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This book continues as volume 7 of a multi-
compendium on Edible Medicinal and Non-
Medicinal Plants. It covers plants with edible
flowers whose floral parts including the stalk and
flower nectar are eaten as conventional or func-
tional food, as spice, and may provide a source of
food colourant, additive or nutraceuticals.
According to Health Canada (2002), a functional
food is similar in appearance to, or may be, a con-
ventional food that is consumed as part of a usual
diet and is demonstrated to have physiological
benefits and/or reduce the risk of chronic disease
beyond basic nutritional functions, i.e. they con-
tain bioactive compound. A nutraceutical is a
product isolated or purified from foods that is
generally sold in medicinal forms not usually
associated with foods and is demonstrated to
have a physiological benefit or provide protection
against chronic disease. Biologically active com-
ponents in functional foods that may impart
health benefits or desirable physiological effects
include the following: carotenoids (f-carotene,
lutein, lycopene), dietary fibres (f-glucans, soluble
fibre), fatty acids (omega fatty acids, conjugated
linoleic acid), flavonoids (anthocyanins, flava-
nols, flavanones, flavonols, proanthocyanidins),
isothiocyanates, phenolic acids, plant sterols,
polyols and prebiotics/probiotics (fructooligo-
saccharides—inulin), vitamins and phytoestro-
gens (isoflavones—diadzein, genistein). Many
plants with edible flowers contain many of these
bioactive components and essential mineral
elements (Mlcek and Rop 2011; Rop et al. 2012),
carbohydrates and amino acids in the flowers and

other plant parts, imparting a wide array of
health benefits and pharmacological properties.
According to the Global Industry Analyst Inc.,
global nutraceuticals market is anticipated to
exceed US 243 billion by 2015 (GIA 2012). The
United States, Europe and Japan dominate the
global market, accounting for a combined market
share of more than 85 %. Spurred by the growing
affluence, rising disposable income and increasing
awareness, particularly in China and India, the
Asia-Pacific region is projected to see significant
growth in the long term. Functional foods that
constitute the faster growing segment in the
nutraceuticals market are rising in popularity, as
the segment offers a cheaper alternative to dietary
supplements. Value-added food products that
feature edible flowers offer additional marketing
opportunities.

This volume covers selected plant species
with edible flowers from families Acanthaceae
to Facaceae in a tabular form (Table 1) and 75
such species from the families Amaryllidaceae,
Apocynaceae, Asclepiadaceae, Asparagaceae,
Asteraceae, Balsaminaceae, Begoniaceae, Bigno-
niaceae, Brassicaceae, Cactaceae, Calophyllaceae,
Caprifoliaceae, Caryophyllaceae, Combretaceae,
Convolvulaceae, Costaceae, Doryanthaceae and
Fabaceae in detail. Some plants with edible flow-
ers, but are better known for their edible fruits,
have been covered in earlier volumes and for
other non-floral parts will be covered in sub-
sequent volumes. Other plants with edible flowers
from the family Geraniaceae to Zygophyllaceae
will be covered in volume 8. The edible flower

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers, 1
DOI 10.1007/978-94-007-7395-0_1, © Springer Science+Business Media Dordrecht 2014



Introduction

(2107) e1padyip

(€£002) PIPYOYIS “(L661) Usereg
(L00T) YSNO[INDIN “(6661)

sueAq pue d[epropne] ‘(L661) ysereg
(0661) BIO1RA (8S61) T8 19 pleulayg

(£00T-C661) U1 (T661) T8 12 Aofxny

(LO0T) yeiog pue Lmed

(0102) ‘T® 10 usIyIBSEURIRMSUOA
(Z107) nYeyuOg pue [Ypay

(2107) 19zney “(L00T) yelog pue Lned

(2100) 1yeyI0g
pue IYPaIN (L00T) Yelog pue Lneq

(Z102) 1yeduy,
pue wnuwnk ‘(£007) yelog pue Lned

(0661) eIO1B] “(LLOT) DHR[D
(L00D) 'Te 10 uBIMES

RERIENEIEN |

PIY00J 10 Mel Ud)ed aIe SIoMO[]

SULJNUW pue ) UI Pasn ‘INOABY ppe
pue Joyeq US| 03 oxeoued 0) poppe swossorg

©9) JOJ PISN pue PILIP AIL STOMO[]

PIYO0D IO MBI URJELD AIE STOMO[]

eAR[RYSQIAl Ul pUB WIBSSE UT SONIUNWIWOD
oI1en) ) AQ UL AUOUWIWIOD ATB STOMO[]

91qIpa pantodar s1omof]

WESSY Ul USJBd SOOUIDSAIOYUT YSIg/KI

Ysy [Jews [pim 1o ut

PALIJ I SIOMOY ) YOIYM UT YSIp Surise)-1oniq e

¢ yeywns, st ysip rendod 1oyouy ‘ysip pary-A1p e
¢ no3uguey], Pa[[ed YSIp © Ul s1omop ay) asn d[doad

oy “indruepq uf “osn a1mjny Joj pawp 1dey ae sTmop

SOUINAWOS “Jed] BUBUR] (PIM FULIA0D £q 9[qeIaZaA
PAISEOI SE U2Jed PUE 9)Sk) U JoY}Iq oI8 SIOMOL]
WSSy Ul S9[qe1agoa

SE U9Jed QJB SIOMO[J PUB SOOUIISAIOPUI FUNOX

WesSY/ Ul paLIj uajed aJe SIoMO[]
P33 003 10 MBI Ud)ed dle SIOMOY Py
U Ale SIOMOI]

SSN A[QIP JOMO[]

A11q10p[F A1

K1129I9p[q ang

A119Q19p[q UeIpRUR)) ‘IOP[H UBOLIOUY

19pIE 15800 POy

(eAereySoIn)
erydig weg ‘(osowressy) enedsey

(rey ) Suey)
ueyd Suoy[, ‘ourwse[ ayeus

(andruepy) eyuewSUON] ‘(9SoWessY)
yeyeqe], ‘ydeiy, Yegeyq eSuoy

(esowressy) ey, edeyq

(andruepy)

eqno3uy B SuBWITUON ¢(9Souwessy)
Yeyed e3og ‘N Ieqe[e]N
esoredny)) ‘eronsnf poy

jnu Ieqefejy

QWERU JB[NJRUIOA UOWWO/YSI[Suyg

"D PupIpnpYIIPND3I SNINGUIDS
ouwny, g (yey) vapniad

“TeA DASIU SNONQUIDG = “Jey
DNL2D SNONGUIDS

1 S1SU2ppUDI SNONGUIDS

KelD) "y (Aeln) 'y

2 "1I0],) SU22S240G4D "TeA
DSOWDIDL SNINQUIDS = QUIIID)
pdip21]]DI SNINGUIDS

JBAOBXOPY

SN £2gDIS SoYJUD]1GOL]S

“Zany] () Smnsvu SnyupIDULYY

SQAN] Sn.Lopfigny smypunon3olyJ

‘qqeIAl (MOpIBH X9 "qX0Y)
sLLofis1 Y snyupov3opy

S9aN (Yo1IrEM)
SMAOY104MD SNYIUDIDIOJY

] DpOIYPD DIDUSHL
uag vonLIofiipo auotadojag
S2IN DIISDA DPOIDYPY
JeAdRYIUBOY

QuIeu dYNUAIDS

QedBSE 0] OBIOBYIUBOY SAI[IWIL] AU} UL SIOMOJ 9[qIP? M sjueld | d|qeL



Introduction

(ponunuoo)

(€00T) PIYOYdS
(9L61) vyeur],
(€002) PIYOYdS

(€007) PIPYOYdS

(€007) PIYOYdS

(€00T) PIYOUdS “(9661)

PruS-uojud pue srung (¢661)
pueLeD ‘(0661) BI0109B] *(6861) 40T
‘(9L61) vYRURL “(SL6T) QQMD PUB qqLID
‘(TL61) MPMPRH “(L961) [OINSBIN

(8661) UBWLIROIN “(+861) [oyund

(0661) BIO1O9R
(LL6T) LD (8961) Joudn

(€007) PIRYOYdS

(0661) elor0R

(€002) PIYOYdS

pouyg pue paddip-10))eq 9q OS[E UBD SWOSSO[g
"sIo1eq 9ed pue oyeoued 0) poppe sIOMO[]

©2) 10J 9IMIISqns

Se Pasn I0 SA[qe}oSoA S UaJed pue pafIoq spng
InoARy ppe

pue Joneq uaysi| 0} aeosued 0) poppe swosso[g
INOARY ppe

pue 1o17eq UYSI] 03 oyeoued 0} poppe swossorg

INOARY ppe

pue 1o17eq UYSI] 03 ayeoued 0] pappe swWossorg
SIONLI IOP[Q JOJ OS] “INOY pue SOXIW Suryeq

0} pappe pue punoi3d 9q Ued SIOMOY PALI( "SIPJem
pUB S3YBD 10J JUAIPAITUI OS[E INOARY PPE Uk Ia)eq
u9IyS1y 03 oxyeoued 03 pappe swosso[g ‘ousedwreyo
Surpyreds ‘Quim I9OMOJIOP[ 0JUT ABUW ‘TRFAUIA
‘sarq[af ‘swel )iy pourea)s 0} pappe 1o JoNLy

JOOMS SB U9JEd WOSSO[q ‘SIS Ul PAL SIOMO[]

PIY00J JO MBI UDJEd SIOMOL]

soyed pue suyjnur ‘soyesued

0] INOAR]} PPE 0] WAJS WOIJ UAYEYS SIOMO[]

‘1e3ns yym papjurids pue paLy ‘Teneq ur paddip
SIQISN]O JOMO[] "P00D JO MBI UL SIIMO[]
SIoNLIY

JIOp[o JOJ Pasn OS[Y “INOJ pue soxIw Sunyeq o)
Pappe pue punoi3d 9q Ued SIOMOY PILI(] "SOjem pue
SO 10J JUAIPAISUI OS[E ‘INOARY PpE

pue 1oy7eq UYSI] 03 oyeoued 0) poppe swossorg

P00 10 MBI U)EI I SIIMO[]

SIOYLIJ IOP[Q 0] pasn OS]y “INOJ pPue SAXIW
3uryeq 0} pappe pue PuNOI3 2q UL SIAMOY PALI(]
"SOpjJem pue SAYEd J0J JUSIPAISUI OS[e “INOARY PpE
pue 191eq uNySII| 0] Aeoued 0) pappe swossolg

K1roquer) ysnqysTry ‘A119gasoo]n

AI13q19pIg

19p[d pod

19p[d pod

Iop[q poy UeoLIOWY

KI119q10pIH

19p[d Py

IOp[H UBOIXAIA

19pId or[d

I9PIE 35U

19p[d an]g ‘A119919p[g anig

ey 2jnpa wnuingip
‘uqgaeIn X9 dwnyg
(‘brN) pumipjoqais snonqung

] DSOWPIVL SNONQUIDS
UNNH (JIOM “T'H) PouDyosjuny
‘dsqns psowaov. snonquIng
asnoy ("XyorN) suagnd

“dsqns vsowaIn.s snoONQUIDS

= "XUOIN Suagnd snonquivg

1 ASIU SNONGUIDS

$91qa9d

pue Kouredy] (\qpAy) s&110qo4onu
“TeA DSOWIDL SNONQUIDS = *qQPAY
s£130qQo421U1 SNONGUIDS

‘Jey vajnaa2d snonquivg = 1one
DUDIIXIUL SNONGUIDS

UUTAPIN

(Ke1ny y) nduavoouvjaut “Tea
DSOW2oD.4 SNONqUIPG = Keln) "y
pdivd0ouvjaur SNINQUIDS
Jwnyg x9

MUY DIIUDAD] SNONGUIDS

“Jey PaJnI2d SNONQUIDS = NN
poNY]3 SNONQUIDS



Introduction

(0661) BIO198A “(8S61) T8 19 PeuIg

(qz107) snowkuouy

(0661) BI01229] (086 1) uLig uop Uea
uozIyEg PuE 9sYdO (LEGT) PIZ[EA
(£00T) ysno[mHIN

(T107) uos[ip

(0661) 10109 (0861) yuLig
Uap UBA PUE 3SYOQ “(H861) [oYUNY]
“(£861) 9qUD pue qquI) “(9.61) ByeUeRL

(0661) elo1R]

(0661) B[O10B] ‘($861) [P uUny

(0661) elo19E]

(9L61)

eyeurL, “(8961) Joydn “(0661) B[O10R]
(JT10T-L00T) dueag

(¥661) ysieg

uop uea ‘(£(007) USANIN pue eyeue],
“(0861) ulig Uap ueA pue 35400

(L007) Sury
(L007) Sury

(L00T) Bury

(nZT0T—L00T) dueaq
SOOURIRJOY

P 003 ale SAOUDSAIOPUT MESOW

BOIOY UI 9D UoafeMmy, Ul Pasn SIOMO[]

sdnos ur pasn pue 1nd A[ouy Jo qrayjod se uajed
PUB PAWEA)S SOIUIISIIOPUI FUNOA PUB WA)S ‘SIABI]

91qIpe are s1omoy Sutpnjout sired [y
J[qIPS SIOMO]J MO[[OA

mnsqns yoeurds

S Pasn I9)SN[O JOMOJ PUB WA)S AJed] ‘SOABY T

peaIq 1ojem azrew yuid

9} INOJ0D 0] PAsn SIASN[I JOMO] JO JOBIIXD JOJeA\
SOUSIP 9ZIBUI [BIUOWRIAD PUB BYIIYD

SU1IN0709 J0J Pasn 94p JO 9INOS—SIOUIIIOPUT PAY
elewo)ens) ut

PeaIq 9Z[eW [BIUOWIAIAD INOJOD O} PAsn T8 SIOMO[]

BUIYD) UT USJBD DIB SIOMO[,]

2[qIPa SIIMOP UM

ujeo apounpad pue douddsaoyul pauadoun Sunox

(popyo1d) soA®9[ pue SIINIJ OS[B ‘U)B SIdIMOJ JUuId

(popyo1d) soAeo[ pue SIINIJ OS] ‘SIOMOY [qIPH

(popyord) soAB9[ pue s)InIJ Os[e ‘SIOMOY 2[qIpg

SI9NLIJ OJUI dPBW dq UBD 10
191eq uyjnuw 1o ayeoued YIIM poXIW q UBD SIOMO[]

SosN [qIPI JOMO[]

udy Jeq
(uea10y]) uoafemy
TWEIPUILIA {qUIOISYI0)) JOPBIIOT,

030§ ‘sSeI3[Ieng) ‘quIodsyd0)) pauwn|d
ysng ies
ysng o3eg A9In) ‘ysng I[eS SUIA\-INO

UBIRUIY JOPUD[S ‘YIUBIBWY UQID)
querewy 2K pay 1doy
JyorIoURS ‘0B

iueIRUY pay
‘querewry o[ding ‘Yuerewry poorg

(esouIyD) 108 L-NS[-NYD
‘paamAor a1ssog ‘jeoproddo) jrem(

018104 UBIpU] ‘038104 Yon( ‘oredepy

peayIng MO[[ox

20eJ314 ‘TOMOT,] UOON [BISEOD)

jue[q 99] ‘31, 10IUMNOH

0vJ31 ‘S1 10JUNOH 19oMS

A1aquer) ysnqusSTty ‘YsnqusTH
‘eUATRY ‘YSnqAIIoquel)) UBdLIQWY
‘wnuINgIA ysnqALIaquel)) uedLowy

QWEBU JB[NORUIOA UOWWOI/YSI[Suyg

"1 wngpp wnipodouay?)
dzyuny| () DIDISLLO ADA DIIUISID
DISOJ2) = ] DIDISLID DISOJ?))

"] P2JUISAD DISO]2)
“dds xapdiiyy
NN (Cysaing) suaosouvd xapdiyy

T SIPLIA SNYIUDIDULY
(1712m0d snypupILULY X SNIUINLD
smypuvavury) “ds snyguvavury

quny sisuaynb snypunivury

T SNIUINAD SNYJUDIDULY
DA X Y9

(*T) S1718528 DAIYIUDUADI]Y
JeddRyIUBIRUIY

"PIIIA P10J1ID] DLDINSDS

neuayong () vavy sLvydouwry
JBIORIBWISI[Y

SAUBMUDS

(‘meH) Su20s20np8 snjo1qodin)
ag g’ N (1) synpa snjoiqodin)
snjog 1

(snjog ") snsowijap snjoiqodin))
QBIIROZIY

[[eYSIBJA] WNQO[LT) WNUINGIA

QWIBU JYNUAIOS

(ponunuod) | 3jqeL



Introduction

(panunuoo)

(£007—C661) U1
(£007—7661) urg

(€£00T—T661) U1g
(€00T-2661) U1

(€£00T—T661) U1g

(2107) Iestpnsey

“(8007) ‘T& 10 [NesTNSIR
“(0861) YULIg USP UBA PUE 3SYOQ)
(£00T-2661) U1

(€£00T—C661) U1

($661) 19N 19p
UBA pUE IULIONSINS ‘(£007-2661) Ui

(€£00T—T661) UIg
(€£00T—T661) U1g

(€002-2661) U1

(€£00T—T661) u1g
(€£00T—T661) W19 “(8661) UBWISON

(Z107) yEsIpnSIE

“(8007) ‘Te 10 [NYeSIyINSIRIA
(0661)

BoroL (8661) X1 pue sdifiid

(0661) BIO19R] “(9L61) BYRUR],
(9¢61) Aysaouex

(0661)
B[O1008] “(TL6T) YOUPAH (0961) UesIO

SI9MO[A *

Spe[es UO YSIUIES B SE PAsn ‘MBI SIOMO[]
Spe[Es UO YSIUIES B SE PAsn ‘MBI SIOMO[]

Spe[es UO YSIUIES © Se pasn ‘Mel SIOMO[]
Spe[es UO YSIWIES © Se pasn ‘Mel SIOMO[]

Spe[es uo YSIuIes © Sse pasn ‘Mel SIOMO[]

U9)BI SOUIDSAIOPUI FUNOX
Spe[es uo YSIuIes e se pasn ‘Mel SIOMO[]
Spe[Es UO YSIUIES B SE PAsn ‘MBI SIOMO[]
Spe[es uo YSIuIes e se pasn ‘Mel SIOMO[,]
PO0J Pa300d UT SULINOAR] B SB Pasn Jsdq
Spe[es Uo YSIuIes © se pasn ‘Mel SIOMO[]
Spe[es uo YSIuIes e se pasn ‘Mel SIOMO[]
Spe[es UO YSIUIES B SE Pasn ‘MEI SIOMO[]
SPB[ES UO YSIUIES B SB PIsN ‘MBI SIOMO[]

Spe[es U0 YSILIES B S Pasn ‘Mel SIOMO[]

UQJed SIOMOY UAID)
POOJ JoULINOS B PAIIPISUOD e A}

$1[00001q AYI[ PASN ‘PAYO0D UL SIAISNO JOMO[]

qroyjod se pue parroqied 10 pajseor

‘paLIJ ‘sAYSIp 9[qeI9F0A ‘sdnos ur usjes spnq IOMo[J

BUOZIIY Ul U3)Bd SI9MO[]

PaY009 21k Spnq Jomo} Sunox

uoruQ 9[A1S-110ys
uoruQ s Jopuejog

QUON.
uoruQ) uadsy

uoruQ paromorJ-ording
(rey L) WoH s1o[[eys pay
IR ISNOJA!

QUON

yoo]

3T PIIM YT s, uo)3urqqed
(erfoSuoly) our3uog ‘uoruQ ey
QUON

(ystpams)
NOISISITY {UoruQ [BIUSWERUIQ

uoru( dniadey, ‘uotuQ s, I10O0OH
AN eag [enuuy

opuozneny eournd)

J00J2S000) PAABYT-S1]
J00J25000)

K1uay Sury] poon

UOSIBAN *S winjdis1aa1q wnijyy
UOSIBA *S Mapupjoq wnijyy
"1989Y MaIpM

W]y = Jone wnupapoq wnijyy
UOSIBAN *S win1idaosiq winijpy

N pue
ISPIeAr wnaandindodp wnijy

1 WNIIUOIDISD Wnlj]y
] wnsonSun wnijyy

1 wnson3up
wniy = "[[ed 2vnSun wnijy

1 wnsvadojadwp wniy

1 wnsvadojadwp wni)y

= owAg (1om0g) nuoiduignq
“TeA wnsvdojadun wnipy
‘[red wmomp winijjy

J NYdS pue INYdS

X9 "[PW) D S vyvAY wnijy

"YOSIPa, g asuaumvyp wnipy
“SOOH WHIPUIUNID Wn1jJy
JradepI[[ATeWY

aown( () LYW DPIDNG
‘PIIIAA Pounb wnipodoudy)
= "JJes aviypinu wnipodouay)

‘wiS wnijofionf wnipodouayy)

UOSIBA\ X "JYJOOH pue ‘Juag
(-101,) wnnu109 wnipodouay)

1 snoLIUdY-snuoq wmipodouay)



Introduction

(€£00T—T661) U1g

(€002-2661) U1
(€00T—T661) UIg
(€£00T—T661) UIdg

(£007—C661) U1
(£007—7661) urg

(€£00T—T661) U1g
(€00T-661) U1
(€002-661) U1

(£00T—T661) U2
“(¥661) 1lpeaoucog pue uakQ

(€£00T-7661) u1og
(€00T—2661) U1
(£002-2661) U1
(€00T-2661) U1
(€00T-2661) U1

(¥661) BUNSNTY PUE ISIA JOp UBA
“(€00T-T661) W “(9¥61) PEaY
(€00T-2661) U]

(8007) T8 10 [NeSTNSTRIA
‘(F661) T3 Iop UeA pUE
IpeUi_g ‘(€007-C661) U]

(#661) SUOYT pue JIIN I3p UBA
“(€002-7661) U1 “(€00T) PIPYOYIS

(€£00T—T661) U1g
(€£00T—T661) U1g
(€£00T—T661) U1

SOOURIOY

Spe[es Uo YSIUIES st pasn ‘Mel Uajed SIOMOL]

Spe[es uo YSIUIES Se Pasn ‘Mel Udjed SIOMO[]
Spe[es Uo YSIUIES St Pasn ‘Mel Uojed SIOMO[]
Spe[es U0 YSIUIES SB Pasn ‘MEeI U2Jed STOMO[]

Spe[ES UO YSIUIES SB PIsn ‘MBI U} SIOMO[]
Spe[es UO YSIUIES SB Pasn ‘MEeI Ud}ed SIOMO[]

Spe[es uo YSIUIeS se pasn ‘Mel Uajed SIOMO,]
Spe[es uo YSIUIES St pasn ‘Mel Uojed SIOMOL]
Spe[es uo YSIUIES se pasn ‘Mel Uo)ed SIOMOL]

Spe[es Uo YSIUILS st pasn ‘Mel Uajed SIOMO]
Spe[es UO YSIWIES SB pasn ‘Mel Ud)ed SIOMO[]
Spe[es Uo YSIWIeS Se pasn ‘Mel Ud)ed SIoMO[]
Spe[es UO YSIWIES SB Pasn ‘Mel Ud)ed SIoMO[]
SpE[eS UO YSIUIES St PIsn ‘Mel U)ed SIOMO[]
Spe[es UO YSIUIES St PIsn ‘Mel Ua)ed SIOMOL]

spe[es uo ysmues € se pasn

SIOMO) {meI u2)ed spodpaas Sunok pue SIOMO[]

Spe[es UO YSIUIES SB Pasn ‘Mel Udjed SIOMO[]

spe[es uo ysiures e

SE POSN ‘MBI UQJEO SIOMO[ PUB 9JUISAIOPUI SUNOX

SIoNLI) se paLly pue 1aneq ul paddip
10 SpR[ES UI UdJed ‘sdnos ul paIowus SI9Moy
{Spe[es uo YSIuIed Se pasn ‘MBI UdJed SIOMO[]

Spe[es Uo YSIUILS st pasn ‘Mel Uajed SIOMOL]
Spe[es uo YSIUIES St Pasn ‘Mel Uojed SIOMOL]
Spe[es uo YSIuIes € se pasn ‘Mel SIOMO[]

SSN [QIP JOMO[,]

(osoueder)
D{NSIESY {SAAIYD) UBLIAQIS JUBLD)

Yoo uend4A3y “yermnyy

uoruQ s, yrunyy

SOAIYD) 19)OOH

JI[IeD) )M

‘o1reD) 9souedef ‘OI[IRD) 9SAUIYD)
uoru() juern)

uoru(Q s J9£30 ‘uoruQ [Iqng
QUON
UoruQ MO[JaA [BUWS

uomQ Ys[om
uoru(Q) dLIeId
uotQ prrm
uoruQ .se[3noq
QUON

QUON.

oAyprey
uoruQ SurppoN

uoruQ oyelod

uotuQ =1mym
‘uoruQ ‘uoruQ qing ‘uoruQ) usapren

BIIRIA
‘wrepe ‘ZeA1q 99[3ue[ ‘UrIRyJ-OqUIER[

J1IeD) PALRY
JI[IeD) URIpRUR))

QWERU JB[NJBUIOA UOWWO/YSI[Suyg

I NyYo§ pue

YOS WNUDLINOGaP2] Winij]y
asnery] Y xg

“JUIOMUYOS IDLITY WNIJTY
uoqD Hypuiy winijpy
SNeMY], Mooy wnijly
a3ung uowajso4o0uL

winljly = 1980y 14048 wnijy
[039Y wnajuns13 wnipy
souof "'

WNAUI] "TeA 112423 wnijy
ITY] pue IR wnyunips wnijyy
T wnavlf wnigpy

1 winsopnisyf wniypy

[0y upuownun.ip wniypy
uny] wnuvaSadp wnijjy
[0OH 1sv]Snop wnijry
‘Jey wndnd wnipy

“ZOIN], WNIDSUIPUOD Wn1|]y

uo(J "D asuUIYD WNIJJy
IO WNNULIZD Wn1]]Y

uod'n
wnin82483p “TeA vdad wnijy

1 vdad wnijy

"D WnUDIUOIDI W1y
T WIDULIDD WnipY
1 aSUIPDLUDD WN1]]Y

Queu dYnualds

(ponunuoo) | ajqey



Introduction

(panunuoo)

(€00T—T661) UIg

(€£00T—C661) U194

(€£00T—T661) UIg
(€£00T—T661) U1g
(€£00T—T661) U1g

(€00T—T661) UIdg

(€£00T—C661) U1

(€£00T—T661) UIg
(€£00T—T661) U1g
(€£00T—T661) U1g

(€00T—T661) UIg
(€£00T—T661) UIg
(€£00T—T661) U1g

(€£002-2661) U1 (0661) BIO®R]

(€£00T—T661) U1g
(€£00T—C661) U1

(€£00T—T661) U1g

(€£00T—T661) U1

(€£00T—T661) U1dg
(€£00T—T661) U1g
(€00T-661) U1
(€002-2661) U1

spe[es uo ysruresS se pasn
spe[es uo ysmues se pasn
spe[es uo ysiureS se pasn
spefes uo ysrures se pasn
spe[es uo ysmues se pasn
spe[es uo ysuresS se pasn

Spe[es uo ysiuies se pasn

spe[es uo ysrures se pasn
Spe[es uo ysiures se pasn
spe[es uo ysmues se pasn

spefes uo ysiures se pasn
Spe[es uo ysIuIes se pasn
spefes uo ysiures se pasn

‘MBI UI)BI SIOMO[]

‘MBI UL SI9MOT]

MBI USRI SIOMO[]
‘MBI UQ)B STOMO[,]
MBI U)BI SIOMO[,]

‘MBI UL SIOMO[]

‘MBI UL SIOMOT]

‘MBI USRI SIOMO[]
‘MBI UL STOMO[]
MBI UJBS SIOMO[]

MBI UQJBD SIOMO[]
‘MBI UQJBD SIOMO[]
MBI UJBS SIOMO[]

smals pue sdnos ur SuLINOARY Se pue

spe[es uo ysiures se pasn

Spe[es uo ysiures se pasn

spefes uo ysrures se pasn

spe[es uo ysiures se pasn

‘MBI UL SIOMO[]

‘MBI U9JBI SIOMO[]

SPEJES UI JUI[[AOXS ‘P00 IO MBI UJLD SIOMO,]

‘MBI UQ)BI SIOMO[]

‘MBI UdJBd SIOMO[]

Spe[es uo ysiuIes se pasn pue

Spefes uo ysrures se pasn
Spe[es uo ysiuIesd se pasn
Sspefes uo ysiures se pasn

INOARY UOTUO Juesea[d B 9ABY ‘MBI USJB SIOMO[]

‘MBI UIJB SIOMO[]
‘MBI UdJBd SIOMO[]
‘MBI UL SIOMO[]

QUON
QUON

uoruQ s 9490 ‘uoruQ [Iqng

QUON

oT[IRD) ASOY

JlLED

Pa1omo[J-Iuei3eld Yoo SULIOMO[]
uoruQ s, Ds[emazid

‘uoru() SuLIOMO[,] ‘UoTuQ) YYepe|

09T UdpILD) YOO
uorQ wolS-1er
dSIIeD uele)]

Y09 PAIOMOLI-MI]

jo[[eyS ArID) Youal]
uoruQ [BIUSLIO

JtIeD POk

uoruQ [eIudWeUIO)

papisdor] ‘atIeD) Jed] pASIME,
o1en [1pogred

uoruQ prrm
OI[IED) MOPEBIIA “OI[IeD) BpRUR))

(esauedef) eIN SWIH
“(9sauryD) A BNy UR( A PIIM

SI[IeD Usp[oH

nurg-oN ‘UoTu(Q) UOWIISOIOBIA
uoruQ) Iomor, a31e

Uoru(Q UBS[ORIA

WX WUNA2f1N20DS winijpy
nelRy puR puRIng Vg X
YOS WNUDLIUIYNL WNI]]Y
SQUO[ "IN WnLoudy “IeA 142808
wnijpy = "YIASQ wniqnd wnijy
qQotg "IN winjjeqnt wmijpy

T wWnasod wnijpy

"] wnsowv.L winijyy

[080y wmuviysipmazad wnijpy
1 wnsnidojadun

wnyyy = "1 wniiod wnipy
uosiep °S 2pnwolpyd wniyy
‘uQq, winuipnpuad wniypy

uoqg D

(‘qorg ") winxopvand winijry
YOSIPa "O HUIUDYISO winijpy
ass10g 2JpIuaLI0 Wnijjy

"] Wnaov42]0 Wnijly

1 wnnbyqo wmniry

o[[uI1D) winumitjodvau winijy
NE\N@%QUD “JTeA NhQNEE:@U
wmily = "XYOUN 2[1quinus unijry

WIXBIA] WNYIUDUOU WNTJ]Y

1 Ljout w1y
3ung uowisoLovuL winiyyy
qQpAy wnppiadosdovus wnippy

Ioeq nupapovU wWnijyy



Introduction

(€£00T—C661) U1

(€£00T—T661) U1g
(€£00T—T661) U1g
(€£00T—T661) U194

(€00T-T661) U1 (T661) S0 e ]
(€£00T—T661) U1g

(€002-2661) U1
(€£00T—T661) U1g

(£007—7661) urg
(£007—T661) 1o
(€007—2661) 1]

(€£00T—T661) UIg
(€£00T—T661) u1g

(0661 e[o1€e]

(6007) Iouuo) O put UBWIMIN
(0002) s12q0Y (6661) sueaq pue
aepIopNET (066 1) PIO1R]
‘(9L61) eeUR], ‘(€00T) PI2YOYdS
“9661) YIWS-UOIUS PUB druIng

(€00T-T661) UId “(0661) BlO10R

(¥661) 1peUrdg pue

TN 1ap ueA ‘(0007) PIBMPOOA
‘(0661) BIO199%A (9L61) BYRUR],
SAOURIJY

Spe[es uo ysiuIes se pasn

Spe[es uo ysiuIes se pasn
spefes uo ysrures se pasn
spefes uo ysiures se pasn
eAR[RWIH [BNUID) UT

‘Spe[es uo ysiures e se pasn
Spe[es uo ysiuIes se pasn

spefes uo ysiures se pasn
spefes uo ysrureS se pasn

spefes uo ysiures se pasn
spefes uo ysiures se pasn
spefes uo ysrures se pasn

spefes uo ysiures se pasn
spefes uo ysrures se pasn

‘MBI UdJBd SIOMO[]

‘MBI UQJBD SIOMO[]
MBI UJBS SIOMO[,]
MBI UQJBI SIOMO[]

JUSWIPUOD SB Pasn
MBI UQ)BI SIOMO[]

‘MBI UdJBd SIOMO[]
‘MBI UdJBd SIOMO[]

‘MBI UQJBD SIOMO[]

‘MBI UL SIOMO[]
‘MBI UJJBD SIOMO[]
‘MBI UdJBd SIOMO[]

MBI UQ)BI SIOMO[]
‘MBI UQ)BI STOMO[]

saroads uo urpuadop ‘pownsuod A[rensn are

SOABQ[ 10 sq[nq Ay} A[uo y3noyj[e Q[qIip2 a1 syuejd
wmn1]]y ISOW JO SIOMO[J PUB SIABI[ 001 ‘qnq Y],
ysruIes se pasn Jo SaysIp

USY PUB 9S99YD “91)[OWIO UT U)ED SIOMO[ SIONLIJ St
paLy pue 1aneq ul paddip Jo spefes ur usje ‘sdnos
UT POISWIWIS SIOMOY $S19))nq pue SIeSoulA qIoy

0JUI 9peW JO SPe[es Ul PSSO} ‘YSAIJ UoYed SIOMOL]

91qe1a59A se pasn sapounpad 1omo[]

91qe1a59A se pasn sapounpad 1omo[]

S9SN A[qQIPI JOMO[]

uoru() asouedep

uomQ ANXL,
oI[IRD) AITR]
uoruQ) jueIder

(eAe[ewIH [BNUID) UBIRYJ ‘BUUN
JO[[BYS UBISIOJ

uoruQ ourelq

(esouedef)

oAypey-ewRATIA ‘UOTUQ) SULIONI[D
UOIUQ pesH-[[ed “OHIeD
POPRIH-PUNOY Yo PIPeoH-Punoy
JI[IeD) UBULION

UuoruQ S, AOUdWS

(yoUa1g) IPUOLIY [TV Y99 puBs
J[oquIed0y

SOATYD) UIPIED)

SQAIYD) UpILD)

orpren ystuedg orpren orgdo

oren

QWIBU JE[NOBUIOA UOWWOI/YSI[SUT

uoq ‘D HEaquny} wnijy
“IQORI

 *[ PUB UOS[ON "V 2]1xa1 wnijjy
] WAINSAIYGNS Wnijpy

‘boer suajoaavns wniyyy

1oeq 14ayon.1s wnijy

[0Sy wmpndus wniyy

‘meD

ISY X{ “WON Wni]als wnij)y
‘J3nyogs pue

YOS XO'PIIM Suapualds winijry

1 uoppydazroiavyds wnijy

" SU2IS2UIS WN1|]Y

939y 140U winiyy
wnpunjod ~dsqns wmnpunjo.
wnijy = uxed)§ () wnpunjod
~dsqns wimnsvidopoiods wnipy

1 wnspadopo.tods wniypy

1 wnspadouaoyos wniypy

= JRISIRIN PUB YOARH winoLIqIS
~dsqns wmnsvidouaoyos wnipy

1 wnsv.douaoyds wnijyy

fed (ury)
UOpo.L02501Ydo “TeA WNADS wnijy

"] wnanups wniypy

QWeU dYNUAIOS

(penunuoo) | 3jqey



Introduction

(panunuoo)

(€661) uapIey

(0661) 10199 (0861) JyuLg
udp ueA puE 3SY20 (9961) [IBHING

(6661) uasuef
(MT102-L00T) dueag
(0661) BIO1OIRA

(SL61) streH (0661) BIOTOdR]
(6002) 10uu0),0
pue uBWMIN ‘(0661) B[O1OIB]

(0661) B[ORA (TLOT) ISINYMOID

(S007) uuewpaly
(€£00T—T661) U1g
(€£00T—C661) U1

(€£00T—T661) UIdg
(€£00T—T661) U1dg
(€£00T—T661) U1g

(eZ107) snowAuouy

‘(600¢) 1ouuo) O pue uewmdN (L00T)
uaAn3N pue eyeue], {(0007) PTEMPOOAL
(0661) BIO1008] “(7661) 199N 1P UBA

(€£00T—T661) U1g
(€£00T—T661) U1g

Surmoaey Se pasn SIOMO[ INOs
‘pE[eS SE PISSAIp JO pAWweals ud)ea soorued Jopua],

SuLIoAR] POOJ S Pasn AOUIISAIOYU]
MBI J[qIPI SIOMO[]
9[qQIPa AIe SIOMO[]

SPOO0J PaY009 Ul SULINOARBY © SE IO YSIuIes e se
Pasn ‘Spe[es 0] pIppe ‘P00 10 MBI UL SIOMO[]
UQWIOM

nn7Z 9Aneu ) Aq AJBII[AP B SB PIPIB3AI SIOMO[]
S1I9SSIp

0JUI OpBW PUE PAIPUERD IO MBI UJBS SIOMO[]

201ds se pasn soABQ[ pue sq[nq ‘S[Iq[Nq OUIISAIOPU]
Spe[es Uo YSIUIES St Pasn ‘Mel Uajed SIOMOL]
Spe[es uo YSIuIeS st pasn ‘Mel Uojed SIOMOL]

Spe[eS UO YSIUILS St PIsn ‘MBI U2)ed SIOMO[]
SPe[ES UO [SIUIRS SB PAsn ‘MBI U2)ed SIOMO[]
Spe[es uo YSIUIES St pasn ‘Mel Uojed SIOMOL]

9]1q BI)X? Jet]) QAIS 0] dones

959U 0] IO SAYSIP YSY )IYm 0} pappe 2q ued Ky ],
's339 pejquuierds pue sopo[awo ‘ejsed ‘spefes ur
Pass0) pasn A[opim are Ay, ‘Ayounido A[3ursudins
QI PUE INOAR[J UOIUO P[IW B QABY SIOMO[} QAIYD)
3un|oos uersy ur pasn sounpad romoy

pue spnq Jomop pauadoun ‘SIOMO] ‘9oUISAIOPU]
Spe[es Uo YSIUIES 9AT)RIOO9p pue K)se) & oyewl A3y
INOAR[ OI[IeS pIu & yIIm AoIn[ ¢MeI Ud)ed SIOMO[]
Spe[es Uo YSIUIES St pasn ‘Mel Uajed SIOMOL]

I 21E[000UD SUIPPON

eIy yeng
‘eIWY ‘UIqUIOA ueAe[e]A ‘wn[d S0H
umnid

UIQUIOJA] UBISAR[RIA ‘SOF UBISAR[RIA
9017, eunjuadiny,

o3uey

o1[IRD) KJR100S
J1[IRD) KJA100S

[mbuor

uoruQ dog, ‘uoruQ

uendA39 ‘voruQ Surgoung I[[IAsIRg
Jnquiif

Yoo ourdly

‘uotuQ plipn ‘uoruQ duremg ‘uoruQ
UTBJUNOJA dYIOR] ‘UOTU(Q) OYIoe]
OIED PIIM

UoIuQ PIABYT-dUQ

SAIYD) d1fIED)

JI[IBD) PAISUIO)-IIY], ‘UOTUQ) PI[SUY
9T POOAA

OPHQIBIN A'[

(xg¥y) smwriquiy uosodoyorq
QBIJRILIDYIUY

zy] (377) vivuurd svipuodg
= "PIlIM P42fisuvwt svipuodg

SUBUWLIQ)SOY] PUnAD]pUL SDIPUOAS
1 SNyIu1qa42] DIODISIY

" vo1pUl DAfISUD Y
QBAJRIpIROLUY

‘ATeH p2oD]01A DIYSDQIN]

J71 vaovn v LY SN

1 vppmbuol snss1oavN

‘PIIIM X9 "PRIYIS

(You0N) winaafijosd x wnijyy
QU] Y21 oM wnijry

1 $1pLIoO1A Ny

UOSIBAN *S WNp1pa wnijyy
] wnuisan wnippy
33011y wnijofiun wnigy

‘Suaxdg xa
IOMOY WNsoL2qng wnijjy

1 windgonbriy winipy
[0S Wn22091.11 winiyy



Introduction

10

(€661) puelren
(0661) e[o1oR

(dZ1027-L007) dueaq

(0661)

B[O1008] ‘($861) [PYUNY “(9L61) BYeURL,
(bZ102-L007) dueaq

(eZ107) SnowAuouy

‘(1102) 'Te 12 uoosey “(600¢)
Jouuo) O pue uewMIN ‘(0007) SHqoy
(9¢61) Aysaouex

(0007) $11290g

(0661) BIO19BA “(+861)

193Uy *(9L61) BYeUBL (8961) Joudn
(6007) 10UU0),O pue

uewMIN ‘(6661) SuBAY pue dreplapne |
(0661) B[O109%] “(TL61) YOUPIH

(XZ10T—L002) 2ueaq “(0661)

B[O109R “(9L6T) BYEUR, (8961) Joudn
(eZ107) SnowAuouy

‘(6007) Iouu0)) O puL UBWMIN
‘(6661) sueAq pue d[epIopne (q
‘By661) YSIoF Uap UBA ‘(£661) PUBLIED
(0661) BIO19%] “(TL6T) OUPoH

(€661) uopIeHq
SQOURIAJY

[SQIJ UQJEd SPeay JOMO]] QINJE]
JYSI[OP S, JoUINOT PAINOAR-}0LIED
® 20npoid 0] PaLly YOoualj 9q Ued SI2)SN[d JOMOY L,

P00 J[qIPI T8 SIOMO[]

qiapod se payooo

10 MBI U2JBd SIOMO[J PUB SW)S ‘SOABI] SUNOX
PE[eS UI Pasn SWOSSO[q MBY

SIOMOY JOPUELIOD YIIM pefes ojejod pue ueaq

19213 {dnos JoMO[J JOPUBLIOD pUE ey ‘S ‘YSIP
[oun| JopueLIod pue uidIogne apn[oul saysIp JWos
“INOARJ Y} 9OUBYUD 0} pefes JInif 9SueIo Ue JOA0
PAI0NEOS QIE SIOMO] MAJ Y "SI0 WEBAID 0) Pappe
10 A1J-11S ® JO PU2 2y} 0} PApPe IOMOYI[NED I9A0
PAI0)BOS QI8 SIOMOT,] "SQUSIP JUSISHIP JO KJoLIeA

B Ul SOABI[ A} Sk d[qeidepe se aIe sIomop YL,
93eI0A2q SB PAsN SIOMO[]

Jeyysed, yoead ‘spefes U pasn SIOMO[]

JUSWIPUOD SB PISN SPAAS PUE SIOMO[]

Suruoseas se pasn SIOMO[]

AIeuoro9juod pue sayes ‘sarmsed

ur pasn sxomoy ‘parpued rendod Ajreroadss are
SWI)S JOMOYJ O} PUB ST YIIM JUI[[OOXD T8 SIOMO[]
$)001399q JO $IoqUININD ‘SuryIoys papyoid o) pappe
QI SIOMOY J[OY A "SI[qIAZIA PAY00d IoA0 dyulLIds
IO SQ)JO[OWIO PUE SAYSIP YSY 0} PAPPE SIOMOT,] "PeaIq
pue sarsed ‘Sma)s ‘SAIARIZ ‘Soones ‘IeIAUIA ‘SUOTUO
‘s10qUININD PAPYIId INOARY 0} PAsn SAOUISAIOYUL

SSN A[QIP JOMO[,]

Sun(q s,[1A9(T ‘BpNR0JESY

jo1IR))

PIIAA Q0BT S,uuy uaang) ‘Jorre))
A9[sreq osoueder

“9I10MouOH asouede[ ‘BqnSIA

[1AI3YD) PIIM HOMSUOH
anydureg Yooy ‘armydureg

JOpUBLIOD)
JoONINOSIg Wajsaregq
Kemere)

nugig nuisay) yreg
KQ[STed YoudL] ‘TIAIYD
eo1R3UY

uBI3oMION ‘AI2[3D) PIIAA ISOUD
KJOH ‘eor[o3uy uapIren) ‘edreiuy

ma

A7 a1e[000U)
QUIBU JB[NOBUISA UOWIWIOD/YST[IU

] DPU20J-DSSD DI
" PIO4DD SNIND(
ssey vorodpl piuavjordi)

A (1) s1suappupd viuavI0IdLi)
T WNULDWL WYL

] WNAYDS WNIPUD1LIOY)
SOUO[ “H'IN SNDIIPNU DIJJIMSS0)
T 144D WNIDY)

1 wnuvisvooqng wniung

‘WjoH (") wnijofa.123 snostyuy

T DI1ISUDYIUD DIIJISUY

T SUI]0ADAS WNYIIUY
Jeooerdy
1eq (1gy) smorgs uododoyonq

QUIBU JYTUAIOS

(ponunuoo) | ajqey



Introduction

(panunuoo)

(0661) vlo1R

(0102) seoxf

(8L61)
yoeg pue poJuIMd0T ‘((0861) WO IR ]

(8L61)
Joug pue PRJUIMIOT (0861) WOINIET

(002) n"H

(0661) ®loooR]

(1107) umorg

(0661) vlo1RS (TLO1) YOUPIH

(0661) e[o10R

(6661)
SueAq pue d[epiopne] ‘(0661) BIO10oE]

(9L61)
eyeuR], ‘(L61) Jysn “(8961) Joudn

(0861) T 12 oWINT, “(7S6T) A119g
(9¢61) Aysaouey

(6007) 1ouuo).0
pue uewMaN (0002) $12q0Y (6661)
sueAq pue d[epropne] ‘(L661) yseleg

1[09001q 0} JOUURW JB[IWIS € Ul PIsn UM
91qe)a80A PAY00d SNOIOI[AP B OS[E 218 AT, "pefes
u0013 ur passo) a1e ‘sfedIpad SnuUIW ‘SIOMOf Y],

SOLLIND INOABY 03 901dS Se Pasn ST 90UIISAIOPUI
yum juerd ojoym parq dnos 03 pappe 1o ysip apis
SE SoIJ Pownsuod pue pajsoarey are sjuejd Sunox

Spe[es 0) POPpE ‘MEI U)ed SPNQ JoMO[]
Spe[es 0) Pappe ‘Mel usjed spnq JOMO[]
©0) SB Pasn PI[10q SIOMO ‘SOAB
QUIM OJUT OPEW SPLay JOMO[]

syre) qreqnua o winyd ‘opdde 0y

POppe A[OAO] I SIOMO[) PAINOAR[J-ISIUE JOIMS YL,

a8e10A9q
€ SB POsn SIOMO]J PUB SW)S ‘SOABI] JO UOISNJUT Uy

stomop wouy paredaid ea],

Uajea Ale SIaMO[]

UQJed AIB SIOMOJ FUNOX

ysoiy
udjea pue pafead sajonad Jea] pue sy[els JOMO[]

UdJed SIOMOY SUNOX

sord JInIy ur pasn SIMO[]

SIOPURXA[Y UIP[OD)

(rey ) oesueg yeyd

‘rey 9ydYeYd ‘(LD{sueS) eyipowely
{(1pury) powly ‘A19[D PIIm

SIOPUBXQ[Y RI[0JIod
9SeA0T Yor[{ ‘SIopuexoly

(esaury)) Sua, 3ueq 100y IS
jouIng a3eljIxes ‘JouIng I9)ealn)
‘oFeijixeg jouing ‘Kemere)) yoerq
S190M§ QIpadN s, praydoys

YA USNLIG ‘UIo,] 199M§ ‘A1)
poows [IAIYD MO0)) ‘Jue[d URTIOY
TIAIQYD 19)BAIN) ‘A[001D) ‘A[901D) 1o9MmS
‘A1919D) PIIM ‘diusied a)1sod powiuidl§

-payeN ‘Aorsred 119s9(] PEN
‘K1910) ueIpu] ‘ouue)3oy ‘I[I Yyoreqg

wniyewo|
Po9s3ig 00y MNdSIg pa9s3rg

93eAO0T UIpIED) ‘OFRAOT

nysng ‘1910 uerpuy ‘diusied moD

drusieq moD uouruo)
oysng ‘A1e1)) uerpuy ‘drusieq moD)

[QUUS 199M G ‘[ouUd

Yooy ['A’M Pa4np viZiz

oM H (D@
WNUDIY SANGXOL WNULIDAS Yo ]

1 wnmpijofiad wniuilug

T WNIDSN)o wWnmuilus

NYISIYS
("zoIny)) vivorpalp viaoyuysodpg

1 v3v.afixvs vjjaurdun g

*doog (1) viviopo sty

350y pue INoD

IN'L (ysing) apnoorpnu wniypuioy
350y pue InoDH

N[ (UOSIBAL °S) 211Dy winypuio]
= 9S0Y pue oD N[ (‘uIy

29 JOOH) Wndipd04o0 WNPUWOT

Yooy ‘(A 2]puIdLfo wnonsiaay
RUCHAN

wmpup] wnaoviay = "bug
("urpnen X "YOI[YOS) WnunIuout
~dsqns wnpuoyds wnajoniapy

‘IR WNUIXPUL WNAJODIIL]
XUDIIN UNIDUD] WNIJIODLIL]

TIUA 24D A wnnoua o]



Introduction

12

(€661) £2330D

(S007) yoseaey]
‘(SL61) SUIBH ‘(+L61) Uoi3uLLIey

(6002)
uewaNAQ pue serd ‘(4£61) 3Ys)

(S007) yoseaey
“(0661) BIO1O9e] “(1L61) UOISULLIRH

(S007) yoseaey “(0661)

BO1008] “(GL61) SUTRH “(TL6T) MOUPOH
(#861) 1uny (9¢61) Aysaouex
(2107) erpadiyim

(0661) Blo. “(4L61)
Joysn “(8961) Joudn (9¢61) Asaouex
(FL61) 12us( (2961) sired

(9¢61) Lysaouey

(S007) yoseaey] (0661) BIO1OR]
‘(SL61) SUIBH ‘(+L61) UoiBuLLIeH

SAJURIRJIY

dnifs £1e3ns

B OYeW O} UMOP PI[I0q 9q UeD SISISN[O JOMOY Y,
dniks K1e3ns e oyyewr

0) UMOP PI[I0q 2q UEd SIAsN[d Jomol Y], ‘sdnos
UT JOUSYOIY) & Uk SULINOAR] B SB POsn oIe SIOMOL]
"1[09901q Y1 pasn a1e Ay [, ‘sead oYI] Jeymauios
9)se) KA [, ‘P00 UAJEI spnq Jomoly pauadoun

PIY0O0D IO MBI UJED SPNQ JOMO[]

QAOQE SV

dniks Kre3ns e oyyewr

0) UMOP PI[I0q 9q UEd SIASN[d Jomol Y], ‘sdnos
Ul JOUYOIY) B PUB SULINOAR] B S PAsn AJe SIOMO[]
"1[09901q AYI] pasn a1e A3y ], ‘sead oY1 Jeymowos
9)se) KA [, "Pad00d U)ed spnq Jomopy pauadoun
PIY00d UL SWOSSO[q SUNOX

JqIP2 SIoMO[]

dniks K1e3ns e oyyewr

0) UMOP PI[I0q 9q UEd SINSN[d Jomol Y], ‘sdnos
Ul JOUYOIY) B PU. SULINOAR] B S PASn AJe SIOMO[]
"1[09901q AYI] pasn a1e A3y ], ‘sead oY1 Jeymawos
9)se) KA T, ‘Pad{00d Ud)ed spnq Jomopy pauadoun
sead oY1 9)sE) ‘POY00I JO MEI UJLD SPNQ JOMO[]
01X

MN] JO sueIpu] Iynyz jo skoq Aq uajea spnq Sunox
dniks K1e3ns e oyyewr

0) UMOP PI[I0q 9q UEd SIASN[d Jomol Y], ‘sdnos
UT JOUSYOIY) & Uk SULINOAR] B SB Pasn oIe SIOMO.]
"1[09901q I pasn a1e Ay, ‘sead aYI] Jeymauios
9)se) KA [, "PaY002 UAJEI spnq Jomopy pauadoun

S9SN A[qQIPI JOMO[]

PIIMYLS Py

POIMN[IA JE[INO]
PaaMYTA o[dmg

PIIM[TN MO

PR2MNTN

JIeM(J ‘PIOMY[IN PRABYT-TRAQ

POOMY[IJA UBDIXIIA
paamy[rs d[ding

poamyIN dwrems
poomy[Ig dding

PIIMY[IA MenSpag

suIoy 2dojquy

QWU JE[NOBUISA UOWWO/YSI[SU

1 gt svidajosy

‘boer vijofiiponb svidajosy

1 suaasvandand spidajosy

‘TreA (Ke1n) y) vjuund svidajosy

oude( pijofiypao svidajosy
“ARD) DUDIIXIUL SDIA2]ISY
IQ[BM DID]02oUD] SV1d2]OSY

" vIvuILIUL SD1dI]ISY
Ke1n "y 1j1py sp1dajosy

3 ‘g "H sapro1p3 spidajosy

UOSPOOM
(-ouda(Q) vynadsp svidajosy
Jeoorukoody

QWeu dYNUAIOS

(ponunuoo) | ajqey



13

Introduction

(ponunuod)

(0107) oquiedry
(UZ10T-L00T) dueaq

(0661) B[O1098]
“(TL6T) MOUPAH “(LE6T) 191Z[ed

(6861) MO
(8061) e “(#061) dofun( pue uoyeq
“(2061) dmuuren ‘(3881-,881) Moys

(8061) e “(8881—L881) Moys

(0661) T8 12 UOLIOIN (0661) BIO1OR]

(0102) seoxf
(0661) BIO1O9R] “(SL61) SHIBH

(0661) elo1ooe]
‘($L61) uoydutireH “(9¢61) Aysaouex

(S00T) yoseARY “(8661) UPWLIOI
(0661) BIOTO%] (SL6T) SHIEH
‘($L61) uoydutireH “(9¢61) Aysaouex
(vL61)

1Y (7961) SITed “(9€61) Asaouex

UQJBI SIOMO[]
MBI U9JED
9q UBd pUR [RIOY PUB 109MS KIOA OJe SIOMOYJ Y],

yoeurds oyI] UAJED SJ00YS IOPUS)} PUE SIOMO[]

UQ)BD PIAS $J0OI ‘SJOOYS ‘SIABI] ‘SIIMO[]

PeaIq YOIy} ‘Tlews €

¢ sepjoy, jo uoneredord ay) ur pasn pue SIOMO[J Y}
woly paaowl st (uafjod 2q 0} pres) ropmod J9MO[]
* Ifeyq, e ojur paredord 10 payoooUN ULIES SIOMOL]

(UB299(]) BIPU] UI UJED SIIMO[]

sesndnd, ur

SSUI[Y oY) 0} POppE ST J1 ‘SEINPUOH UI PUL JOPEA[ES
[ U] "SQONES PUB SM)S ‘SOUSIP 9JLI ‘Spe[es Ul pasn
SI7] "BOLIUIY [eIJU)) U SULINOAR] 10J GIoY U SB
pasn spnq Jomop pauadoun uea1S [ews ST 00010
ysy payows

PALIP PIM ALIND B UI PAYOOI AIE ‘PUNOI-IBAA
J[qe[TeAR OIB YOTYM ‘QOUISAIOPUI PUE JOOYS SUNOK
POOMY[TW UOWWOD OYI] PASN PUE UJLd SIOMOL]
dniks A1e3ns e oyew 03

UMOp Pa[I0q 29 OS[E UBD SIAISN[O JOMO Y, '$120MS
AYI] U9Jed 9q UAY) Ued YoIym sdwuny [fews ojur Jno
SOZI[eISAID Yey) Jej0ou yonw os 9onpoid SI9Mof]
sueIpuy

emaddry) Aq pama)s s1omor "dnifs A1edns e oyew
0) UMOP PI[I0q 9q UEd SIASN[d Jomol Y], ‘sdnos
Ul JOUYOIY) B PUB SULINOAR] B S PAs AJe SIOMO[]
"1[09901q AYI] pasn a1e A3y ], ‘sead oY1 Jeymowos
9)se) KA [, "Pad{00D U)ed spnq Jomopy pauadoun
jeaul Y)Im Jo dnos 10J pafioq spnq ‘eruiojie)

pUE BUBJUOJA] UI PI[I0Q JO MBI UJEd SIOMO,]

(sueeLyy) Sutoyyogq

‘Woqsey B3I “TOMO[ UOLLIRD)
QUIA

I19[3uenS ‘JUB[J XJBT ‘QUIA PIIMYIA

(1rewog)
yoioy (erdorypyg ‘eusosuoy])

e[[IKeH ‘e[ikey] ‘e[roy) ‘Iepy

eueuRg ysng ‘qeqno(q

(Trure]) Ae1oay] 993urI00)) ‘BAOH
(n3nfaL)
BINY] BlRd ‘([TWB]) ABIo9y Aeled

(OOTXaIN ‘BTRWIAIENLD)
‘I0peATRS [H) A[INn]) ‘090107]

(Tey L) BQRIA-SUNJRIY JI0A\ 9Z9oUS
PMY[TIA UAID)
Ksod ueipu] ‘ysniquied uerpuy

900IXN[] ‘TOMOPIAZIIYD ToMO[]
19331y 100y epeUR)) ‘P Aplonng

PIIMY[IAL “PSMY[IJ UOWIWOD)

PRIMNTAL KMoy

[Jora|

(1g'I°N) S1suanbvwvu vaq.()
‘Pury

("uIy 29 JOOH) PIDAOPO DIUILIO
Quod(J (‘uuoy], %

yorWINYDS) pIjofidun] viuapvida
= OYJeA pyvIsVY PIUIPDIdIT

oni (I Y) SDAISND DIUIPSID N
= Ig"y S1DLISND DUPIDYYI1I]

BUD (1Y) vaoypria viog

“[TeAN 11P22YL DUUISOJOE]

UOSPOOA
(-0 V) pivanpund vIpIOUL]

‘J00H

X9 ‘yuag ("} 1) s11gnjoa vasaiq
“Jey pioyfipriia svida)osy

] psotaqny sv1da)osy

1 pavLILS sP1da]osy

“110], vso12ads sv1dajosy



Introduction

14

(T661) T8 10 BWN[

(6861) Masereqoo pue uedued3uog
(Q ‘ep661) YSIog uap ueA

(0661) BIO19BA (9961) [IPING

(Q ‘ep661) YSIog uap ueA

(1100) T 10

uoostey ‘(8007) ‘Te 10 SunpeAeimiopn
(686 1) HaseIqood pue ue3ued3uog

(L00T) ueAn3N pue eyeue],
(SL61) qquD pue qqu)

(000
nH “(#861) U (9961) IIPHNG

(1107) ‘T8 12 uoosrey]
“(0102) ‘T® 12 uaryjeseue)IeMIUOM

‘(8007) 'Te 10 SunpjeAeiimion

(0661) BIO1OIRA
“(9L61) BYRURL, (T861) T8 19 X0

SAOURIRJIY

9[qIPo I8 SIOMOT,]

So[qe1059A Sk A[[BO0[ PAY00D
SIOMOY UQ0IS pue WS JIOPUD) ‘SIABI] SUNOX

PUB[IBY ], UT UdJBS SIOMO[]
pUB[IBY], UT UJBD SIOMO[]
sourdd[ryd oy} ur usjes SIMO[]

paLy 10
pawea)s ‘A1nd JYSI| Ul payood IO MBI UdJed SIOMO[]

Q)L SAALI[ SUNOK pue SIOMO[]

UQJEd SpNq puk SIOMO[]

9A0QE SE PIsn SIOMO]

SJBOUOOMS UI USJED OS[e SIoMO[] “(dnos A1md

ysy s maydeds osaury)) X WeN Uad[ Woueyy],
Auedwoooe Aewr s1omop patty 9[A)s eandura)

9 Jo Inoaey Ase) pue AdsLo oy ], "8} [8qI9Y PILIp
se ‘spefes Ul ‘paLyy ‘sapoowo ur rendod s1omorg

sqIoy0d se payood SIOMO[]

S9SN A[qQIPI JOMO[]

oefeIpuy 199m§
“queq o31pu] e[ed ‘IOpuBdQ S,SI0AJ

10qUITD POOMYIAl URID
IOMO[ pealg

IOMO[] pealg

(esowreulaIA ) vlg @ ORYJ, WeD
‘(SoredeL) yore] radaar) dismo)
QUIWISE[ UDUO],

‘1odoaI)) UnyuOJ, ‘BWso[a], JueISel]
‘1odoa1)) dijsmo)) I19]01IA asauIy)
(esowreuwiarp ) A BOH

‘AT ROH ‘AT UQIY, :OUTWSE( UTUQ,
‘1odoa1) Unuo], ‘eWso[a], JueISel |
‘1odoar) dijsmo) 19[01A asoury)
adoneyusg

ording ‘reyg-ording Surquuirp)
‘Quruise

UBIPU] JSOAN Q1T JO 991], ‘a1,
ordway, ‘romor ordway, ‘ruediduery

211,

epo3eq ‘1omol o[dway, ‘tuedisuery
(TputH)

yeinf ‘jog 13y eLepen ‘ueseyey
‘TUBAOZRS ‘UBIR)() ‘QUIA-SI[[I],

QWIBU JE[NOBUIOA UOWWOI/YSI[SUF

gy PrL01oul] PUYSLIA

‘J3I00H

X2 puag (‘) S1y1gnjoa nadai(
= jders (31 siiqnjoa vypYDIIM
Azyuny|

0O (oY) P2ovuUP|OS SLUD]IDA
dzyuny O (Poy) raovuvjos
s = "Sualdg 10uday sLv]A

[[HION
(oouelq) suaquindoid puisoja]

LRI (‘Julng) nIvpLod puisojay,
= QeI (SMAIpUy) Loulu puisojay,

"LOIN (Jwang) pIvpL0d PUISo]a],

UOSTIM T
(-oud(Q) StvAUI] DUIYLIDYIULYY

T DAGNL DILIWN]J

"1 PSNIqO PLIWN]J

"AOTYD) ("YSI0) PIUIDP DIIDINGId]

Qweu dYNUAIOS

(ponunuod) | ajqer



15

Introduction

(panunuoo)

(2107) anyeyiIog puw [P
“(0102) sea1f (£00T) yeiog pue
umed “(0661) B0 (9L61) BYRUEL

(#861) 1oxunyy

(S861) Masereqooq pue ueguedsuog

(1102) "Te 39 Sunepe(

(L00T) yeiog pue Lned

(0661) BO18] “(1861)

SWETIIIA “(SL6T) 9M2qy pue Unrejy
(q ‘ep661) UYSIog USp ULA

9L61)
eyeueL, ‘(7L61) YOHPH (8961) Joudn

(L00T) yeiog pue Lmed

(S861) Masereqood pue ue3ued3uogd

(0002) $11990Y “(0661)
B[O19] (ZL6T) ¥OUPIH “(8961) Joudn

eAeeySoN

ur pue wessy ur sojdoad sopog pue soren

£Q paY00d UdIELd SPNQ JIOMO[] “PUB[IRYL, Ul ALIND
Kords pue 10y UT SUY00D I9)Je UL Ik ‘UOSBIS

Aurter1 Jo pua oyy Aq 9[qe[IBAR ‘SPNq JOMO]J SUNOX

9[qIPo QI8 SIOMO[]

JUQ[[2IXA ‘P00 s1omo]} pauadoun ‘saALI] SUNOK

UdJe9 aJ8 Sa2UISAIoPyu]

wessy ur ojdoad 1ys3uoqfey

pue opog Aq 9[qe1939A S Payood udJed Ik xipedg
1911eq 339 Ul paLly

1o sdnos Ur pasn IO MBI U9JEd SOOUIISAIO[UT JOPUA],

UQ)ED AT SOOUIISAIOPU]

snouosiod are £3]) ASIMIYIO PIYO0d

oM ATy3noiotyy 2q jsnwr A2y Jnq ‘Aoedr[op 18aIs v
POO0I—SaLIIdq puk (WA)s FULIOMOY 2y)) XIpeds

9[qe1a5aA st payood udjed XIpeds JOMO[]
PO0J J0J PAY00I SIOMO}) SUDUNS-UON

(M)s quuey) 91paIq

Jrfjowrto]qiarem, Jo YSIp UBOLIJY YINOS [eUOnIpE)
Q) ur pue sarfjowrorgrojem, ‘erndwo) ur
JUQTPIZUT A3 © SB Pasn Spnq Iomofj pue SULINOAR]
B SB pasn Ik SIOMOJ) oY ], "9Imnsqns sneredse

J0 yoeurds € se pasn Jo papjord—oyids Surromor]

(tey ) SuenT Suee], ‘erjery oyepymous

(9sauryD) BIf MM\ NYZ IX ‘1 BIf AL

(teq1) YON Suv],
{(asaury)) nN nuog Juo(g Suenn)

(rey) weN reyyf “oeN reyy ‘weydq
{[eouLId)eAN [€O1dOI], ‘[ROULIDJBAN UBISY
(osouwressy) nyooy wes

‘seyn) wes ‘nyoey weks ‘wnruoydAy,
Jeo peqo ‘wnry [e3uog

AKeusng ‘o

(Kerey)
ynrelng {(esaury)) uex onJ rx suenn

WNIY MOIIY U931

(rey) weeN Yeyd

{(uressy) erowduay)) ‘oxe], Aurdg
(reyr)

Jng ue[d oyeus Tomo[ asdio)

(sueeyLyVy)
A1)oWWO[qIaIBAN SUIOYIMEBE JOTBAN
‘sn3eredsy ade) ‘A[r] puod 2de)

SIA

('Ipur xo ‘qx0y) vivuipd PISanaL]
NHA'S

(uunqq) SMAOY1pou SN2202042Y1N3|7
=0H A'S (WS'M'M)

snj3s1100.48 $12200042YIN2]q
UURWIg

(uo "D X2 YII[[eM ) DIDULID DIJDAY
JeAJRI[RIY

se[q pue

SoweH ("qxoy) rsoqoys viffjom

noyos (") wnipqojiy wnuoydqy

noYas
wmpjofnulsyd wnplydnypdg

IZ)IOJA] puE JOSUI[[0Z (‘qX0Y)
pi1dKIno $1330]301DUISTYOS
Noyos (") po1uSa1a DAPUNI]AJ
‘mey], (‘) psouds visvy

‘dds snpydoydiowy
JBaJRIY

‘1 Sokyomisip uojaSouody
Jeaoeuojesouody



Introduction

16

(0661) 1010984 (1861)
SWeIIM (9L61) eyeuel, “(8961) Joudn

(0007) unysne[A pue ssukey

(0661) B[0109B] “(1861) SWRIIA

(¥861) sauof

(0661) BIO1R] “(861) [uny]

(0007) UIYSne[OIN pue SQUARH
(0661) BIO1R] “(8861) UOMOIN
“(#86T) Seuof (£L6T) I9IUTUUIA

(0002) urysneP pue saukey “(0661)
B[O1008] ‘(186 1) SAUOL (9L61) BYRUR],

(0007) UTYSNE[OJN pue SOUAEH

(9661) snws
“(0661) BIO1O9®] “(+861) SAUOL “(0861)
JuLIg usp ueA pue asY20 (8961) Joudn

(0661) B[0o10B] “(9L61) BYRUR],
(0661)
B[O100B] ‘(9L61) BYBURL (¥S61) Umolg

SOOURIOY

BOLIQWY [BIUD)) UI S9[qeIaZaA

Pa[10q S pasn Jo PILy pue 19)jeq S50 ojur

POPIOJ ‘SPe[es Ul u)ed s1a)sn[o Jomoy pauadoun
P00 JO MBI UIJB S90UddsAIohul pauadouny

BOLI 810D

ur sdnos ur asn Jo pa[1oq Io 1o33eq ur pary doop
‘MBI USJBI AT (SWA)S JOMOJ) SIOUISAIOPUI SUNOx
K1933%e( ‘re3ns wyed

AYew 0] PAJOLIIXA Y[LIS 20UDSAIOPUT 1no woyJ deg

eqn)) ur Apued Juryew I0J pasn SIOMO[]

Appo) ‘93eI09A2q pojuauId) APY3II|

oyew 03 2o1n[ des jsowfe ‘A1o33el ‘re3ns wed
eW 03 PAJOBIIXA Y[IS QUISAIOPUI Jnd wolj deg
SOYBD Ie3NnS OJul paLIp

pue JeSouIA JO [0YOJ[E ‘Quim 0jul passadold osye
des Syunp e sopraoid aouaosaropur no woiy deg
A1033¢e( ‘Te3ns wred

Yew 0) PIIOBNXI Y[eIS SUISAIOPUI IO woly deg

9[qQIPa SIOMO[]
popyord 1o 9[qe)adea ©

Se PAY00d Ik SpIq {TeFaulA pue eqn) ‘Appol ‘[oyoo[e
‘re3ns ‘opoean 10y de) spounpad sousosaIOfUT
Ie3ouIA ‘93eIoAdq pajuauLIR) A[IYSI[ J0 JINJes YuLp
ysaxy ayewr 03 2ol des jsowre ‘Aro33el ‘re3ns wyed
eW 03 PIJOBIIXA Y[IS QUAISAIOPUI Jno wolj deg
Iegns

0Jul dpewW d0uddsalogul woij des ‘usred are spng

91q1po a1 spng

SSN [QIP JOMO[,]

wed jery ‘eAeoeq
wed e[[og ayjueaN ‘wed Inoped
suieq Inopreq

wped [reL ystd

(ystuedg) eoevuRA BWIR] ‘BORURIA
wed ueipoquie)) ‘wed resng

‘wired Appog, ‘wied eikwed ueisy

wied Ioruoy ‘wed unyy yoerq ‘wped
Appoy, ‘wired uoy ‘wied gofe ‘wied
eIAW[E] UBDLIJY ‘W[ed UB UBDLI}Y

wed 99IeA\ ‘Oyo0oyD)

ualy ‘wred

nnwoy ‘wyed AIqLy-yorld ‘wied
Suary ‘wyed e3uary ‘wied Iresng
wed Ie3ng UBSOWIO]

BIO[ON) UAIY ‘Sunquiy

QWERU JB[NJBUIOA UOWWO/YSI[Suyg

‘[PUsM "H
DIOfIUNUDIS D2LOPIDUDY)

RN ,ELBMNNN DaLOpIDUDY )

ISI8Q) PUDIIIDISOI DILOPIDUDY )

1 Sua4n pjokiv)

31o1moT ("))
puvriawnyd puouonydp) =

Korreq "HT ('qosLD) xd WS D)
s1opnp puiouoddp)

1 42fijjoqvYf snssv.iog

RN S:QQ‘:\\NNS snssvLo0g

MR
X9 "QAUT WNUDIIXIWL WNCLDIOLSY

RN (qQuuInp ) pppuuld p3ualy

'000g 112]3uU2 pSuaLy

*000g pijofunnpun

p3uUaly = "000g Suoquiv b3uaLy
QBIOBIAIY

Queu dYnualds

(ponunuoo) | ajqey



17

Introduction

(panunuoo)

(¥861) sauof

(0661) e[o19eq (9L61)
eYeURL, ((2L61) YOUPAH (9961) [[PHng

(0661) BIO19BA (ZL61) NOUPIH

(0661) e[01298A (9L61)
eYRURL, “(TL61) YOHPIH (8061) Nem

(0661) vlot0oR]
‘(LL6T) dued[eAR) (TL6 1) NOUPIH

(0661)
R[O100B] ‘(1861) [9UNY (9L61) BRURL,

(0007) UIYSNE[O]N pue SOUABH

(0661) BloRA
(0007) unySne[A pue ssukey

(0007) UTYSNE[ON pue SOUAEH

(0661)
©[O100B] ‘(1861) [UNY (9L61) BRURL

(0661)
v[o19e] ‘(7L61) YOUPSH (8961) Joudn

(¥861)

sauof ‘(086 1) SULIg USp UBA PUB 3SYIQ
(0002) uHySnEPN

pue soukey ‘(0661) B[O1OR]

‘(1861) SWeIIA “(TL6T) YOUPSH

1e3ns wed
IYeW 0) PAJOLIXS Y[BIS OUDSAIOPUI Ind woly deg

BISA[RJA] UT 9OLI INOAR]J O} POsn SIOMO[]
Jeaunaams SurAI3-£310uU9
ue oonpoid 03 dniAs edru ur paxyoos seoUIIsAIOPYU]

UQJBa SQOUADSAIOPUT TUNOX

Ie3ns 10 ouim wed

0JUI dpeW JO JUNIP SI 90UDSAIOYUI ) wol deg
[1Ze1g ‘BUBIND) UI }[BS UOWIWOD

JIOJ 9)m1)sqns ¢ St pasn Yse ue P[aIk SIOMO[]
(eanonnsopuou) pnq Jomop urddey £q des woiy
pue dind drecosowr SunjuouLo)y Aq opew auIm wWed

spees 0} pappe pue paddoyo oq Aeul SIOMO[]
JuQWIpu0d se pasn udfjod romoy 9rding

1e3ns
pUB QUIM 9BW 0} pasn ousdsatogul woiy deg

UQJBO 90UIDSAIOPUT SUNOX

sn3eredse

1] uote? sayIds romoy papuedxoun Funox

qere[ ur uajes ayjeds UT pasO[oud

pur 3 & Ie3oura ‘Appo} ‘93eI10A9q pAjudwLIo) APYS3I|
ayewr 03 2om[ des jsowre ‘A1o33e( ‘re3ns wyed
eW 0] PIJOBIIXA Y[IS QUAISAIOPUI Jno wolj deg
I9)1eq 339 UT PaLIJ IO PAIOq ‘MEI

uoJed eArord, PI[[BO SOOUIISAIOPUI S[eW FUNOA
103 umoid are syuefd pojededord A[oanoes

weld e pue[s] Areue)

wied SunqIN ‘SUOqIN ‘SunqIN
(erpur ‘ysopersueq) eyedjon ‘yediN
‘wred ediN ‘ediN ‘wed aaoi3uejy
wed LeZeA

wed SUIp ‘wied nung
euoderoeny ‘wied

euogreg ‘wred edo)) ‘wyed ms
wied NN AIOA] UBDLI}Y

Jkeqilod ‘wiped yoead

rojRlpEY]

snq[ ‘wed Sueqon

wed Xep\ eqnewre))

‘wired B[og SYIueBaN ‘wed JNofed

mnuod0)

wred Aoqifeday, ‘wred eAeoeq

pneqey) SISUILIDUDI X1U0YJ

[Py (poer) wintw)jisy
putiadsoou) = awnyg (Ypuny|)
wmsojuauv]Lf vuLIdsoou()

qQuUNA SUDIUNLf AN

yony
("puD) puviyoLs sdoyLiouuvn

‘J1 PSONXaY PN

"ARq PUE ZINY DaP101]aP DILIDLL]
= "JIBJN] DSOOLIIUIA DILIDIL]

RN

X9 Yosz)ory] puvisiatad auavydLpy

sapdisps “TeA {puny

sandisps s1povg = Krreq "H'T
(yyuny]) sandisns vuijane
*009g S11N PUOSS123NT

‘we | unin pyd£io)

Q100N “A'H ("TIIAD
paafiuntd viudiado) = 1R
(epnury) v.42fi120 v121WI2AO))

IR
sundaja va1opavuDy)) = IS1I0
X2 "wqar| (‘MRN) Suv3aja viuijjo)

1 pL2f1oNU $020)

‘wqory 2jojiladay vatopavuy )



Introduction

18

(8T10T—L007) 2uraq (0661) BIO109R]
(L00T) Sury

(e2102-L002) duead (0661) Blo1098]
(L00T) Bury

(0661) e[o10R

(€10T
uewpadL] £q paNo) (1661) BAW[PQY

(0007) urysne
pue saukeH ‘(0661) BIOWRA “(6L61)
emgs “(9L61) BYRURL “(ZL61) OHPIH

(0661) e[01098A (TL61) MOUPSH
(0002) urusneW

pue saukeH ‘(0661) BIO1OE]
(P861) 19Ny (TL61) MOUPSH

(0002) urusneW
pue soukey ‘(0661) BIO1OIE]
(#861) 19UNy (TL61) NOUPSH

(¥861) sauog

(¥861) sauof

(0661) BIO1098] “(+861) SouOf
SQOURIRJOY

UQJEd puE PIISLOI SY[IS JOMO[,]

PaISBOI SY[BIS JOMO[ 1] SUnox

.9)jomnb, ojur opew

PUB SQUO]S 10U UO SY[IS JOMOY ) Payeq suerpup
oodeory] Teosow jads oy} spre1k uonemsip uado
yorym onbynd 93e19A9q OI[OYOI[E UL 0JUT PIJUIULIDJ
1O Yunip s was Sutromoy 9y woliy des 10oms [,
PRISEOI SY[BIS JoMOY Jef SUnox

193uI3 03 uaYI|

9)se) pue OUEBISEI) 9ARY ‘SULINOAR]) SB PISN SIOMO[]
uepng ‘uejopioy

UIOYINOS UT AJMIISANS B} B SB PASN SIOMO[]

PAWNSUOd OS[e 9k PNq [UTULIS) PUB SIOMO]J YSI)
QUL "POY002 JO MEI UJBD SOdUdsaIoful pauadoun

UQJB JOUIDSAIOPUI SUNOK

QUIM 9B 0) PASN AOUISAIOPUT
Amewwr Suraowel 1)Je paonpoid aomy

QUIM 9EW 0) PASN JOUISAIOP UL
amjewwr Suraowel 1)Je paonpoid aomy

1e3ns wyed

Yew 0) PIIOBNXI Y[eIS QUAISAIOPUI IO wol deg
1e3ns wed

eW 03 PIJOBIXA Y[BIS QUAISAIOPUI Jno wolj deg
Koeotpop

SE U9)e? 20uddsaIopuI orew A1a33el ‘re3ns wed
AYew 0] PAJOLIIXA N[LIS 2OUDSAIOPUT 1nd woJ deg

S9SN [qIPI JOMO[]

KanSeyq ‘queld AMua)
QAR Y uBaqLIIR))

Q0[V UBOLIOW Y
‘Kan3e ueld A1mua) ‘erwen3dy
QALY [TBIX0, ‘Jue[d AIMua)

Io3UID) PIIA UBDLIOWY

(o1qery) e[srern-wn
ST wIop) ‘odid s, uewyoing

Wed [[IWPUIA dSUIYD ‘WE] UBSAYD)

wied neyIN ‘wed eYIN

wed ooqueq Sury ‘wed ooquieg

wied Suip ‘Wied eyjey

wred re3ng-a1eq

‘wred 9ie(J eIpuy ‘wied e

PIIA\ ‘wiied APpOL, ‘wifed e I19A[IS
(sueeyLY) Wooqape(-9pIim
‘wred Are(q priph ‘werdy 1e(q resuss

wred aeq
QWIBU JR[NOBUIIA UOWWOd/YSI[TU

YoAQ-wres
xv.\,?:wM SuailaoLjp N;QM<

‘MBH D1jofiIsndun 2av3y

] DUDILIGWD 24DEY
NoAQ-W[eS vIvnuaY 2408y
Jeooederedsy

1 2SUuapuUDd WNADSY

"Z)oy] PIPaIOVIq DIYI0JOISILY
QBAJBIYOO[OISITY

‘IPUsM

"H ("ooH) 1ounyiof sndivoyonay,

SpNI( pue ‘[PUSM 'H (18104
‘D X2 "[0S) vpidvs sylisoppdoyy

‘Aneaq ‘J p4afiuia viydpy

‘TPUSM
"H pue WU\ ‘0 112y00Yy viydpy

qxoy (") SLIS24)LS X1U20Y J

‘boer vipuipoas xraoyg

" p42J1]K100p X120y g

QuIeu dYNUAIDS

(ponunuod) | 3jqeL



19

Introduction

(panunuoo)

(8061) Memy

(eT10T-L007) duesq
(0661) BIOTRA ‘($L61) UOISULLIEH

(BT10T-L007) duesq

(L00T) Sury
(L00T) ysno[MId ‘(¥007) pue[Suels

(eT10T-L00T) 2ueaQg
(1661) Te 10 2IoLIJe |
(9€61) Asaouex

(eT10T-L007)
auea(T ‘(0661) B[0TI (8961) Joudn

(8Z10T—L007) 2ueaq (0661) IO
(8T10T-L00T) 2ueaQg

(0661)
B[o1098] “(LL6T) [ (9L61) BYRURL,

(eT102-L00T) 2ueaqg

(8T10T-L00T) 2ueag
(82102-L00T) 2ueaqg

(eT10T-L007) duesq

BIPU]J UT UL SY[BIS SULIOMO[]

9[qQIPa SY[eIS JOMO[]
9AOQE SE PIsn SIOMO[]

Surkay

10J 19)3eq 330 ut paddip pue paxyood APYSII| SIOMO[]
9[qIPe SIOMO[]

pamioq

pue 183nS 10 S90NES IYBW 0} PAsn 9q UBD Iej0au
IoMO[ "e[Inba) ayew 0) pasn aq ued Y[e1s Y} Jo
[eaowal Jo)je paurelqo des oy, ‘sesse[ow 1] ISk}
pue PaISLOI 9q OS[ ULD JISUWILINS UT WOSSO[q A3y}
910J2q SY[BIS AU, ‘PRISLOI IO PI[10q 2q UBD SIOMO[]
UdJed Y[BIS JOMO[]

BIUIOJI[ED) UL Pasn SI JeJodU JooM§

eoLIOWY

UI9)SOMYINOS UT dUBDIESNS OYI] PIMAYD PUE $)931)S
AU} UI P[OS SI YoIyMm ,9101nb, 10§ 1n0 SY[BIS JoMO[]
dniks 109ms & OJUT 9peW Y[B)S SULIIMOY ) WOIJ
180U ‘U pUB PIISLOI SY[BIS JoMO 18] Sunox
UQJEd puB PIISLOI SY[BIS JOMO[]

suerpuy

KQ A[399I1p paWINSUOD SIOMO]) WOIJ JBJOJN * [edsou,
PI[BO 9Bd AYdIeIS J9oMmS B WLI0) ASY) [Hun payeq
QI $Y[BIS JoMOp SUNOZ "Ud)ed Ik SpPNq pue SIOMO[]

UQJEd PUE PAJSLOI SY[BIS JOMOL]

UQJEd PUE PIJSLOI SY[BIS JOMO[,]

UQJEd pUE PRJSLOI SY[BIS JOMO[]

UQJEd PUB PAISBOI SH[B)S JOMO[]

jue[d AIMua)

jue[q AIMUQ)) ‘9Ae3Y el

jued AIMUa)) ‘9Ae3y on[g

jued AImua)) 30ya3pay ‘QAe3y
Soya3paH ‘aAeSY 2qO[D) ‘@Ar3Y Jeo]
Q[PIaN ‘@AB3Y 9[paoN ‘ue[d AIMUd))
jue[d AU

juelq AIMuQ)

jue[d AImua)) ‘9AB3Y S, MBUS

jue[d AImua)) ‘oaedy oanbing

aaely s, A1req quelq Amua))

Kon3eN
qued AINU)) RIS ‘QAB3Y 1aso(J

A3y anbng ‘oae3y juein

juelq AIMuQ)

QAR Y PAIIMO[{-UdP[OD)

Aon3eA B[TUBIA

‘fonJeA nqo) 00y Aequiog ‘eejue)

‘MeH D1jofisndup
24p3Y = "uoudNe nindialn 24Dy

‘wieSuy sisuayvin 2av3y
1999\ D'V pupjinbay 2ansy

YoAQ-wes pIoLs 2av8y
‘dds 243y

QULLI DUD]DSIS 2ADSYy
ANUQD) 124241 2aDSY
‘WASUY 1IMDYS 24Dy

FOAQ-wres
X3 ONQ PUDIUIDS 2ADTY

‘wijeduy 1eind 2an3y
‘wesuy rawnd 2av3y

‘WASUY 114252p 24Dy

Anuon

(‘1011 purdissp.ao ~dsqns puviups
24038y = [o1], puldissp.ad 2ap3y
DUDILLIUID

“dsqns puvorw 2403y

=10Ud(Q) X2 '[o1], »1v21]duiod 2408y
S9[qRd PYIUDSLIYD 24Dy
YoAg-wres

X3 ‘qx0y (‘MeBH) vjpIund 24D3Y



Introduction

20

(0661) BlO1®R] (8961) Joudn
(0661) e[or8g “(8961) Joudn

(0661) e[0O100BA “(1L61) 9ALID
(0661)
B[O100R] “(#861) U (9L61) BeUR],

(9¢61) Aysaouex

(T107) IesIpnSTEpy
“(3002) ‘¢ 30 [NESINSIRI
(¢861) MaseIqood pue ueSuedSuog

(nZ102-L00T) dueaq
‘(0661) BIOIOOR] “(7861) T8 19 X0
(nZ10Z-L007) dueaq
(0661) BIO1%A] (T861) T8 19 X0

(0661) BIO1RS (Z861) T8 10 X0
(0661) BIO10B] “(Z861) T8 10 X0
(nZ102-L000)

aurd( “(0661) B0 “(F861) [uny

(nZ102-L00T) dueaq
(0661) BIO1RA (T861) T8 19 X0
(0661) BIO1R] “(861) [uny]

(0661) BIO19R] (Z861) T8 10 X0

(8961) Joudn “(zs61) duIAl
SooURIRJRY

QAOqE SV

93e10A9q © 0JUI 9pEW IO SUBIPU] Aq

Ppooj se pasn pue sjid [eosow ur pajseol png [ENUID)
UISTBI YIIM POXIW SIOMOTJ oY)

woiy paredaxd st oumm e ‘Aueunron) jo syred oawos ug
YUNIP pue B3} JBI[ YIIM PIXIUL

10 J[es Ul paAIasald are spnq JomO[j pue SI9MOp Y],

S[e0J J0Y UO PAJSBOI SPNQ JoMO[ SUNOX
9[qe1959A SE UQJEd SIIMOY PIWE)S
sayed ojut passaid are £y ‘ejoSuy

uJ ‘pofioq Suraq Iejje spnq pue SIOMOY J[qIpH
Swosso[q

9rqeddis ‘pawrnsuod 9q ueLd Jey) JBIOOU YIIM SIOMO[]
9[qrIa39A SE USIBd SIOMO[]

sqroyiod se pasn s10MO[{

partoq Sureq 133ye KoBOT[Op € I SpNq JOMO[]

swosso[q d[qeddis ‘Iejoou JoomS 10J PAYONS SIOMO[]
S9[QRIAZA SB UQJLd SIOMO[]
I8)JO0U I0J PAYONS SIOMO[]

BOLIJY JSOA UT d[qe)aSaa dnos e se pasn swossog

S9SN J[qQIPI JOMO[]

[010§ ‘uoodg 119s3(T ‘[010S UOUWIO))

1010S ‘[010§ SexaJ,

JIoppe] S,qOJ%[ ‘BLIB[[EAUOD)
‘AT-1eAu0)) “A2[[eA Y1 Jo A1
(esauedef) og-a3e3ruury|
‘ueInsng ‘A9[[eA oy} Jo AT

9217, enysof

(rey L) oeqry
201y panods ‘Q0[y Jea] vIqez

Q0] UTRJUNOIA
01y

(sueeyLyVy)

ukmey-oruedojy ‘uAmieesooypuipy
‘ukmreesioq ooy auedojy
(euems],)

ouedo3Y ‘{(sueeyLyy) uAmeesein
‘UAm[ee[eeASURI], ‘0[y panodsg
(esox)

B[eY] :(N[NZ) BqR[YU] ‘(SUBLLJY)
uAmpeediog ‘ukmreerontq <(ysisuy)
Q0[V PaY ‘Q01V IaN1g @07y ade)

(esoyx) ereyy :(n[nz)
BQR[UU] {(SUBBYLJY) UAm[eesiog
‘UAmTeRIONIY 90TV PY ‘Q0[V Ionig

Q0] UBOLI}Y
QUWIBU JE[NORUIOA UOWOI/YST[SU

oy

X UOSIBA °S 112]22YM UOLITASD(

Q[OQYDS WNUDXD] UOLITIASD(]
1 syplow pLD]PAUO)

‘b 1285123 DLID]IPAUOY

‘wiesuy v110finaiq voonf = "qQpAyY
(‘wpaduy) vijofinaiq paonkoisiy)

uasie Y sisuadains vasipidsy
1oyeq puLqaz 20]y

10819g "V nyiopivuL 207y
"pOL, pdiv20.40DU 201y

1xeq S1ynio1] 201y

PUBUQUDS 11pDaYyIpaL8 207y

TTIA Xo42f 201y
PUBUQUDS 11pnngDYyd 20]Y

TN Xo12f 20y

= 10810 "V wWniqojapund 201y
‘we| vijofinuay

201y = Iaved 1a1iDq 20y
QWRU OYNUAIOG

(ponunuoo) | ajqey



21

Introduction

(panunuoo)
(ATT0T—L00T) duea( (0661) elO1oR]
‘(F861) 1uUNy “(ZL61) NOUPSH
(1102) 1NDYAS
(0661) e[o199%] “($861) TUN|

(0661)
e[ordeq “(9.61) 91BL ‘(8961) Joudn

(0002) S1290Y “(0661) BlO1OR
(9L61) vyeURL, ‘(L961) I09INOBIN

(1102) T8 19 epirey)
(0661) elot0oR
‘(TL6T) MOUPSH (8S61) ‘T8 19 peuio]

(0661) ©I01e] “(1LG1) 940D
(6861) MO

(6861) M0 “(L861) AqHD pPuE qqu)
(0 T10T—L007) duesq

(0661) BIO1OO®]

‘(9L61) eyeUR], ‘(9€61) Asaouey
(L861) QquD pue qquD

(1007) 929quaalg

(0661) BIO109BA (8661) UBWISOIA

yoeurds Y1 UL SIOMO[]
9[qQIP2 2IE SIOMO[]
Q[qQIP2 2IE SIOMO[]

OOIXAIA

Ul P2)SBOI IO PI[I0q UJBI SIAISNO JOMO] SUNOX
Io)em

JOMOJJ-BSOIOQN] JO 90INOS A} I8 SIOMO T, "90nes
Kos uersouopu] ue ‘ desay, jo ayensqns ) 0} pappe
10 sdnos 9[qe1aZA Ul Pasn (P00 UL SIOMO[]
PuE[TeY], UIOY}IOU JO SBAIE [eINI SWIOS UT PAJEAN[NO
a1ow pue e[ndod A19A QW099q Sy 2[qeIA3A
SNOuASIpUI SIY ], "o9uadsalogur ay) st 1red 9[qIpa Ay ],

peaIq Ul payeq Usjed SIOMO[]

so[qe1adaa sn3eredse a1y

POAISS PUB P00 dUIDSAIO[uI papuedxoun Junog
Q)L SIOMOJJ AWreaId Aurj,

JuLip

JINIJ B Se pasn 9oIn[ aseq pue paurens oml uow|
Ul POYyEOS SIOMOY ‘0oueISely Jomoff s sead oy
9)SB) UAJED SIOMOY AWeard AUl "MeI Uo)ed SIOMOL]

9[qIP? ATk SIOMO[]
UQ)ed pUE PII0q SIOMO[]
PAIUIS AJB[OO0YD ‘MBI UL SIOMO[]

J[qQIP AIe SIOMO[]

[m0q pefes
Q) UT UOTJBIOOIP 9JIU B OBUW MBI UJBD SIOMO[]

K[ 35210 “1oY0d JOH Py IAIUIAN
Ar] posurry
BLISIAISURS

eloLeg BUIR]

Jsoraqny,

(esouryD)
oeD 17 niQ) enH nD AT vury)

waya[yIeg Jo 181

sn3eredsy ueissnig
ysny e\

ysny-JeN Jeo[suog
AT ureyuelq

eoonyg [erredey)
A[1T sse1ny K[ je[oooyD

A7 @1e[000U) SUIPPON

uroekH plim

oyeq

XO'AICH DID21ODAq DIUIYI]IA
gy 1nuosiaipd snjouns{y |
I TN S119D48 DLI21AISUDS
KQATSOIN

(‘'[01L) PUDSOLIUIDD DIINL

= "[I], PUDSOLIUIDI D]INUIDS

] pSodaqn) SAYIUDIOJ

SMIIPUY DJa] SaYJUDSONdJ
] WnID]I2QUIN WD SOYIIUL()

1 wnowuaLd wnip3oyruL()
“dds pupuvwoy

‘[11qe7] P110fi8uo] nipuvuio]

“dds misopy

TPIL

(101 127ddiym poonfosadsagy
Ioeg

‘D[ (IGY) SIS uododoyong
ROBIS N

T CIg ) smwrquaf uododoyoiq
puny (ws) wnisasuod
DUU2}s0]aY21(J = [IPH (‘'astes)
wingjayond puuaisojayd1q



Introduction

22

(0661) P1d

(0661) v[orR]
‘($L61) uoydulireH “(9¢61) Aysaouey

(0661) p1ig

(9ZZ10T-L00T *92102-L00T) 2uead
‘(600¢) 1ouuo) O pue uewmdN (0661)
e[o129e] “(0661) 1o3uIsiog “(0661)
pag ‘(#861) [uUny “(¢L61) YOHPIH

(0661) eIo1Eg “(8961) Joudn

(8661) uewooy (0661)
parg ‘($861) [uny (9L61) AeL

(0661) p1id

(0661)

[01008] “(9L61) ABL “(9L61) eeue],
(6002)

uewNA( pue selfg ‘(007) pueSuels
(0661) BIOWRA “(LL6T) e[
“($L6T) UOISULLIEH ‘(T961) 199MG
“(TL6T) YOUPaH “(9¢61) AYsaouex

(¥L61) uoISuLLIRH

(0661)
©[01098] ‘(#861) [qUNY (LL6T) UOHOIN
SOOURIOY

snderedse

I pasn pue payood wa}s Surremor ‘Surmnoaey

© SB PIsn pue paysnId ‘paLIp 9q OS[e Ued pue mel
SNOIDI[AP AT A, ‘PAYO0I IO MBI J[QIPS SIIMO[]
ud)ea uontod JoUUT pue payood eI JOMO[
‘sqroyjod se payyood IO pefes Ul MBI U2Jed SIOMOL]
sn3eredse oI pasn pue payood WS FULIIMO[]
‘SULINOARY © SB Pasn pue paysnId ‘paLIp Aq OS[e ued
Koy ‘MeI SNOIOI[A(T "PAYO0D JO MBI A[QIPS SIOMOL]
apodiyo ym s1omopj eoonk

paoines SI YSIp UBJIXI[Al QUQ) "Pe[es pue ysiures se
Ppasn s[e1od ‘SULINOARY € SE PISn pue PaySIId ‘paLIp
0S[e SIOMO[ "PI[10q JO MBI 9[qIPd dIe SWOSSo[g
I9))eq Ul PALIJ pUE pefes

UT pasn ‘SISYIUE J9)Iq JO [EAOWAI I3}Je J[qQIPa S[eIdd

oA0qe Sy

sn3eredse ayI] pasn pue Pay00d UL W)S FULIOMO[]
‘SULINOAR © SE Pasn pue PAYSNID ‘PALIP 9q OS[E ULd
KU ‘MBI SNOIDI[O(T "PAR[00I JO MBI J[qIPD SIOMO[]
Apued se uojed pue pajseol 9q Ued pue Jesns ul

[OLI 18 SI10MO0f pauado dY [, "ToMOPI[NEd I POAISS
pue ureSe pay0ood UAY) Pue PAUTRIp ‘SSOUIANIq )
QAOWRI 0} J1dJeMm J[es ur pa[roqred 2q ueod ‘Furuado
910J9q ‘SpNq JOMOJJ 9], ‘PIYO0I A[qIPI SIOMO[]

PaY00d ued sapounpad FuLomop "9[qeIadoa

B SB PIsn U22q dALY ‘SUTRI IWNS I} 10J2q
PoISQAIRY ‘SIOMOJJ QU ], ‘Te3nS Ul YOI a1e Ay} se 1soq
QI SIOMOYJ JOP[O Y], “PAYO0D J[QIP2 SPNQ JOMO[]

aAoqe sy
sngeredse oI pasn

‘parioq pue pafead ST WS JULIOMO[] “SULINOARY
© SB Pasn pue PaySIId ‘pILIp 9q ULD JO MBI
SNOIOIAP AT KA, ‘P00 JO MBI 9[qIPS SIOMO[]

SSN [QIP JOMO[,]

1033e ystuedg

©ooNng peamdeog

wied vuIyD ‘BUYD Wed

pearyy, s.oag

‘SQ[PAaN S, Wepy ‘edong jea[uoods

eoong dif-1jos ‘eoonyx ssofourdg

©ooNg 221], deog

BOONL S, A9pong

9211, enysof

jouokeqg
ystuedg ‘eoong (e ‘eoong eueueq

BOON JEA[MOLIEN

jouoAeq ysruedg ‘eoong ooy

QWERU JB[NJBUIOA UOWWO/YSI[Suyg

"] PSOLL0]E PIINL

NN ponv]3 PIIML

qnepey)) n4afijyf pIong

"1 pSojuUD]L DIINL
[989Y sadnyuvydaja vaong

‘wesuy (‘wesuy) »ivja pIINL

Kapjong pioLisuod poIng

‘wjasuy pijofinaiq vaong

110, DIDIIDG PIINL
JIAQI]
X9 "W[ASuY puISSUSNSUD DIIN

1 v1jofiop PIINL
QWRU OYNUIIOG

(ponunuoo) | ajqey



23

Introduction

(ponunuod)

(dz102-L002)
aued(d ‘(086 1) UL UIp UBA pue
asY0Q “(8007) 'Te 12 Sunpekeirmiopn

(S007) uurwapIg
(€002) PIYOYdS

(€002) PIRYOYdS

(€002) PIYOYdS “(0661)
e[O122e] ‘(TL6T) 241D (8961) Joudn

(€002) PISYOYdS

(FL61) 19ys “(8961) Joudn

(0661) P1d

(0661) e[o138A “(0661) PIIg
(2102) erpadoyim

(2102) e1padiiipm (€007—T661) Ui
(0661) e[o10%E
‘(9L61) BYRURL (9¢61) Asaouex

(0661) PIg “(#L61) UOISULLIRH

UQ)BI SIOMO[]
synds 10)31q SULINOARY 0 PIsn SIOMO[]
QAOQE SB Pasn SIOMO[]

9A0QE SE PIsn SIOMO]

SYULIp O1[0Y0d[e

pue SYULIp 1J0s SULINOAR] J0J AJ[RIOIOUIIOD Pasn
s1 sdo) SULTOMOY ) WIOIJ PAALIdP [0 [BIIUISSS UY

-90mn[ 93uelo 10 1e3ns Y)Im pIpuLids 193Inq Ul paLIy

SIOMO[J {OPBUOWQ] PUE SBI) [BQIAY UI PIASN SIOMO[]

MO[2q SB Pasn SIOMO[]

PaY00D 10 MBI UJLD SIOMO[]

sn3eredse

Y[ Pasn pue PIAY00d WIA)S FULIOMO[,] "TULINOARY
B SB Pasn pue paysnId ‘paLIp 9q OS[e Ued pue mel
SNOIOI[AP I8 KA, "PIY00D IO MBI UJEd SIOMO,]
ojejod Joams & oI payeq o sn3eredse

Y1 payjood pue paddoyd swals Jurremop Junox
QAOQE S

snSeredse aYI] pasn pue payood WS SULIIMO[]
"POMAYD [[oM 9q 0) POJU puE [eNuEISqNS KIoA

QIB SIOMO ) ‘QInx9) Ayounid dsuo y "Junmnoaey
B SB PASN pue paysnId ‘paLIp 9q OS[e UBD PUB ‘Mel
SNOIOI[AP AIe KA, ‘P00 JO MBI USJEd SIOMOL]
sarqfol ur

Pasn IO MBI U21Bd SIOMOY ‘PO0J 10J PI[10q SIOMO[]
QA0QE SV

suonng

UBNYIAZS ‘WUR[d AYOBYIOQ], ‘SSAID) BIed
(T1zeag) odure) o

R[ROIRIA] “B[QORIA ‘Opaled v WLIOJ[Y
(osouedef)

NOS-LISONON MOLIBX 9SAUIYD)

JIOA\-9ZAUS I8 ‘MO -9Z30US

Jeo]-puesnoyJ, ‘pusLy] s JISIp[OS
1I0MIZI3US ‘MOLIRX UOWWOD)

[TOJIIN

d[pue) s,pIo InQ
©OONL

J[pooN S Wwepy

©oonx aAeloj
BOONJ JROT-PASIM],

BOONX SNO[NPUSJ BIINX JEI[AIND)

©o0oNx dAeloJ
1033e( ysiuedg Jouokeq ysiuedg

uasuef "Ny (1) paov.L2]0 D]JPWIY
0d

(‘wre) sap1o124m0s 2U12048Yy2Y
1 vurdpp

DIJIIYOY = "qap] DOLIQIS DI|IYIY
[owroy X7

xdny (PN porusd vajjiydy

1 wnofayiiu vajIYOYy

Sumraxg (‘3uog)

s1pa.10q “dsqns T winjofaqiu
D211yoY = "Suog $1210q DI|JIYIY
QBIRIAISY

1], (‘o) 12ddiym voonfosadsagy
= 1107, 19]ddiym paong

~dds poonyg

‘MeH vp1oovyf
DIONJ = PIRUId DUDIJIDULS DIIN

SAIZUQ X3 [Z0Y D4231P1YdSs DIINY
Q[eayoS njod1dns PIINL

‘wegug

(:qSITeS) D1]0fiAINIaL “TeA DSOLI0]S
DI = "qSI[eS DIJOf1AINI2L DIINL
SAIZUQ X2 [20Y P4231P1YOSs
pIONY = *SIeS SISUIADYOU DIIN]
"[QIL, 2DIUDUILLIDY DIIN]



Introduction

24

(6000)

Jouuo)) O pue uewIMN ‘(6661) SUBAT
pue a[epIopne  ‘(L661) ustred (0661)
B[O100R] *(0861) WONILT “(L861)
qquD pue qqu) (zL61) MOUpoH

(0661) BIO1RA (TLO1) NOUPIH

(0661) elo10R
(0861) WodNIRT (1L61) 2ASHD

(5T102-L00T) ueaq
(¥861) [[unyy
(¥861) 1>unyy

(0661) e[ot098]
‘(IL6T) 9ASLD (8S61) ‘T8 19p[RUI]

(ST10T-L00T) uvad

(0661)

©01008] ‘(1L61) 941D “(8961) Joudn
(T102) ‘12 9 doy

(0002) $11290Y

“(0661) BIO1O9R ‘(16 1) UOIuLLIEH

(0002) SH990Y “(0661) BlO1OR

(6007) Iouuo) O pue UBWMIN
(1107) umoxg “(0661) BIO1OR]

(9¢61) Aysaouex
wooﬁv.ﬁo’«om

s1odes 103 9)mmsqns se pasn

Te3oulA ur paatasald ‘spefes pue sdnos ‘sayormpues
UT U9Jed Spnq JOMO[ ‘spefes ur udjea syejod

puB 19MO[,] "Saed uo ystured s[ejod 1o pazif[eIsk1o
‘peres ‘sudaI3 JO 20N)IA] YIIM UJB SIOMO[]

uded
yd 1ouur pue pofead s)[e)s JoMop aInjeuruur 3unox

QAIASUOD 10J pasn s[eIdd 1Mo

SO[qBI9SAA PAYOOD SE UL Y[BIS JOMO[]
)LD SIOMO[]
UQJBD SIOMO[]

89} ojur pada9)s 10 199q 03 pappe sdoy Furomorg

©9) B OyRW
0} 10 SUTUOSEaS St Pasn aq ULd SPeay JoMOp YL,

SOUSIp yonp pue
35003 JO ssaursseId 19)unod 0} pasn sdoj Surromory

J[qIPe SIOMO[]
sn3eredse se payood

10 SPE[BS Pass0) Ul MEI Ud)B3 Y[BIS JOMO[ JO I
UOTO9JU0D OJUI dpew Jo qIaylod se pafioq
‘Spe[es passo) Ul MBI UdJed Y[e)S Jomoy Jo Yiid

1moaep o[dde jooms & 9ABY SIOMO[]
“£9) 0JUI POMAIQ PUB POOJ INOAR[J O} PISN JOMO[]

BISQUA[OJ UISISE (INOS Ul [I0 JNUOJ0D
3unuaos 10J pasn A3BI[0] PUE SIOMO[ JueISeL]

Sex9],
ur 93e10A2q Sk pasn sdoj SuLomop Jo uorsnjuy

S9SN J[qQIPI JOMO[]

JI0MasINIg ‘AsTe(] ani], ‘Aste(y
ueadoing ‘Asre(q ysisug ‘Asreq ‘Asreq
UMEBT UOWWOY) ‘ASTR(] UOWWIOD)
Iomopung

u03aI1Q) 900y Wes[eq Jes[MoLy
wnueIon)

JUIN Jeo] [qrd ‘GISH wes[eq
80091V ‘JeaT-91qIg ‘Areunso))
100y

wes[eq proye 100y wesreq 198ng
1I0MIR)S UBIIOY]

(esouedef) nyISoN-eIRMEY]

1I0M3NIN

110Ma3eS
UTRJUNOIA ‘UsSnIqaSes YA ‘1I0mages
Ke1D) 1I0Ma3BS MY O3S dLIIRI]

POOMULIOA
Aste( 9)uIon3IRIN
suoyng s1e3Fag Yooping Iasso|

0qon “Yooping 1LAID

J[ruourey))

MO ‘@[ruowrey)) ysIjsuy ‘o[ruourey))
uewioy ‘[ruowrey)) ‘vruowe))
POOMIIIYAN “PIaMIBOD)

‘PAdM MY PO -1EOSATIIY

paamIanrg

QueU Ie[NdBUIdA :OEEOO\QmM—wﬁm

1 stuuaaad s1710g
NN
(ysaing) vivu13os vYLOWDS]DG

T DINUDS]DG WNJIDUD],
= 'Jso(q Lolvw viuUvSIPG

NN DIPL0J]oP DZIYIOWDSIDY
BN SISUIDLOY 42ISY
WY SISU0IUDY AIISY

1 SUDSINA DISUILLY

NN DUDIDIAOPN] DISTUIILY

T WNIYIUISqD DISTUILLY
drg "yoag

("1 suaosagnf wmuayyuniK3.1y
puag (TITH) snutu wnioLy

1 vddp] wnoay

NV (1) 211q0u umjauapwvy)
= '] 2]1qOU SNUIYIUY

1 $ap102£U02 WNIDIIS Y

Ke10) "y ("DQ) PILL0po vjaUNIY =
zyuny| (Ae1D) V) DIDLOPO DAUNDY

QuIeu dYNUAIS

(ponunuoo) | ajqey



25

Introduction

(panunuoo)

(ez107) snowduouy ‘(z[0z) e 10 doy
(6007) Jouuo) O pue uewmaN ‘(0007)
$11990Y ‘(6661) SUBAH pue J[epiapne|
(S661) umog “(0661) vlorode]

(6002)

Iouuo)),O pue uewmN ‘(S007) nH
“(0661) vIo1092 “(9L61) BYeur], ‘(1L61)
oAdLD) (8961) Joudn “(9¢61) Aysaouex
(0661) elo192q (+861)

[ouny ‘(9L61) eeur], “(7L61) YOUPSH
(0661) 01998 “(+861) [ uUN

(0661) eIo199%] “(+861)

[ouny ‘(9L61) eeur], “(7L6T) YOUPSH

(0661) BIO19BA (8S61) T8 19 PRI

(1102)

doy pue ¥eo[N “(6007) fouuod,0

pue uewmaN ‘(100¢) 15T (0002
$11990Y ‘(6661) SUBAY pue d[epIopne |
‘(L661) usered “(€661) PUelED (0661)
e[o122% (8961) Joudn (0961) uesio
(0661) BIO1BA “(+861) [quNY]

(9¢61) Aysaouey

(PT102-L00T) dueag

(0661) B[o138] “(9¢6T) Aysaouex

soysIp ejsed pue s9)19[oWIO

‘spefes 1oA0 JulpuLIds 10§ 19JU0D JANOBIIE e
0} SIOMOJ} JOUJ0 Y3IM SUIXTU JOF [BAPT I8 STOMO[]
*SUOTIOQJUOD puk UNE[A3 ‘Te3ns FULINO[0d J0J

Pasn ‘SIOMOJ} 9Y) WO} PAUTLIqoO ST AP 2n[q [qIPd
uy "ysrures e 1o 9[qeIoSoA € se ‘Spefes ur pasn oq
Ued $JOIOY YSAIJ QUL ‘P00 JO MBI 9[qIPS SIOMO[]

©9) [eqQIY UL
pasn os[e pue sinanbi| pue 1e)ng ‘pearq Surnood
10 91m1Isqns UoIjJes se pasn spejad 1omop 1enrg

JAOQR S Pasn SIOMO[]

JAOQR S Pasn SIOMO[]

Amnsqns

yoyonIe 9qo[3 B Se pasn {Payyood peay SULIOMO[]
A 9[pAnd

0 JUUDI SB SALNUNOD JWOS Ul PIsn SIOMOY PALIQ
"PassaIp pue paj[es ‘pafioq ‘wd)s LMoY JO I
s3urppnd ‘sayed ‘asaoyo

‘sma)s ‘sdnos ‘9o11 INOARY pPuE INOJOD O AIMIISqNS
uo1jjes © se pasn pue s[ejad oy) woij paureiqo st
QAP MO[[A 9[qQIP2 UV "0J9 ‘PILISND ‘A1IND 9))[AWO
‘soyed ‘sdnos ur Suruoseas € se pasn dIe pue INOABY
PAIRIIUIOUOD dI0UI B dARY S[e1dd paLIp 9y], ‘Spe[es
0} pappe pue paddoyo are stejad ysaiy (orj0o0d
‘SYULIp ‘@ones ‘1o1nq ‘dnos ‘pe[es ur pasn SIOMO[]
papyoid speay Jomo[]

Sexa,

ur 93e10A9q St pasn sdoj Surromoy Jo uorsnjuy
Saysip

Jo KjaLIBA © 0] pappe 9q ued pue Suryjood J[ym
INOARY I19Y) p[oy Aay) ‘pe[es I0J JUI[[AIXS SWOosso[g

SpPO0J SUIUOSEAs J0J PIsn SIOMO[]

IOMO[A TueAD) ‘OpyoIsuny
IOMO[ 2IdTuuoINOg ‘d[30gan[g
‘uonng s Jo[dyoeg IOMOPUIOD)

uoIjjes
as[e,] uoIpyes s 19K ‘ToMopJes

apSIYL, durae)
QISIYL, QUILIE) SSA[W)S

psIYL durpe)

NSy SUIPPON “ONSTYL SN

PIOSIIRIA $,320d ‘PIOSIIBI
ys1Sug ‘poSLIBIN 104 ‘B[NpUdE)
PIOSLIEI PIaL]

syonIe3dog s, mo[a3rg

syonIre3dog AIre ‘so[paoN Agionng
o1, s, 18339 ‘so[paaN ystueds

Jeo]

QIAT PoAF-UQ2ID) ‘SAAIUIAID) JeoAIA]
IOMO[] 2180001 ‘ASTR(T 21B[0007)D)

1 SNUPLI P2UNDIUIY)

" SN1L0JOUL) SMUUDYIID))

" SUDSNA DUILIDY)
"1 $1JMPID DUILIDY)

TV pHoftypov vutgw)

T SuvInu SNNpIv)

1 sypuidLffo vmpuagn)
T CIIIRA) S1SUAUD DINPUI]D))
K10y 'y n40j281q suapig

04 (1) vqpv suapig

‘pueg vini] vadIpuUv]Idg



Introduction

26

(21027) T8 30 doy

(6661) sueaq pue depiopne (0661)
B[O109% “(LL6T) LD (9L61) BYeUR],

(97107) snowAuouy
‘(6007) Iouuo) O pue UBWMIN

(0661) BlO10B] (9L61) BYRUR],

(T107) ‘Te 10 doy

(6007) 1ouuo), O pue uewMIN (0002)
$11990Y “(000T) PRMPOOM “(6661)
SuBAF pue 9[epIropne] ‘($661) y3iog
usp uea pue ynse ‘(0661) BIOIOR]
“(9L61) exeurL, ‘($L61) uoISuLLIEH

(9661) WS
-uojuady pue aruing ‘(€661) puelen

(0661)

2[O19] “(9L6T) UOMOIA (896T) Joudn
(6002) 10uu0),0

pue uewmaN ‘(6661) Sueaq pue
o[ep1apneT (0661) BIOTO®] “(L66T)
ysereq (£661) PUBLIRD (1L61) 9A9LID

(0661) Blot0oR
SQOURIJOY

9[qIPa SIOMO[]
©9) OIfRWIOIE UB ¢ NTUR), OJUI PIMAI]

srered 1omor] "sdnos 03 pappe 10 patp ‘papyord
‘emndwo) se paredaid os[e s1omo[,] "oones Aos pue
IeSQUIA ()IM PAUOSEIS PUB NJO) PUB YSY YIIM SpE[es
SB PIAIAS PI[I0] SPEAY IOMOY PUE SIABI] S[QIPH
1SBAIq UAOIYO B UT PAJFNIS IO YSY YA JUSWIPUOD
Se pue pefes ul pasn os[e a1e Aay ], ‘s1odeo

QI Pasn pue pajeuLIewW 2q Ued s1amop pauadoun

Je3ourA ur papyord speay 1omorq

AqIPo SIOMO[

uede ur sejod oY) WoOI opew ST JWUNYLY, St UM0uYy
opyord JueiSely v 'Se9) Ul Pasn pue paLIp 1o ‘Ysy
Im uged pue sopyd1d Jo sdnos ‘spefes 0) pappe
pue AQoriq payoue[q ‘Ysaij pasn ore sfejod SIOMO[]

S83) [8QIOY UT Pasn SIOMO]
Ansnpur pooj 10J [10 [eNUIsSsSo

JO 22IN0S ® “JA'Q"( pUe 2undIpauayg ‘zia sadK)
youalq 2y} Jo sinanbi| ouy SuLnoAey 10J pasn os[e
“80) OIRWIOIE Uk OJUT PIMAIQ SPLay JOMO PaLI(

©9) TeqIoy UI pasn ‘uredg
ur 119US JNOABY 0} Pasn SIOMO[) PILIP IO Sl

Spe[es 0} pappe ‘mel ud)ed sjerod Jomor]

SOSN 9[QIP JOMO[]

MOJIOAD]

WNA UapIen) ApIeH ‘WNWYuesAIy)
JSLIO[] ‘Wwnwayues£1y)

Aste 24oxQ

(ystueds) efruezuey Jueld STYUM
‘o[ddy punoin) 1918y IuIp ‘Asreq
IOYIOA ‘WNWAYIUBSAIYD) JOYIOIA

Aste 9)uIon3IRIN

Aste@ umor)) ‘susarn) Kang-doy)
‘wNLIRUOIO)) WNWAYIUesAIyD) 9[qIpg
‘SUAID) WNLIBUOIOD) WNWAYIUBSAIYD)

‘wnwayluesK1y) pueren
Q[Iuowrey)) ueLIRIUNE

‘Quuowrey) PlIp ‘PIOMARI PAIUddS
‘QrIuowre)) ‘orruowrey)) UBULIdN

S[uourey))
ueLreSuny ‘o[ruowey)) Uap[on

S[uouwrey) Mo

‘orddy punoin ‘orrurowre)) uopien)
‘Quuiowrey)) ‘vrrurowre)) uLWOY
paamdeus] uowrwo)

‘poamdeuy] 195597 ‘poamdeuy] yoerg

QWERU JB[NJRUIOA UOWWOI/YSI[Suyg

dirg yog
(-7) wmuaygand wngaovuny = S19J
(*1) wnuaypavd wnuayyunsiy)

Jewey

wmijofiLou WmuayIunsEIy)
‘wer|

(‘TI1RA) 24081nA wnmuayups£iy)
= "] WNYIUDIN] WNUYIUDSKIY D)

T wWnIpul WY IuDSK1y)

drg "yog
("1) suaosammif wnuayupi 3.0y
= "1 Sua2sanLf wnuayiuns£ay)

T WNLIDUOL0D WNUIYIUDSLAY D)
1 pjjUOwIDYd

DLDILID Y = 1IYISNey

("1 prnd24 DIjIUOWDY )

“dig
YoS ("PROTY) DaUND DIIDILID A
= AeID) [ P2UND D]JIUIOWDY)

v (1) 211qou winjowavwiny )

"1 DASIU D2UNDIUIY)

QUIRU JYTUAIOS

(ponunuoo) | 3jqey



27

Introduction

(panunuoo)
(9007) Te 10 Touty,

(L861) 1ems

(0661)

ejorooeq (L861) QqUID pue qqur)
“($861) 1UN “(LLGT) 9T ‘($L61)
UOJSULLIEH ‘(8S61) T8 10 P[euIa]

(0661) B[O1B] “(9L61) BYRUR],

(0661) BIO1B] “(+L61) UOISULIEH
(1L61) 9A91D “(8S61) T8 10 purUIag

(0661) e[o109.]

(0661) elo19E]

‘($861) [ouny “(7L61) OHPaH

(0661)

eporoeq ‘(1861) HouneT (8961) Joudn

(6007) Iouuo), O pue UBWMIN (L00T)
YSnomOd (000) sHRQ0Y “(6661)
SueAH pue S[epIapneT (9661) YIS
-uojuad pue aruing ‘(0661) BIO1OR]
(0861) WodNIRT (8S61) T8 19 P[eUId]

(9¢61) Aysaouexy

(0007) PIeMpoOM “(+661) USIteg
udp ueA pue pnse( ‘(0661) BIO10R]

(9¥61) Peay

Ansnpur pooj oY) J0J SPIOUJOIED JO A0INOS S[BIJ
MNISqNS 9YOYO1IE 9GO B S PISN UAQ IAEBY

‘uado s19MO[) AU 210Joq PASIAIRY ‘SPEAY JOMO[]
Supyew 9592y 103 Y[

SUIpIND UT JOUUAI JOF 9JMIISQNS SE PISn JOMOY PILIP
‘u9Jed SY[)S JOMO SUnoA ‘OYoyonIe AYI| PIAISS pue
Payo09 a[o.1dasar ‘uages speay] Jomop pauadoun

RISV ISEBH UI P[ES Ul Pasn IO PaLly SPeay Jomo[]
so[qe1oSeA Se PafIoq JO pefes Ul udjed Sy[els JOMO[]

SPe[ES Ul Pasi IO PALI) AIe SPLay JOMO[ Y[,
amnsqns
MOYO1IIE 9QO[S € SE Pasn payoood Spnq JMO[]

SO[qe1259A SB UJBd PUB PI[I0 Y[BIS JOMO[]

SYULIp

0] POppe puE SaqNd 1 UI USZOIJ dAIIORIIIR JOO[
swoo[q paydld "PAPAId 9q ued Spnq Jomoy J[Iym
‘Spe[es 0] UONIPPE 9AT}EIOOAP € AYEW pue JNOARY
20NY19] PIIW & 9ARY SIOMOY Ysaif oy, ‘papyord Jo
sa1j ‘spefes Ul pasn 9q ued s1omop s3uippnd pue
SOYED 9JBI009P 0} PIsh pue PIZI[LISAIO SIOMOYJ anfg

OJIX]A MAN UI J[ES [)IM UJB SPNQ IOMO[,]

wnwoyuesA1yD) ISLO] J0J Se pas)

sdnos ur u9es SIOMO[ pue SIABI[ BUIYD) U]

I9)JSY UBDIXJJA ‘SOWSO)) UapIen)

ANSIYL PIsSAE

IMISIY L, uowwo)) sy, readg

(esouede() Tuezy BIRYON

SpsIYL
dwremg ueadoiny ‘@pSIy[, ysIeN

(esouede() Tuezy BIRYON
apsIyL, A[oom

APSIYL, urIpRUR)

K1020N§ “QATpUH ‘OTYOIppRY ‘A10014D)

ysniquqqey se[snoq

WNLIDUOL0D WNUIYIUDSKAYD) 99

wmnijofiLouw WmuayIuUpsLIYy) 99§

‘AeD) smpuuidlq souso)

1 SnIOIPAUIG SN

‘U9, (‘T1ARS) 24D INA WNISA1)
‘wnsie (‘ABS 29 "youeL])
wnj{ydod1jo wnisa1) = “WnsjeN
(‘ARS 29 "UOURL]) 2DYDUD] WINISAI))
‘doog

X9°$S0D) (*) 243snppd winisai)
‘wnsien (‘AeS

29 youel) wnjjkydosno wnisii)

*doog (1) win.toydoria wnisai)

doog (") asuaaup wnisai)

1 snqAyur winiioyo1)

pledq ‘T'D pue

WOSAN "T'D (SUAAID)) S11UUISUOD
“dsqns vsoasnpu vLWDILIT

= QUQID) S1ULUOD SNUUIDYIOSKAYD)
] WNLIDUOL0D

wimuayuvs£iy) = Kreq

“H'1 wnsoyvds wmuayjups£ayy)
Jewey

wWN1jofi1out WnudYIuUDSLIy)

= QUIqES SUIULS WNMUIYIUDSLLYD)



Introduction

28

(S002) nH

0661)
BIOIOOB] “($861) [uny (8961) Joudn

(6002) 1ouuo),O pue uBWMIN (0661)
B[0109%] (8961) Joudn “(9161) Peay
(0000) s112q0Y

(0007) $11990Y “(TL61) YOHPSH
(0661) B[O10B] ‘(H861) [9uny

(0007) s112q0Y

(S002) nH
(6861) MO *(q ‘By661) YSIog Up UBA

(0661) BIO10BA “(£L61) HIOM

(6007) 10uuo), O pue uewmaN “(0007)
11990y ‘(q ‘Bp661) USIOE UOP UBA
(0661) BI01%] (6861) MOT (L861)
qquD pue qquD (7L61) OHPIH

(2107) ryreduy, pue wnuwng

(T10T *T107) T2 12 uoostey]
SAAUAIRJY

SBO) [BQIAY UI PISn SIMOY PALI(T

Ie3aula ur papyoid are speay Jomop Y],

sdnos 0y pappe 10 paup ‘papyord

‘emduwe) se paredaxd oq osye ued Ay, ~oones vA0s
10 IeZUIA [)IM PAUOSEIS PUB NJO) YIIM PE[eS B St
PaAIas pue patogled are spejad 10 speay Jomop Y],
JA0Qe Se pas()

peaiq eIjyep pue ojewo) parpuns ‘dip

BI[UEP PUB 9SO ‘WBAID ‘SPE[S Ul PIsn SIOMO[]
spe[es ur pasn a1e s[ejad Jomop YL,

peaIq BI[YEP PUB 0JBWIO) PILIpUNsS

‘dIp eI[yep ‘9S09UD ‘WEBID ‘SPE[ES UT Pasn SIOMO[]
JOUURI 10 IMNSqns

st pasn peay Jomol pauadoun Jo a1oeldadar

Aysor "so[qe1adaa se pasn opoeidodar Sunok

pue emides oy jo (sjorIq [eronjoaur) sarre[jAyd

Jo uoniod Aysop [eseq ‘pawedls spnq Jomof]
Joyun(

pauajeams Jo pury e ‘ader 3une[n3eod ur jouual

SB Pasn SIOMOY PIdIP 3] ‘0dJ0I0JA U] “M)s dul3ue)
rendod e jo uoneredaid ur pasn opovidasar omor]
dip ooyonte 9Iny3oA pue Jurw YHrm aoydnIe
‘sayjoyonae papard papnyour saysip dwog ‘[esniiog
Ul 95990 BIIdS Sunyew ul Jouual Ioj Aymnsqns

Se pasn SIOMO}) PALIp ‘pedy Jomoy pauadoun

Jo 91oe1dooar AYsap :pax00d ‘pawIeals saseq JOMO[]
erpuy

IndIUBJA] UT UDJBD SOOUQISAIOPUI PUE SJ00YS JUNOX

pefes ur pasn s19Mo[

S9SN [qIPI JOMO[]

(ssouryD) eng-nf

IQISEIAUIAN ‘WnWAyues£Iy))

WwnA uorysny) ‘wnp
ApIeH ‘WNJA UopIen ‘WNWIYIUBSAIYD)

eIyeq

pipuurd vy 3RS

el[yeq uspieD ‘elyedq

BIUE( patamolq

-o[3urs ‘Br[eyR( SMOR) ‘BIYRq

QISIY L, AYOYdIIY

‘OYONIY Ing ‘OOYIIIY 2qO[D)
(ystueds)

oduwre)) 9 BJOYILIY ‘BJOYIBI[Y
{(9son3mIog) eARIg-RIJOYORI[Y
OIS, OYOYDIIY “DYOYINIY PlIM

IpIe) ‘IunpIe)) ‘TopIe)

‘QuopIe)) ‘QISIYL, 9OyonIy ‘uoopied)
(andruey) uojejy remeH-Q ‘dwoy
uung ‘dwop uerpuy ‘dwof umorg
SOwso))

AYIPUOLY ‘SOWSOD) dSURIQ) ‘SOWSOD)
MO[[X ‘sowso)) Inydng ‘sowso))

QWIBU JR[NOBUIIA UOWWOd/YSI[TU

Jders (‘rswop)
wimsaa wnmuyiups£iy) = ury
(‘[SWRH) wnisaa PUAYIUDIPUI(]

LA
so (1) wno1pur DYIUDAPUI (]

‘weiry] (rewey)
WNLOYIPUDLS DUdYIUDAPUDI (]

“dds myyvq

‘AR vypuuld

pyyn( = "AeD) vasol PYD(
‘D) vivuuid vijyp(

"ARD) DaUIDI0D DIJYD(]

= 310g 10p ueA 1122401/ DIYDT

punp{imy
su22s2avyf ~dsqns snpnounpnd
UL = T Snukjoos pavul)

1 sy pavus)

1 snpnounpand pavul)

"1 vaoun! vrvIOL)

‘ARD) Snanydins soutso)

QuIeu dYNUAIDS

(ponunuod) | 3jqeL



29

Introduction

(panunuoo)

(L00T) Bury

(0007) s11290Y “(6661)

SuBAH pue d[epiopne ‘(L66]) ysereqg
(€661) puepren (0661) BIOTOIB]
‘($L61) uoISULLIRH (TL61) SOUPIH

(2107) 1yreduy, pue wouwng

(1002)

WSLM “($861) U (2L61) YOLPSH
(6002)

uewayA( pue seld (0661) B[o10de]
‘(L861) qquD pue qqud “(¥L61)
uojguLLiey ‘(8S61) ‘e 312 pleurog
(0661) B[O13BA “(TL61) NOUPIH
($661) 1eITY “(0661) elorooE]

(L861) 4quD pue qqu “(0861) YuLg
uap ueA pue asydQ (9961) [[Hng

(r661) reJrd

(L861) 9qUD pue qquD

(0000) s12q0Y

(9¢61) Aysaouex

(2100) erpedoyim “(S002) nH

9[qIpa partodar JOMO[,]

pasn aq ued s1omop puduado
Jo stered <1eSoura pue 101Inq YIIM SOYSILIE 9qO[
I POAISS PUB PAWIE)S T8 SPNq JoMOJ SUnNox

UQJEd 9IB SOOUQISAIOPUI pue S)0oys Sunox
syoyonIe 9qo[3 I P00

91qe1939A I9)J JY3NOS B ST I] "WBSNI[ UT S} Ieut
[890] 2y} UI P[OS SI ‘Spnq Jomop padofoadpun

s pue Sunok oy PIM ‘Wa)S JULIOMO[ YOIy oYL,

SMI)s pue

sdnos 03 pappe 10 ‘qroyiod e se ualed pue payood
IO MBI UJED SJ00YS SULIOMO] PUE WAJS ‘SOABI[ AL,
UQJEd 8IS JOMO]J JOpUL,

QOLI YIIM PAIIS PUB PAWERA]S 10
mel ua)ed doy Surromop ‘peay 20uddsaIOfuI SUNOL
QOLI YJIM PIAIIS PUB PIWELA)S JO
MeI Ued doj SuLIoMo] ‘peay 20UDSAIOPUT SUNOX

PIY00J IO MBI UdJed 9q UBD

‘s1omop pauadoun ayy Surpnpour ‘yueld ajoym ayJ,
PE[ES JINIJ UO[oW pue BadeuIydy ‘pealds eadeuryoq
KINOA®S UBIPUT UBDLIOWY ‘UOWQ[ JO 9Spom

© pue s[ejad BaoruIyo9 Ysaiy yim pjeIoddp (peaiq
paypeq) ouSeq Aued BIJRUIYIH APN[OUL SAYSIP JWOS

BUOZIIY Ul POOJ JOJ PUNOIS SPAas UL SIOMO[]

dnos jeowr

SYeUS YOIy © im XIw sjaiop ¢ nfemyn3, payed

ST SIOMOp WNWAYIUBSAIYD Y)IM PAINOAR]) SUIM 0L
BOIOY UI ‘B9) WNWAYIRUSLAIYD J0J PIsn $9LI0[ PILIP
‘Koeo1o[ap asaury)) [eroads 10 pasn sja1o e[y

1moqureurdo], ‘opddy yireq ‘oyoyoung
001UNG ‘@YOYINIY WaesnIaf

[OSeIIA
‘ToMOpung ‘IoMopung uouruo))

(andruey)
1qred BI9], ‘yoeurdg [011sa[0yD)

PSIYL S[QuIN, PRama[quIng, ‘[eS[en

B30SUI[BD) ‘PO

MOT[IX ‘PIA 0IB10{ “IAIP[OS Jue[[RD)
apsTYL MM o1dmg

Aste poomaiIr

PRaMAIL] ‘QISIY L, UOJAQD) ‘paamuIng
[eordoi], ‘peomarr uerfizerg

JI0M[1d

‘PRIMRIL] ‘pIoMUINg UBDLIOWY
ysniqiured s,eIo[ ‘OpsIy], mos ordimng
‘erpruy ‘ysnig suraeyg s prdn)
JOMO[] [9SSEL, POy JOMOp[asse], de[I']

100I3YRUS ‘BIORUIYIH TOMO[AU0)
qidmg ‘ramopeuo)) ojding urdseq

s3nquim], 119s9(J

(9saury)) ney nf ‘winjp uspren)
Apreq ‘wnwayiuesAIy)) sISLO[]

"1 snsodaqny SnyIup1aE

T snnuup Snyjuvi]oH

‘0 s1suappdou panudo)

" 1140J2U1N0) DI]2PUNL)

‘ARD) v.opfiaand p3osulpo)
YOUQOJN DSOJUIULO] $2I1]ID]DD)

"D X3 97 (JIoM.
X3 YUI]) DYOJiunLIaIDA $2]13Y045]

Jed (1) vijofiovaany sannyalg

"0 XD (1) viofiyouos vl

YoudoIN (*) vaund.ind paovuryorg
KelD) "y SU2282UnI P10
= AeID) "y 12232puniq v11021(]

ToAZ], (‘rewey)
wWn1jofilou DUWAYIUDIPUI(]



Introduction

30

(0661) BIO19R] “(9L61) BYRUR],

(€00T) PIYOYdS

(£002) PIYOYdS “(0661)

v[o100B] ‘($861) APTUny (8961) jouydn
(0661) v[o10R]

(8961) Joydn “(9¢61) Aysaouey

(0661) vlo0oR

(0661) vIo18A “(L861)
qquD pue qquD (7L61) OUPIH
‘(1L61) 9A9LD “(8S61T) T8 19 pleuta]

(9002) '[e 10 tout],

(€007) PIRYOYdS
‘(000¢) e1030U0I0Ig “(£661) PUBIED

(€00T) PIPYOYIS “(0661) BIO1OIR]
(0661) vlot0oR

(1861) 1ouneT *(8S61) T8 10 pleulod
(z661) uapIey

(0661) BIOTO9BA (9L6T) UOMON
SOOUAIRJY

JUSUWIIPUOD
© SB PIsn 10 9[qeI9ZT9A S Uded spnq JoMo[

JAOQE SB Pas()
sdnos pue sojorasseds

01 poppe pue paddoyd 10 SIONLI [eIO St PaLy

PUE PAIdEq SIOMO[,] "99NeS 989D JO Joyng Olres
)M PISSAIP ‘PAWEBI)S ‘PAYO0I UL SPLY] JOMO[]
OOTXAIN

MON] UI sueIpu] £q Jeow SUIUOSEAS J0J Pasn SIOMO[]
oyonte

9qO[3 © st pasn ‘payyood usjead spnq JIOMO[]

uoIpyes

Jo JueIoynpe Ue se pasn sired [eIof ‘sayoyonIe

QY1 UAJLD PUB PAYOOD PBIY JOMOY JO ISBQ UAAID)

Ansnpur pooj ay) 10J SPIOUSJOIELD JO IINOS S[BIOJ

©0) INOAR] 0] PAsN SIOMO[,] "SOLIJ-II)S PUL SI[OIISSEO
9[qe1959A ‘pE[ES 0} PAPPE ‘MBI USJBd SPeay JOMO[]
Ioyem J04

ur padad)s uaym ©a) pajuads ojddeourd uopjoS—sea)
[eQIOY 9w O} PAsn AIe SIOMO]) PILIP JO YSal]
*9[qqIu AISB) B ‘PAy00d JO MBI USJB SPeay JOMO[]
Sunyewr

QUIM QWOY UI UOT[opUEp I Pasn SPeay Jomo[.]
1911q A19A 1B A1) ¢(Pa 009 10

MEI) UJQI3 © SB Pasn 2q ued speay] Jomol pauadoun)
wng Surmayo pue SYULIP 3OS ‘SPo03 payeq ‘Ureard
901 ‘Apued Ul SINOABY JINIJ 9OUBYUD O} PIsn [10
[BIIUSS JO 20INOS B OS[E $BJ) JOJ PAsn SPEAY JoMO[]

S9SN A[qQIPI JOMO[]

100JSI[0)) J99M S JUBLD)
J00JSI[0D
WIYHON 100J$)[0D) 199M§ O1ITY

JOO0JSI[0D) 199MG J1dIY

‘InqIang d1oIy J00JSI[0D) 19IMS
Pa2aMYOUI)) ANISLIqAUBIA
“P2MNDIYY) ‘PIOSLILIAL P[OL]

NSIYL, U0NOD) UBLIAT[L

SN, OIP[RISH ‘SPSI], 91008
wnipodweoy

PIOD UOI[IA ‘ASTe(T Tonng
poamAeI

PAIUS ‘o[IuIowrey)) ueLreSuny
‘Sowey) plIa “druourey) anjg
Q[Iuowey) ‘9[IUOWERYD) UBUWLIID

PoamARIA OSI

‘oruuowrey) p[ip ‘poop ofddesurq
Asre 24g-x0

Q0NN Appord

Qreyowwy ‘yuefd A1y

QWIBU JE[NOBUISA UOWWO/YSI[SUF

TWEIY X9 IpIuyds

] snajuns18 ~dsqns svorodnl
$211SDJ9d = OUDRIA X2 IPIWYOS
snaqun318 1eA snowodpl $a115v19]

qQpAy sna.1oqad y sajsviag

S () SHp1SLY 21181
Ke1n) 'y pue ‘Areq vsoddpd s11954

1 wnorkyq wnpiodou()

" wnryupon wnpiodou(

Dd
(‘yory) wimporivarp wnipodun]a

1 DIIUOWDYD DLIDILID A
= 1] DIINI2L DLDILUD

REIR(OR |

("SS9T) $2P10LUDILDU DLIDILID
‘we |

('[ITeA) 24D na wnwayupona

] D]O1442S DINJOV ]

uo
‘D ((OY) wndp wnsCy1op

QuIeU OYNUAIDS

(penunuod) | 3jqel



31

Introduction

(panunuoo)

(S661)
umog “(0661) BO10R] (6861) M0

(0661) BIO19BA “(8S61) T8 19 PeuIg

(0661) BIO1O9R] ‘(FS61) umolg

(#861) 19Uy “($L61) Ioysn
(L661) Tepyde[eg
‘($861) Tuny “(L61) 19Usn

(¥861) Tuny

(¥861) [unyy

(¥861) 1Yuny “(9.61)
eyeuR], ‘(4L61) Joysn “(8961) youdn

(0661) eIo1098A ‘(+861)
[yUnS “(7L61) OUPAH ‘(8961) Joudn

(0661) BIO1IB] “(9¢61) AYsaouBx

(0661) BIO100E *(0861) JuLig USp UeA
pue 3SYOQ ‘(SL6T) FHAQMY pue UnIeN

(€002) PISYOYdS

(€002) PIYOYdS “(0661)
R[O100B] ‘(1861) [UNY “(9L61) BYRURL

(q ‘ep661)
y319g uap ueA ‘(0661) BIO1%] “(8L61)
se[3no (9L61) veue], ((8961) Joudn

ayoyonIe 2qo[3
NI POUIES)S JOPAYOO0D UIJB “POUILDIS SPNQ SIOMO[]

wng Surmayd se pasn sY[eIs JOMO[]

[10 INUOD09 SUNUADS JOJ PISN SIIMOY JuBIFel]

MBI USJBO SIOMO[]

spiaydays

pue uaIp[Iyd Aq MBI UJL (9158) 9JB[000Yd) e[mide)
MBI USJBD SIOMO[]

MBI U2)8d SIOMO]

9)e[000YD

JO JUQDS B QABY SIOMOJJ AU [, ‘MBI USJEd SIOMO[,]
)jorowo

[OUQI UI PIsn OS[Y "SPe[es 0] PIppe ‘Mel UdJed
SpPNQ IOMO[,] "UOIJJES 9JLIS}[NPE 0} PISN SIOMO[]

©2) OJUI PAMIQ SPeaY JOMO[]
PAWEB)S 10 PAYOOD ‘peles Ul MBI Ud)ed
soouodsasogur 3unok pue sdi) J0OYS ‘SABI[ FUNOX

QAOQE SB Pasn SIOMO[]

sdnos pue so[o1assed 0} pappe pue paddoyo

1O SIONLIJ [BIO] SB PAL PUEB PAId)eq SIOMO[ "ones
95990 10 1o)INq JI[IeS YIIM PISSAIP puB PowIed)s
‘Pa[10q A1 SpNq JoMO[ pue SWa)S SULIOMOL]

uede[ ur JUSWIPUOD puUL A[qeIATA

e se paziid a1e pue 9)se) 9[qeaaiSe Inqg 1)1q
ApysSTs e aary spnq 19mo[ ‘sdnos pue So[01dssLd
0) pappe pue paddoyd 10 S19N1LI [RIOY SE PaLly pue
PaIaNeq SIOMO[] "9dNEs 959D 10 1)Inq JI[Ies yim
PaSSAIP pUB PAWEA)S ‘PIYO0I UL SPLAY JOMO[]

SPSIYL

PaIeSaLIEA “ONISIYL, [T PASSA[g
PIIMUISOY

queq ssedwo)) ‘Tomor sseduo)
(esouedef) TwOWEN-]A-TYSNYSN],
*(31021D) 1[0 [0 “(9sAUID)
oBY URIX IX ‘pIeag UMOID) MO[[X
‘QIOH BIY03qsaTaIS ‘pasp Aons

(ueI[e)]) BULIAYIONTZ BIQUOZIOOS

(092010]N)) eWR], ‘ZID-T
sse1n) s 1odIA [eIuRLIO

(esaury)) 3uo)
BA NO) SUSJA ssein) s 12dIA ueroSuo

(uerueqy) aysoping I0UOZIONS

jue[d 191SKQ ystued§ ‘BI9U0ZIOOS
‘ST, uapropn ‘Ajisfeg ysruedg
JeH URDIXJJA ‘TOMO] dUu0D)
BaYON[ URIpU] ‘peamioydure))

ueipuy ‘oueqes[ uerpujy

J00JSI[0D) 199M S JEA[MOITY

mqionng ‘Ienng ewied

IngIloyng ‘100JS3[0)) 199MS

‘uleen) () wnuvLww wngijig

Y winov] wniydjig

1 SYDIUILIO DIYIIGSISIS

SIRIN (1DQ) PSoI]ap
“dsqns vipgnpun D4aUO21098

[UBA PIDINPpUN DADUOZI0IS
*0 vsoddpd p.12u02.1008

WX DI1JOSUOU DIIUO2AI0IS
qarg ‘N S1jjout DA2UO2ZL0IS

1 snowndsiy smukjoog
‘[PUB]S pUB UOJOOA

(‘NN) pLafiuun]od ppiquvY
$S9T (1) vorpur vayonyg

Keln
v (ysing) smminsos sansviag

Ke1ny "y (uoiy) smpuijpd sa1150194

‘WIXBIA (-0onZ
29 "p10qa1s) snomodnl sansviag



Introduction

32

(8210T-L007T) dueaq “(z107) Te ¥ doy
‘(6661) sueAg pue a[epIopne (0661)
©B[O1008] “(9L61) UOMOIN ‘($861) [ uny]

(8210T-L00T) 2ueaq ‘(110T)
umorg “(0661) BIO1ORS “(ZL61) MOHUPOH

(82107-L007) dueaq
“(T10T 1102) 'Te 32 uoosiey “(6007)
Iouuo) O pue uewWMAN “(4007) [IHURD

(8210T-L007) 2ueaQq
“(6007) Iouuo),) pue UBWMIN
(L661) ysered “(0661) elorooe]

(010T) e[ ‘($661) OAEW0Y

(Y661) ofyuewaoy

(8002) T8 10
SunpeAeimion ‘($661) 0AuBwIoOy

“(0861) JUHE USP UBA PUE 3SYIQ

(0000) sHRq0y
(€002) PIPYOYdS

(0661) BIO19BA (8S61) T8 19 PlRUIg
(€£007) PIRYOYdS

(€002) P1PYOYdS *(0007) SHRqOY
SOOUAIRJY

959970 puUe 19))nq J0J SULINOJ0D SE IO UOIIFes
JO JUBISYNPE SB POAISS SIOMO]] PILIP ‘ysIures
‘9) [eQIAY ‘peles ‘YuLIp SUIYSaIJaI Ul Pasn SIdMO[]

USTUIeS pe[es Ul Pasn 8a) PAINOARY-ISTUER OJUT
pamaIq speay SULIOMO] ‘YsTuIeS ‘ed) [eqIoy ‘pe[es
SIOMO[J U) WO

Pa1oRIIXd UIAIN] JULINO[0D POO] A1 1YSI[ Ul paLy
o ystuIes pue eo) [eqIoy ‘pees Ul pasn SIOMO[]
©3) [2QIAY OJUT SpBW

pue SouIM pue S)IdSSIP 0) PIppe 10 ‘SaYdIMpuUeRs
pue spefes ur ‘ystures se A[3urreds pasn SIOMO[]

A1Ind 0) pappe 10
P[10q ‘MBI USJB2 aIe SPEaY JOMO[J PUB SIABI] SUNOL

pafioq
1O MBI U)BJ OB SPBAY| JOMO]) PUB SIABI] SUNOK

POMaYD SIOMOL “Pa[Ioq

‘MBI UQJBI QI SPeay JOMO[J PUB SABI[ SUNOx

©3) Sunjew pue

UONERIOdIP JOJ PAsn 9q Ued ‘MBI [QIPS SPOIUIP[OD)
SIOMO[ POIUIP[OD) URIPEUR)) JOJ SB PAsn SIOMO[]

£9) MOIq 0] PAsn SOABQ[ pue SIomof papuedxa Ay
9AOQE SE PIsn SIOMO[]

©9)

Sup{ew pue UONERIOIIP J0J PAsn oq UL ‘MBI J[qIPd
SpPOIUSP[OD) 'SYSNOp INOSIq pue pealq ‘sieyeq IONLJ
pue soyeoued 0} pappe 9q UBd SWOsSo[{ "SPUIq

©2) [8QIAY 0] PIPPE 10 25e1A3q J0J Padaa)s 1omo]

S9SN A[qQIPI JOMO[]

(Soredey,

‘ystuedg) oWy {ploFLIBIA
‘pIoSLRIA Jlem( ‘PIOSLIBIA YOUQIL]
QOBJA] 199M§ ‘UOTRIIR], SBXA],
‘pryooxedwa) ‘uoderre], ystueds
‘UOSRIIB], UBDIXIJA ‘PIOSLIBIAl JUIIA
UBDIXIJA] ‘UQOLID] ‘PIOSLIBIAl UBDIXIIA
(req)

Sueony oee(J {pIOTLIBIA UBIIXIA
‘PIOSLIBIA] 9912V ‘PIOSLIBIA] UBOLI}Y

POSLIEA
1ou31§ ou3IS ‘plOSLIBIA UOWT

(esoueder)
DIOPOWIYIIUUDS HBA *(1BY ) Jeelyy]
Yeyd ‘ueey :(9saury)) noy niN uif
$1omoT,] Jodg pojorued ‘ssa1) Asre(q

(esouryD)
noy[ nIN uif Suays oeyy ‘ueado|

ssaloeIed ‘Jue[d SYorYIO0],
‘AINIPION) ‘pOIUIPIOD)

ueadoing ‘poy s,UoIRY ‘POY UIP[OD)
POy uap[on 1se0)

poy

uop[oD) JueISeL] ‘POY USP[OD) 10IMS
POY USp[On) BpRUR)) UId)SIM

POIUAP[OD) YOO ‘POY UIP[OD) BpeUL))
QWIBU JE[NOBUISA UOWWO/YSI[SUF

1 vpmivd 21230

"ARD) DPIIN] §21280)]

1 v1oaLa hmnw%ﬁﬁ

] p1jofinuay s2325n]

uasuel Y (‘DA
X9 ‘[[eAr) vivpnoiuvd vjjouldy =

"0 X2 ‘11opM pivnoruvd sayun)ids

(sseD
"MS) DSOUISIIN DJJAULDY = AIOOIN
"H'V S1sua21pogni sayjunjidg

uosdrqiud (") pjjawon vajjrautvlg
= Kexmp (") pjjawow sayuvdg

" vaUnn3i1a 03vp1os
‘0 ppnyivds 03vp1og

UOILY DLOPO 03DP1OS
"0 vpida) 03vpijog

1 S1ISUIPPUDI 0SVP1OS

QuIeU OYNUAIDS

(penunuod) | 3jqel



33

Introduction

(ponunuod)

(€£00T—T661) U1g

(€£00T—T661) UIg

(€00T—T661) UIg
(€£00T—T661) U1g

(€£00T—T661) UIg
(€£00T—T661) U1g

(€00T-T661) U1od
(£00T-2661) U1od

(€£00T—T661) U1g

(€£007-2661) Ui
(£00T—T661) U1
(€£007-2661) uisd

(0661) B[O1OR] “(9L61) BYRUR],

(0661) e[o10%8] “(1L61) SALID
(L961) T09INOBI “(8S61) Te 1Op[BUI]

(0661) e[o18q “(8961) Joudn

(6661)
SUBA pue d[epiopne ‘(L661) yseieqg

SIONLIJ U Pasn 2q ued spnq
Iomop pauadoun 9], "Pay00d 0 MBI UL SIOMO[]

QAOQE SE Pasn SIOMO[]

9AOQE SE PAsn SIOMO]
9A0QE SE Pasn SIOMOL]

JAOQE SE PAsn SIOMO[]
QAOQE SB Pasn SIOMO[]

QAOQE SB Pasn SIOMO[]
9A0QE SB Pasn SIOMO[]

SIONLIJ UT Pasn 2q ued spnq Iomoy pauadoun ay,
SIOMOY U} WOoIJ

opeur s1 83} Juesea[d y 'SI9)LIJ Ul pasn oq UeDd spnq
Iomop pauadoun Y], "PaY00D IO MBI UL SIOMO[]
©9) pue

SIONLIJ U Pasn 2q ued spnq Jomoy pauadoun ay [,
SIOMOY ) WOI) dpeu

ST £9) Juesea[d y "Pay00d 0 MBI UL SIOMO[]

partogied 19)je U9ed SIOMO[]

sdoy

SULIOMO[J pUB SOABS[ o) WIOIJ 9PBU SI BI) PAINOARY
-UOWIQ[ JRYMAWOS I19)Iq Y “ysiuies € se pasn

10 UQJEd dIe pue InoAey anbrun € oAey s1omop Y],
samsed

UIBLI9O PUE QUIM UI ‘B9) UI PAsN SIOMO[ Pl
suyjnw pue 193nq

proSurew ‘ystures ‘e9) [qI9Y ‘peIES UI PISN SIOMO[]

9[eAOQQ N[UASSIJ
‘SO[BAOGQ SI[[INO] Y H[UIsSI]

uoIfepuR(J 9sAUIYD)

@1R)
OYIpeIOLIZY ‘BIWRIRIUQ ‘UOI[opUR(]
j00y-31g ‘uorapue( snidLD
(1I0BJA)) BAJAYO], ‘ABIYO],
‘eye)ayq], ‘UoI[opuR(] dATBN

uoI[opue( PadS-pay

UOI[opUE(] URISSNY ‘UOI[OPUR(T 12qqny
(esauedef) ododwreyrasuemyy

-oyre(J ‘uorjopue(] osoueder

(esoueder) ododuey, ojuey|

UOI[OpUR(] UBSOUWLIO]

(youa1) aiqeressag o NUISSId

(esoueder)
ododue] -eueqoIIYS ‘UOI[OPUB(] YA

suopng 1onrg ‘Asue],

HOMUIT
‘[T0JIYILI ‘MILIAYIBI,] ‘MIOJIOAD]

proSueA 1usis

‘Od CPIIA) Wnipaoqo wnovxvng,

“ZZRIN-"PURH
WNI1)0SUOU WNIDXDID],

‘ZZRIN-"PURH
UO21YLLO]DEIU WNIDXDAD],

-drg "yos xo

WWOY) WNIIUD]]2SVUL WNIDXDAD],
0d

('PIIIM\) WmIDS1420] WNIDXDAD],
urpoy] "q1 24y Svs-y0y wnovxniny

*Zp10Y] wnduodpl wnovxpIny
UQAS UNUL2GAY WNODXDID]

Zproy]
PUE TB)BN] 2SUIOPUOY WNIDXDID],

"SIy X2 Zproy|
pue 1exeN $1d2]0.1212Y WNnoXDID]

W] WNUDSOULIOf WNIDXDID],

‘ZZRIN-pURH (‘WAUIOH)
WINJIQDADSSIq WNIDXDAD],

IS[YR( WUNPIqID WNODXDAD]

T UDSINA WN2IPUD]

drg

yos (") wmuayrivd wnjaovuny
1 vijofinuay

§2J23p[ = "preq vIpusis saja3ny



Introduction

34

(T102-L00T) duea( “(0661) BlO10e]
‘(1861) MoutoneT  (8961) Joydn

(0661) Blo1ORA
‘(1861) MoUNET (86 1) I8 19 P[eUIS]

(ez100)
snow&uouy ‘(0661) elore] “(ZL61T)
YOUPAH ‘(1L61) 249110 “(8961) Joudn

(8661) UBWISOI “(0661) BOIORS

(0661)
B[O109R] “(+861) MUY “(yL61) 19USN

(0661) elot0oRA
(€£00T—T661) U1

(€00T—T661) U1

(6007) Touuo), O pue urwWMIN (€007)
PIRYOY2S “(000T) SH290Y “(6661)
SueAq pue d[epropne ‘(066]) B[Oy
“(L66T) Usered “(q ‘ey661) US1eg uap
ueA “(£661) PueeD ‘(yL61) uoiSurtiey
SOOURIOY

©9) ONJBWIOIE UB MAIQ 0) PISN 9q UBD SIOMO]J PILIP
PUE [SA1] {SWOSSO[q AY) WOIJ L 99 ULd dUIM

V 'Spe[es 0) INOAR d1jewoIe dATOUTISIP © Sunredur
InoAeyy paestue jueseald e aaey sqioyjod 1o sdnos ur
POY009 10 MEI UIJB SIOMOY SUNOA pue spnq Jomo[{
sn3eredse

Y] POAIAS PY0O0J SpNq pue SW)S SULIOMO[]
sn3eredse o)1 passaIp

puE P00 SY[EIS J9MO[ "Papord os[e sIomof]
"ystuIeS se Jo Spefes 0} pappe ‘MBI Ud)ed SIOMO[]
Q)JSB1IgYJE SII UI JUTW JO JUIY SNOIJI[P

e spredwr ‘swo)s SULIOMOY pue SOABI] PIALIP

1O USA1J 9Y} WOIJ dPBW SI BI] Y "UJL SPNq JOMO[]

SIOMOY PILIp pue
SOAEQ[ 9} WIOIJ SPeW SI £a) Y "USJed Spiq JOMOT,]

AIMNSqnNs ) I0J Pasn SIOMO[]

SIONLIJ UI pasn 9q Uued spnq

1omop pauadoun Y], ‘payo0d 10 MEI [QIPS SIOMO[]
B3) pue

SI9NLIJ Ul Pasn 2q ued spnq Jomoy pauadoun ayJ,
.0[qn&, 9¥ed dIqRIY Y} Ul JudIpaIdul

UE SB PIsn SIOMO[] "PIZI[[BISAIO 9qQ UBD SIOMO[]
"QUIM UOI[OpURP UL PAsn SIdMO[] "pefes uooeq pue
uoI[opuep "§'9 ‘spefes ‘SINILIY ‘sa)9[[owo ‘sayyeoued
UI U)B9 SIOMO[ "SWOOIYSNUI [SIOUI I Yonuu
9)sB) $19)INq UL PALIJ pUR INOJ UL PI[[OI SIOMO[J
uorjapue(] ‘sopoid poos ayyewr spnq uorApueq
*9[qIPA AIB SPNQ PUB SIOMO]J ‘SIABI[ FUNOX

SSN [QIP JOMO[,]

(youaLy)

Qug,(J -seqd ‘o3e[issn], )00JMoS
‘uo(q ueny| ‘JOOyasIOH J00JoSIOH
‘SJOOH ‘UBMOL) ‘J001ITUILD) ‘To3UID)
900J180, ‘peamAwun(g YooJ-oA0(J
410MY3N0D) 900JSI[0D) ‘QIOH-I[0D
‘5189 ‘paamAe[D 1004-S,[Ing
0008qO], YSILIg100JSSY 100JSI[0D)
UOON-1V-pog-OL-0D-3Jef
‘preag-s,1eon) Amoys ‘AJIs|eS MOpea
PIeagsIeon) ‘Ie)S WIesSnIaf ‘IAISAQ
J[qe1a3aA “Jue[d I9SAQ ‘AJIS[eS
uowrwo)) ‘Ajisies oiding ‘Ajisres

PEAIIUAIN) ‘B, IUNZ ‘B,
oleaeN ‘ea, Idoy ‘ea[, uerpuy ‘ejo)

PeAIYIUID) ‘B, TUNZ ‘B,
oleaeN ‘eaT, Idoj ‘ea[, uerpuy ‘ejo)

B9, oleaeN Amoys

(esoury)) urg Suon ndg 1 uerf

(esouedef) ododuey,

JNOUS S,9UIMS LIOp -IoUB))
‘POg-V-19M ‘PIF-V-99d “§00[0208]
‘Ireg-Pnd pue umor)-s,soLg
‘PBOH-SYUOIA ‘ASIB(] YSH] ‘Uemon)
-MO[[OX “YIMM-NITAL “HOMINUB)
‘Y00, S.UO0I'T ‘[[eqMO[g ‘UOT[apUEQ
wreu Hm~50.mEO> EOEEOU\Sm_—WCm

1 vavfavf osvpissny

1 s1suaivad uododosv.af

1 smijofitiod uo3ododn.y,

azyuny (‘Suaxdg)
wndtupjodpdau vuLiadsajay
azyuny| (‘3uardg) wnoruvjodpSawu
putiadsajay | = Kein

v (10]) 2710048 uLiadsa)ay |
KeIn)

'V ("S00H) wnijofiy vutadsajay |

"SeIrS[ Wnd1UIS WNODXDAD],

Is[yeq wnd.woKippd wnopxvany,

qQRA\ 2]PU1Lffo WNODXDAD]

Queu dYnualds

(ponunuoo) | ajqey



35

Introduction

(panunuoo)

(0661) BI0O18A (TLOT) OUPIH
(S007) yoseaey]
(0661) BIO1OBA “(#861) [UN]

(eZ107) snowkuouy “(qz[0Z—L00T)
auedd ‘(6007) Jouuo),O pue UBWMIN

(3 °92102-L002)
auraq “(£00T) ‘T8 30 UBWpaLL]
(LO0T) T8 12 urwpaL]

(QZ10ZT—L00T) dued
(2102) T8 30 doy

(S861) Masereqood pue ueguedsuog

(0102) seoxf

(eZ107) snowkuouy (Z107) ‘Te 1o ddoy

(1100) Ineq

(S002) nH

(¥861) 12Uy “(9L61) vYRURL

JULIP AYI[-OPBUOW] B

ew 0) Pasn 9q OS[e Ued AT, "MEI 9[qIPS STOMO[]
9[qQIPa SIOMO[]

soones 0} pappe spnq Jomol.]

19znadde ue se oA19s pue 1In30A painoaey ur speyed
ooy dip 1o sayoImpues pue spefes ur ysiuies e se
srerad paddrus s ~a1n)x9) dsLo & pue 9)se) UOW|
JUS1[ SNOTOI[AP B 9ARY SIOMOY PAINO[0d APYSLIq Y],

peaids eruo3og aredard o) pasn ‘ysiured

SB 10 ‘PAZI[[BISAIO ‘Pe[es JINIJ Ul Pasn JOMO[]
J[qQIPa SIOMO[]

9[qQIPa SIOMO[]

J[qIPa SIOMO[]

9[qe195oA SE pasn Wa)s JUNOA pue SIOMO[]

A1mno

Ul ppe 10 20NeS I[[IYd YIIM JAIIS pue Suryoueq
Jo Surues)s Iojje usjed SIOMO] PUE $)JO0ys SUNOK

SYULIp P[OS Ul

PaJeO] IO Spe[es Ul YSIUIeS B se pasn ‘dAnoe)e Joo[
pUE SINOJOO AUBW UT QWO SIOMOJ 9[0YM IO STeIoq
©9)

INOAR]S 0) PASN JO SILIJ L)JOY, OIUI APEW SIOMO]

(BUOSUBI], SB PIsn SIIMO} pue J00ys

P00 UAEI SIOMO[]

ade1n Aoy uoda1Q
K1raqreg Auoy3oqy
oLPULINg, 931, ‘A11oqieq ueIpu] ‘BNIYD

rruo3og
snoroqn], puqAH “eruoSog snoroqny,

BIUOZOG XBM
eruo3og

BIIOZog XBA\
rruo3og ueIAljog

yoeurdg reqeey ‘yoeurdg uerpuy

yoeurdg reqeey ‘yoeurdg uerpuy

QIZZI']

Asng ‘suonjedwi] ‘wes[eq uapIen)
JON 2N

[onoJ, ‘uresjeg 950y ‘wes[eq uapien

paamymey asouedef

QUON

ysing wnijofinbo s112qiog =

NN (‘ysang) wnijofinbv vruoyvpy

‘[Tl SISUPDUDD S1U2QLDY
D DIDISUD S119q12g
JeooRpLIDQIog

SSOA DPLIqAYL2qN] X DIUOSIG

‘qQnyag pue NS 1 (DA'Y)
142)00Y “TeA DID]INOND PIUOTIY
= OOH Sua.ojf1aduias viuo3ag

401102 PIUOSG

PIIIA PID]NONI n1uosag
$1SUI1A1]0q DIUOSIG
BoOoRIUOZOg

1oqp
D]]asDg = ‘QXOY PLGNL D]]asDg

“10qIp v}josvg
Jeaoe[oseyq

"JOOH pup1ia)ipm suanpduly

" punuspq suaypdul]
QeooRUTWIES[RY

‘0 (1) vorodp! v18unog
TexeN (OunyeN)

DIJOfIUOP2YD SIIIXIDIDG = "WEITY]
("OuDYeIN) pi0fHUOpI2YD DISUNOL



Introduction

36

(T102) TOEsINSTe
“(8007) T8 10 [NeSIINSIEIA
(8007) 'T& 10 Sunpeeimiop

(9L61) eyeue],
(8661) UBWIO
(0661) o108

(9r61) peay

(S002) nH

(€002)

PIPYIOYdS “(SL6T) dpseD pue uekig
(£002) pregoyos

‘(SL61) apse) pue uekig

(0661) B[O13BA “(£00T) PIPYOYDS
(€002) PIRYOYIS

(£002) preyoyos

(€£002) PIRYOYIS

(€£002) PIRYOYIS

(€002) PIPYOYIS
(€002) PIPYOYdS
(€£002) PIPYOYdS
(€£002) PIPYOYdS
(€£002) PIPYOYdS

(€002) PIPYOYDS

SQOURIJOY

uajea SIamofq

JeWUBAA UT UJB SIOMOT]

POOJ 10J pasn SWOSSO[q Y],

P00 uajed spod Funok pue SIomol

J[ES PUE [I0 Y)IM UJES pUE Pa[Ioq

A[y3noioy) ‘paysem SIOMO[ PALIP IO YsalJ ‘eury)) uf

paLg-ms s1omoy ‘papyord spnq pauadouny

udJed suryIed Sunox

ud)ed SuryIed Sunox
9AOQE SE Pasn SIOMO[]
QAOQE SE Pasn SIOMO[]
JAOQE SB Pasn SIOMOT]
JAOQE SB Pasn SIOMOT,]
9A0QE St Pasn SIOMO]

JAOQE SB Pasn SIOMO[]

JAOQE SB Pasn SIOMOT]

JAOQE SB Pasn SIOMOT,]

JAOQE SB Pasn SIOMOT,]

JAOQE SB PIsn SIOMO[]

Mmel pa[qqru

10 “001ds ® se paropmod pue paup ‘sdnos 03 pappe
$INOAR[S 1ONNIQ B 9ARY POY00D JO MBI UL SUIYIR))

SOSN 9[QIP JOMO[]

(esourmg) ey, (1Y L) oy ey

(osouung)

nyey], $oo1], Jodwni], 9A0ISuBIA
MO[[IAA HISoQ

ed[ere) asoumy)

edeje)) esoury)

(asauryD)
nygs n1Q) ‘edyere) eury) yroN

yomg AN

YoIrg IA[IS
yoxrg 1odeq
yoIrg I9rep
yoag jremd
yoIig reuoy
yaIrg quisg

ISPV USID) UBOLIDWY
IOpIY UTBIUNOIA

1PV BIIS

9PV PoY

0PIV MNYM

I9pIY uogaI1Q

QWERU JB[NJRUIOA UOWWOI/YSI[Suyg

‘was (DA
‘[[BA\) DIDINLIZS 2UOLPUDYII]O(]

wnyos (1)

D22DYIDAS 2UIPUDYII]O(T = TS
(-3uaxdg) npaay. auoipuvydijoq
12MmS (‘ARD) Stpaui) sisdojiy)
uo(q ‘D 4o pdipip))

uo( ‘D vIvao vdipip)) =

"00ny7 pue ‘qaI§ Lafdwavy vdipip)

KN VD 128unq vdpin)
JeaoeruouIyg

‘yIyg suaosagnd vynjag

oy vinpuad vpnag
[reysIen v4afiiddnd vinjag
OOY S$1IDIU2P1220 DINI2g
] puvu vniag

SueAq "H'A\ PO10U2Y D]NI2g
XYOTIN pSopnpun)s vinjag
rang,

("uory) pdsiid sipriia snupy
NN pijofinuaj snupy

"qQpAy (‘TeSoY) vivnuls snupy
‘SuQ vagn snupy

NN vrjofiquioy.s snupy

PUOS2L0 SNUpY
Jeaoe[nlag

QUIRU JYTUAIOS

(ponunuoo) | 3jqey



37

Introduction

(panunuoo)

(0661) BIO1OIRA

(0661) B[O10B] ‘($861) [uny

(0661) ©[01098] (0861) WONIL]
(1661) M0

(8007) "Te 1o Sunpjedeinopm

(T107) an3yeyiog pue IYPIN

“(L00T) T2 12 Appay “(LO0T) Yelog pue
umed ‘(0861) YULg USP UBA pue 35400
(0T0Q) 'Te 3° uaryjeseuL)IEMIUOAN

(S861) Masereqood pue ue3ued3uod

(S861) 1asereqood pue uedued3uog

(0661) ©I01098A (TL6T) OUPSH

ysTuIes e se pasn Jo ‘[a0q Pe[es dy) 0} uonippe
QATIEIOOID PUE JUS[[AIXA UY "MEI USJEd SIOMO[]
sdnos p1oo pue joy pue Sulor ‘spreisno

‘surppnd ‘ejsed ‘SYULIp P[Od UT Pasn OS[e ‘Spefes
U213 Passo) pue 9[qeIa3aa ‘ojejod iy ‘poojeas
Surpn[oul ‘spefes Ul Ud)ed SIIMOY an|q pIzLid
ysrure3

© SE Pasn IO ‘[MOq pe[es ay) 0) UOTIIPPE SATBIOIdD
PUE JUS[[20XA UE AW ‘MBI UJJB SIOMO[]

PEJes UT UdJed SIOMO[,]

PUB[TRY], UT U)ED STOMO[]
Jyodad

[eques, se paredaid Ajfensn 9011 yiim payoooun
UQ)Bd dIe UM} oy} JO YIeq Y} PUE SIOMOY ‘SOABI]
SunoA o) ‘eAe[ U] "SO[qLIITOA SE UDJED PUB PIYOOD
QI SIOMO ) ‘WESSY pue Ysapeld BIYpUyY uf
9[qQIPa SIOMO[]

S9[qEIRZoA Sk PIY00D JIMIJ Sunok ‘SIOMO[

so[qelegoa
Sk pay00d ‘IonIq APYSII[S 91y SunoAk ‘sIomor

TewuekJA UI UQ)BI SIOMO[]

sso[3ng on[g

‘euraog en3ury ‘esnyouy ‘sso[sng
ystuedg ‘joueyo1() ‘a3eIog uowwo))
‘omopIel§ ‘on3uog, s,XO ‘pealq 29g
“Jouey[Y ‘BSNUOUY UOWWo)) ‘Jouey[y
uowwio)) ‘sso[3ng uowwo)) ‘Jouey[y

JON-IN-193104 2de)

sso3ng pIim
JouBy[Y ‘Sso[3ng UeI[e)] ‘BSnyouy

ysng yodey[

11og 211 ‘o011, dIng, ueoLyy

(9sowressy)

1[3uoog‘npojoy ‘soooure(g

JO 9317, ‘[OAIRIA] ABPPIIA ‘TOMO[]
jodwmniy, uerpuy ‘yueld seuog uayolg
QUIISB( 1], 91T, 10D UBIpU]

(reyL) Suey] Suey deys|

(Tey[,) uoyy ey ‘poomudIeY|

(esoumyD) NN
IOM OBJA UBN IX ‘(9sowng) em[UeIA

1 s1pu1dLffo psnyouy

‘quny, s1suadpo psnyouy

‘[IUA Pa4NZD DSNYdUY
Jeooeurserog

Youe[d MaSDLf wnuLi2dsojyoo))
JeooexIg

‘Aneaq vipnunduind vapoyindg

zIny] () wnoipul wnjkxos)
¥ SISU2110Y DIMOISUIIJIA
wWNyYIS " X9 ‘WIS

(C1reAn) vivpndiss DDy
doq ('uo "D Xd "[rem)
wmjjlydouapp vwsviydojdv gy
="} B|OOH pue “fpueg

Xg "waag (uoq "D XH ‘TeA)
wmpilydouapn vudvaydosaiopy
WS "[eAr) vivjndiys
DIUDYYIDJ = "} OOH Pue “auag
(‘Iremy) pivpndugs auodpunydijoq



Introduction

38

(0661) BIO19R
‘(1861) MouneT *(0861) WodyIe|

(0TT0T—L00T) dueaq

(€£002) PIPYOYDS

(€002) PIPYOYdS
(€£002) PIPYOYdS
(€£002) PIPYOYdS

(2107) erpadyip “(€002) PIeYoYos
(€£002) PIPYOYdS

(1Z10T-L007T) dueaQq

(0661) elo100RA
‘(TL61) MPHPSH “(LE6T) 191218

(0661) BlOTOR]
“(9L61) vyeuR], “(L861) QqHD PUB qqLD

(6007) Iouuo) O pue

uewmdN “(0007) SHRG0Y “(6661) SuBAT
pue S[ep1opne T (L661) ysered (€661)
pueED “(0661) BIO109B] ‘(#361)

PryD “(1861) MouUne (7L61) YOUPIH
SQOURIRJOY

Spe[eS PUB SYULIP JINIJ UT JUSWEBUIO
ue Se pasn A[Urew 2Ie pue aInjxo) SNoUI3e[ronur
pUE INOABY P[IW B JABY ‘MBI A[QIP SIOMO[]

SWIOSSO[Qq PAIPUED JUI[[IOXI AYEW puE
‘ystureS e Se pasn ‘spe[es 0} pappe oIe SWOosso[q

QAOQE SB Pasn SIOMO],]

QAOQE SB Pasn SIOMO[]
QAOQE SB Pasn SIOMOT,]
QAOQE SE PIsn SIOMOT]

JAOQE SB Pasn SIOMOT]
PEIeS 0] POpPE JO SYOBUS SB MBI UJBI SIOMO[]

Spe[es 0} Poppe PUE PAIPUEBD ATE SIOMO[]

SO[QBIOFA S USJRD SIOMO[]

UQJe 9IB SIOMO[]
SSQUIQAMS JO JUIY B ppE SUSWER)S A} PUE ISt}
JOqUINOND B 9ARY S[B)94 89} PAdl uo Suneoy pue
S9QNO 901 Ul UIZ3IJ J0J II0YD JUS[[QOXI U e
SIOMO[,] "aN[q Je3auIA INO[0d 0) pasn s[erad Jomor]
QUIM PUB JOPID ‘193q ‘(jodwod ‘yound) syurip
Iy owwns o) moaey jredwr sromor ‘Surppnd
puE SYBO “S1I3SSAP 31eI009p 03 10 sdnos ystureS 0)
Pasn JO Spe[es NIy pue 9[qeIaZoA Ul Pasn SIOMO[]

SOSN 9[QIP JOMO[]

JQUBY[Y ‘Sso[3ng USISIoAT
OUBY[Y UDID) ‘JOUBY[Y UAISIOAT

JON-OJN-19310,] POOAN ION-IN-19310.]

[19gon[g [[vL, ‘Hom3un [[eL

S[29eng

ysniqasdeg ‘s[eqang jea[suoiqQ
s[regan[g ves que[diaisLQ ‘JeoraIsAQ
s[[eqanig Suo' ‘s[reqenig [[eN
S[[eqon|g opIsweans

‘S[[eqang paSULL] [[EL, ‘[[F Ureiunojy
yom3unT uoaIQ ‘syfegen|g [nyuneag
sso[3ng s.1od1A ‘sso[3nqsradip
uowrwo)) ‘ssodng s 1odIp uowrwo))
‘peRMmIN[Y ‘PIIM dn[g OPSIYL

an|g ‘wnIyog dng TrAad dnfg
(Lpysueg) eyeIRWYSI[S *([IWe])
e[eYPP() ‘(IPUTH) BIOSET ‘U91S9QIS
9316 ‘u9Iseqas ‘wInq UBLIASSY
K1roy) Awrwe[)) ‘A110y)) uerpuy ‘oo1y,

owry paig ‘[ead Yuid ‘Auog onH
‘sa1qqoD) Anoug “oelueyy jueiser]

Iomopre)s ‘ogerog

QWERU JB[NJRUIOA UOWWOI/YSI[Suyg

‘yosney,
("1 suaaraaaduias s111013v1UdJ

WFOH X YIYH »oDAJAS S130S0K

zyuny wnmpppnound
sapoyuLIa)) = uo( ‘D

(uory) vipnoruvd vISudLII W
azyuny (‘NNN) vijofiduojqo
sapoyjuLIa)) = uo( ‘D

('naN) pofisuoqo visuariap
Ke10) (“) DLW DISUILID A
QUAAID) DLOY13UO] DISUILII
uoq o

("110], X9 SoWIe() DIVIJ10 DISUILII P
1odig vjj2q visuaria

T 2408 na wniyosg

1 vxAw DIPLOY)

"SI0 "D DULOJOYDIIP DIPLOD)

1 sypuidffo odviog

QUIRU JYTUAIOS

(ponunuoo) | 3jqey



39

Introduction

(panunuoo)

(0861) woxnfre|

(0861) wodyIe]
(6007) Iouuo) O pue uewMmaN (S00T)

nH ‘(GL6T) suowrs “(8961) youdn

(r661)
snadoxo], pue AeJ, ‘(086 ) WOIIe]

(0661) [01098A (0861) WONIE]

(2100) 19zney

(0007) Prempoom “(+661)
uroyeAdnsuem3es ‘(086 1) WO IR

(0661) BIO1B (8S61T) T8 19 PlRUI]
(£002) PI2YOY2S

(dZ1027-L007) dueaq

(PT10T-L00T) dueaq

(£002) PI2YOYdS

(x “nZ102-L00T) duead “(0661)
B[O100B ‘($861) [9UNY “(9L61) BYRUBL

(600T) uBWaYAQ pUE SeI[H

9A0QE SB Pasn SIOMO[]

Payooo
1O MBI UQJB? SW)S JULIOMOY JUNOA pPue SIOMO[]

PIY002 10 MBI U)Ed PedY JULIIMO]) dINJeuu]

UQJBI SIOMO[]
1]02901q 1] PIsh (P00 SWAS SULIDMOY INJeuu]
1911q APIYSI[S ST I "S[eowr

[)im Juofe 3nw e ur pawnsuod st dnos ayy pue

IS USAQ JOU ‘sqIoy AUB JNOIIM PI[I0Qq PUB PAUBI[O
are s1omop Ay, "dnos 9[qe1aSea & oyewr 0} pasn dre
Koy ¢AoeDI[op © QIB SIOMO 9Y) ‘BIpU] JSBAYMON U]

uQJed $J00YS pue sy[ess ‘sromop pauadoun pue uadQ
1[09501q 1] Y002 pue uado

SIOMO[J AU} 210Jaq PI)SAAIRY IL SWAIS SULIOMO]
9s00yd uesourred pue 1)Ng YIIM U)ed

pue pa[1oq o YsTuIes pefes se pasn spnq Jomo[{

peres ojuo apyurids 9[qIpe SIOMO[]
1oddad jo 31q & ppe 01 sdnos ur jeope
nd 10 spefes uo papuLIds 218 SIOMOY MO[[A 1YSIT

9590y uesowred pue 101Nq YIIM PIAIIS pue
I9)eM UI PI[10q JO ysiuteS pe[es se pasn aIe spng
InoAey

OYI[-SSAID B QABY PUE PAYOOD IO MBI UJED SIOMO[]

MBI Ued SI9MO[]

(esoueder) oyuNs)aS ‘(asaury))
11 Suepp B pIRISNIA paARYT-UIR[]

PIBISNIA] PO[IND)

IomopIne)

104D Yed ‘98eqqeD 9seury)
a8eqqe) uerurssAqy

(andruey) wesuey preIsnjy oL

uerT 1ey] ‘9[ey] 9sauIy)
SSQI0JONO0Y MOJ[OX ‘SSQIOIONIE
SSOIOIOIUIAM

UBDLIQWY ‘JOYO0IMO[[OX UBILIOW Y

USIPRIASION

aenboy ‘1e300y

SSQIONO0Y eYIRyOWEY]
ssa1D) Yooy aurdy

pIeISnA dI[IeD)

paoun{ ‘dsqns

paoun voisspig = Koqreq ‘H1
pso110f "1eA vaounl pI1SSvAg
paoun{ -dsqns

paoun{ voisspig = Kofreq ‘H1
p1]0f1ds140 “TeA paounl vIISSLIG
Iomopine) dnoi3 ‘Ad T paon.ajo
Do1SSDAG 7T S1LL10G “TeA DIIDLI]O
DOISSDAG = "W DI2LD DIISSDIG
104D yed dnoi3 ‘Ad ] ndp.
DOISSDAG = T SISUDUIYD DIISSDAG
unelgq 'y pIpuLIDI DIISSDAg

1 vdp.1
DOISSDAG = T S14JSadwpd PIISSDAY

qrey 9saury) dnoid

"AD " D2IDU2]0 DIIssPAG f(dnoin
eIQR[SOQ[Y) P2ID2]O DIISSDAG

= Ko[req "H'1 p4qp)Soqp vo1ssvig

ag Y SUDSNA DIUDGIDG

‘qQEpRT] SDL220YJL0 DoIDGIDY

"qIoyodS pue Ao
‘g “UMIRD) J DUDIISNL DIDDIOULLY

“ds ppnsay

ZeqQUayS-1V
pue auey[, O (‘1) ]
sisdopignay = ] vivad] s1qo4y

1 puidjp s1qoay

JpueID) pUR BIBARD)

('qarg ‘W) pivjonad vL1ly
QBIOBIISSRIG



Introduction

40

(€£00T—T661) U1

(6007) 10Uu0) O pue
ueWMAN ‘(6661) SUBAT pue d[epiopne|
‘(#661) UISSOA Top UBA “(0661) BIOTOR

(2107) peduy, pue wnuwny

‘(6007) Jouuo) O pue UBWMIN

“(7661) USSOA 19P UBA “(0661) BIO1OIR
(0861) WwodxIeT “(9L61) BYRUR],

(re61)
wioyeAdnsuem3es ‘(1661) WOIR

“(0661) BIOTOIBA “(LL61) eIy pue
yery] “(9L61) eyeuel, ‘(7L61) SIOPHIOH

(LL61) Wery] pue jyery “(0661) Blo10de]
(0661)

e[o1008] ‘(] L61) 2AMD (8961) Jouydn

(0661)

e[oroeq (9L61) eyeuEL ‘(8961) youdn

(0861) wooyIeT
(0861) wodyre|

(0861) wooye]

(0861) wooyIe]

(0861) wooyIe]
SQOURIRJOY

PaY002 10 MBI UJEI SJOOYS SULIOMOY SUNOX

Q0NES WEAID B YJIM IO UNEIS NE SB 9AIdS

‘pojeurrews ‘eandwd) se paredard ‘paoines ‘pawed)s
‘Pa10q ‘Spe[Es U MBI U)ED SPLay JOMO]J QINJew]
sdnos ojur opew ‘3urjes JUS[OOXS ANEW SY[EIS
Jomoy ¢+039 ‘eandwo) se paredard pue sojo1assed

pue sdnos ur pasn ‘parIj ‘pasierq ‘pawed)s

‘pa10q ‘Spe[es UI MBI UQ)Ed SPeay JOMO]J QINjewu]
poauyy doap pue 1oneq eandwo) ur paddip swals
WIOJJ IND S12I0[] " IBADNS, UI PAsn JO 2oNeS 19)SAO0
[IIM POY00D “PALIJ-ITIS “PIAUIBAIS SOIUAISIIOTUT

3unok pue sy[e)s JoMO ‘SIOMO]J ‘SOABY

100001q 31|

Pasn TUI[0d001q PI[[ed SIsn[d 1mop pauadoun)

1[09001q Y] PIsn SIAISN[O JIMOY SUNOX

1[00001q Y] PASN SAOUISAIOPU]

9A0QE SB Pasn SIOMO[]
9A0QE SE Pasn SIOMO[]

9AOQE SB Pasn SIOMO[]

QAOQE SB Pasn SIOMO[]

QAOQE SB Pasn SIOMO],]

S9SN [qIPI JOMO[]

qrey Aosiof

1109%01g
Sunnoidg 1100001g 2de)) ‘rjoooo1g

(andruey)
Jayowey X 103 IomopIne)d)

ue|
ey ‘9[e3] 9sauIy)) ‘I[02001g dsaUIyD)

orey] Suromor] ‘pIe[[o) ‘orey

pIeISnA Yoerg

adey] paesyiQ ‘adey

PIRISNIA MOJBMS

‘PIRISNIA PIABI[-peOIg ‘pIRISNIA
JeoT Surpeoy ‘pIeISniA JeoT o5eqqe)
pIBISNIA umorg

PIRISNIA JOATY 97)3UBL ‘pIeISNIA
wa)S S1g ‘pIeISnjAl WIS US[[OMS
uenyoIS ‘preIsn pIpdId uenyodrs

preisnjy pojooy-druing,

pIeIsny

JOOUSHNIA ‘PILISNA PIABIT-PIIRIIIS
‘MOUS UT POy ‘PIBISNIA] PIPLIH-SUIN
QUIBU JE[NOBUIA UOWWOD/YSI[SUF

(dnoxg erjojrued)

pao142]0 PIISSPAG = DA
vijofiupd “TeA D2ID.I]0 DISSDIG
109001g

dnois ‘A2 T paov.a2j0 DIISSDAYG =
(dno1n eorpery) vaoniajo porssvig

Iomopimne) dnoi3d

"AD "] P20D42]0 PIISsPAg = (dnoln

SNANOg) Paov.42]0 PIISSDLG

qrey 9seury) dnoi3

"AD ] 20D42]0 PIIssPAg = (dnoin

eIqR[S0Q[Y) D2IDA2]O DIISSDAYG
orey] dnoi3

"AD ] P20D42]0 PIISsPAg = (dnoin

ereydooy) vaov.ajo voissvig
Yooy "M ("7]) v481u vo1ssvLG

1 sndpu va1ssvig

paoun( dsqns

paoun{ poisspag = "weirs] ((qxoy)
psodn. Tea padunl voIsSSvLg
‘u10z)) () paounl voissvag
w1az)) 1 vaounl

DoISSDAG = 9T "N'S PUB UIS],

"N pp1uing “TeA paounl poissp.ag
paoun{ -dsqns vaoun{ poissv.ig

= welry| (s1og % Xnalq[red)
stuLofidpu “TeA vaoun{ vo1SsSVAg

paoun{ dsqns vaoun(
DOISSDAG = 9] "N'S PUB UIS],
*N Sdaoupnut "1eA paounl voisspig

QuIeu dYNUAIDS

(ponunuod) | 3jqeL



a

Introduction

(panunuoo)

(1661 “0861) WooIET
(002) nH

(9L61) eeue], ((ZL61) ISINYMOID

(+661) Ke1, pue euadO

(0661) B[O1998] (9L61) BYRUR],
(0661) e[o1E]

“(8L61) urd[eH “(LL6T) Wers] pue yers|

(1661 ‘0861) WoNLIeT

(re61)
snadoxo], pue ony ‘(0861) WO IR

(F661)
A pue euadQ ‘(1661 ‘0861) WOINIE]

(€£00T—T661) U1g

(6007) Iouuo) O pue UBWMIN
“(S007) NH “(#661) UISSOA 1P UBA

(€£00T—T661) U1g

1[00001q
I POYOOD SIABI[ PUL SJO0YS SULIOMO]) QINJBW]

UQJed S100YS SULIOMO,]
1[09901q 9YI] PAAIAS SIAISN[O JOMOJJ dINJBUI]

POLIJ-I1)S 1O PAWIBI)S ‘PAY00D UAJL SIABI[ pue

$)00YS SULIOMOJJ PUE SIOMOJJ ‘@OUAISAIOPUT QINJEAL

SO[qeIA39A SB PIY00d SY[BIS

Iomop ‘sesodind Areur[no 10j pasn 19)snjd JOMO[]
"010 ‘sagesnes uere)] ‘seojeiod ‘eysed yrm

PAAISS JO PagInes ‘pasIelq ‘PouIed)s ‘pafloq ued
‘91se) JoN1q Ajuesea]d soAed[ pue Wwa)s SULIOMO[]

P 003 IO mel udjed Sjooys w:ﬁo\(/o@ MESOV

PIY00I 10 MBI UL S]00ys Suromoyy Sunox

PO 002 IO MBI — S)OOYS SULIOMO FUNOX

PIYO0I 10 MBI UL S]00Ys Surromopy Sunox

1[00001q 10} SV

dA0Qe S pasn S}00Ys SULIOMO[]

(osoueder)

BUNQI]A ‘BUNZIA {USQID) PR[ES
asouede[ U9aID) pe[ES 0J0AY ‘UAAID)
peres eunqry ‘preIsnjy qroyiod
(eseury)) eI -re)-10 300ys adey 10
adey drung, ‘preysnjy

drumy, ‘drumg, piig ‘pIeIsnjAl oLy
104dYed 9s[e ‘urxre) ‘wns£oyD
BLIO], ‘UOSIRS

rurdey

‘1109001¢ druny ‘qeey 1100001g
eunsjewoy] ‘yoeurds preysny
1es1o4 ‘93eqqe) Junyed

“aeqqe) A19[9) ‘a3eqqe) 9saury)
wng 10y ‘uIse)

S| 1oppoy Qe 991, ‘Orey]
oL, ‘arey] *98rqqe) M0D ‘spIe[jo)

(9saury)) BNH-94 ‘9saIqe[e)) ‘1[00d01g

1[00001¢g [BIUUAI JeIS-QUIN

(dnoiny eorursoddin)

pdp.a po1sspag = Kopreq "H'1
porusoddiu “xeA vdp.a pIISSDAG

" vdp.d DIISSDAG = "WIANJ

(") suysaduwd “reA vdpa D1SSDIG

1 vdp.a DOISSDAG
(dnoiny uisre)) vdv.

po1ssvag = J[ouey (Aorreqg H'T)
sisuauryovand ‘e pdpa DI1SSDAG

dnoiny uosres vdp. po1ssvLg

dnoiny oany vdv. vo1ssvig
(dnop stpLiatad)

pdp. po1ssvag = Kopreq "H'1
(Korreq "H1) siprirasad po1ssvig
a3eqqe)) asaury)) dnoid

"AD T pdpa po1ssv.ag (dnoin
SISuUQUINd) »dp.4 PIISSDAG =
adny (noT) sisuauryad voissvig
urste)) dnoi3 ‘Ao " vdpa °g

= Koqreg s1suauryovavd voissvig
(dnoiny SIpLIIA ) P2oD42JO POISSDAG
= '] SIPLIIA "TRA DIODAD]O DIISSDIG
1109001¢g dnoid "Ad "

p2op.2]0 pI1sspLg ‘(dnoiny eorfe)y)
D2IDA2]0 DIISSDAG = YOUI[J
DI1IDI1 "TeA D2IVAI]O DIISSDAY

"1 P2IDA]O

po1ssvag = "D S2p103vandsp

“TeA D2IDAD]O DIISSDAG



Introduction

42

(0661) e[01098A (TL61) MOUPSH

(€00T—T661) UIdg
(0661) elor0R
(€00T-T661) U1 “(0661) BlO10R

(€£00T—T661) U1
(€002-2661) U1

(0661) ®[o1098 (0861) WO IE]
‘(9L61) BYRURL, “(TL6T) YOUPSH

(£00T—T661) U1

(0661)

B[0109% (TL6T) YOUPIH ‘(1L6]) SALD
(0661) BIO109B] (8S61) T8 10 peuIdg
(8661) xry puesdry[iyd

(6007) 1ouuo).0
pue uBWIMIN ‘(£002) PIPYOUOS

(1661) wodyIe|
(S002) nH “(1661) wodyIe]
($002) nH “(0007)

PIeMPOOM ‘(1661 ‘0861) WO TR
SOOURIOY

1109901q aY1] paredaid sy[els 1omorg

pawed)s

AYSI[ UyM SNOIJI[Op pue mel ad1u AInb are Loy
£1109501q Sunnoids I pasn SJ00Ys SULIOMOY Y],
SOUOIMPURS PUB SPE[ES Ul MBI U] SPeay JOMO[]
Spe[es 0} JNOAR] SNOIOI[Op

© ppe Os[e pue 9[qqIu juesea[d © Se mel udjed JnoAey
I[-ssa10 Juagund & Y)Im Spnq JOMO]) PUB SIOMO[]

MBI UAJeI SIOMO[]
MBI UdJed SI9MO[]

qloyiod B Se pasn sauwIouos os[e
aIe nq “*030 spefes Ul SULIOAeY I0 YsIuIes e se pasn
AJurews ‘pay00d JO MBI USJEd SIOMO]) PUB SOABY]

MeI Ud)ed SIOMO]

PIY00D 10 MBI UL
spodpads aInjewIlI pue Spnq JOMO[) ‘SW)S ‘SOABI
qioyod

SB pasn SUd9I3 JOP[IW Y)IM PIUIqUIOD SPNQ IOMO[]
PaYyood

1O MBI UQJBD SWA)S SULIOMOp) pue Spnq Jomo[]
9s00yd uesawred pue 10)Inq YIm ued

pue pa[Ioq 10 YsTuIes pefes se pasn spnq Jomo[]
UQJEO SOABI[ PUE $JOOYS TULIOMO[]

UQJED SOABI[ PUE $JOOYS SULIOMO[]

1[02001q

I] PAYOOD SAALBI[ PUE S)JOOYS SULIOMO[J DINJEUIL]

SSN [QIP JOMO[,]

J[ey 8IS [BIUALIQ

Jey B3S
sse1n) AAIMOG ysiSug

IOMOT,] 00)oNn)) “Yoows s,Ape|

JI0MTI00], AMOYS
Ssa1oIONIg S JoqreIrsy

poomdI]

‘Kuuaf Sumipdg ‘ssa1) 1o)1g uowuIo))
‘Poop ATesIny ‘ssaroronrg AieH
100y

[BI0D) d)euul] “MOMYIO0], JeIT-USAIS

jo3d0reag ueadoIng 00y LIS

100y BAS UBOLIOWY

preIsnN [[TH 10300y
ysnpng, ‘aseqqe) Aueay ysnumg,

PIeISOIAl PIIM

1088, ‘pIeIsnjAl uoodg ‘Toyoyeq
anes0y ‘10D Jed JeL] d5eqqe) JeL]
(esoumyD) rey, 1es [, UOH

‘preysnjy WAS-9[ding ‘adey] 110 poy

uisre))
‘urxre)) ‘wnsAoy)) ‘1oy)) yed as[ed

QWERU JB[NJBUIOA UOWWO/YSI[Suyg

"1 S1DIUDLIO 2QUIDLY)

" PULIDUL 2QUIDAY)
"1 P2113UD DLIDIJYI0)

1 s1suaipad sunuvpin))
Z)ueI1)

(‘1) sopdydpruad aunuvpin)
Ydod Nj2qIviry dunUDpIn,)

] DINSAIY DUNUDPADY)

“Z[MYOS "H'O
(A Piidydpiday aunuppin)

*doog puLipw 2j1y)

OoH (mo1asig) vniuapa ajrw)
"1 S1pIUILIO SDIUNG

-dds voissvsg

Jeuey () sisuauiyo *dsqns

1 vdp.a p21SSDAG = J[PuURH (99T %
UJS ) SLDINSOL "TeA Ddv.a vII1SSDIG
"1 pdp.a po1S$SDAG = "Wery] (Aoreg
"H'1) va4ndund “xea pdp. po1ssoig
(dnoiny uisre)) vdv.

po1sspag = JPueH (A9[req "H'1)
s1suauryovavd ‘e pdpa vI1SSDAG

Queu dYnualds

(ponunuoo) | ajqey



43

Introduction

(ponunuod)

(€£00T—T661) U1g

(€00T-2661) U1

(€£00T—T661) U1dg

(0661) BIO1OIBA (9L61) BYRUR],

(X *0T10T—L007) dueaq “(0661) BIO1OR]

(€002) PIPYOYdS

(€002) TBAAIN “(BT107)
snowAuouy ‘(Uz107—L007) 2ueaq

(0661) vloRd (9L61) BYRUR],

(6661) SueAyq pue dS[eplopne]|
“(0661) ero1ooe “(0861) WO IeT

(eZ107) SnowAuouy

(6007) Jouuo) O pue uewmoN ‘(6661)
SUBAH pue d[eprapneT ‘(0661) BOIOIR]
‘“(8L61) utd[eH “(LL61) Wery] pue jyery

(eZ107) snowAuouy

JAOQE S Pasn SIOMO[]

9AOQE SE PIsn SIOMO[]

Spefes Jouwns

0] uonIppe A)se) AI9A B AYBUI (MBI UQJBD SIdMO[]
S119SSOP Joams M A[[eroadsa ystured

‘pefes e pasn J0 9[qe}aS0A B Se U2)ed SIOMOL]
SOUSIp JoU10

IO Spefes ul g1y SULINOARY Se Pash q UBd SIOMO[]
950970 uesowred pue 101Nq YIIM UJLD

pue pa[10q Jo ‘YsIureS ‘pefes se pasn spnq Jomol.]
©0) JOY QWOSINOARY

© 0JUT OPEW dq OS[ UL SIOMO[] sodroar

USy Auew pue SQUSIP UOIYD YIIM [[9M SAUIQUIOD I]
"SQUSIP JINIJ pue spefes 0} Inoaey Ao1ds ppe s1omof]
.nz-1qesem, pared apyoid rendod e oyew 03

SO9[ YES Y)IM PIXTW JOJeM JES UI POYEOS SIOMO[]
(1moq

Pe[ES AU} UO YSIUILS 901U B OYeU) MBI UJBI SIOMO[]
1S80) UMOIq YIIM 9AIIS PUE  BJE[eSEUIeIe],

01 SIOMO]J 9[OYM PPV "SUBAQ YOUAL] PAYO0O

JI0AO pauLIds 10 9011 pue pe[es & 0} pappe ShoIdI[op
are pue moaep Araddad ‘Ao1ds € aaey soAea[

Oy} PUE SIOMOY J} ‘YSIUIES B Se Pasn aIe SIoMO[]
JSB0) UMOIq

[JIM 9AISS PUE BIR[ESEWERIR), O} PAPPE SIOMO[

J[OY A "SUBAQ YOUAL] P00 JOAO PapuLids 10

Q011 PUE PE[ES B 0} POPPE SNOIJI[IP AIe PUE INOABY
K1oddad ‘Ao1ds e oAey S9ABI] 9U) PUB SIOMOY Y],

ysIpey vog

ystpey

i ighlitids)
201§

wnssATe 10ams

ssororoddog ‘sseadroddog
aueld ‘peamiaddeg uowrwo)

J9[0IA S, QWE(T ‘1NO0Y 19oMS
IqeseAN “USIpey 9sIOf] asoueder

e[N3NIY 1900y

apenboy ‘en3niy ‘peles 1900y

PIRISNIA-[[BAA 10 -PuLS ‘P
-SSOID) ‘PAIM - UNS 10 -[[BM
Surung 1Yoy [[EA [enuuy

suaoke ] pue

1oruuog ("D X MRIOIN) napuny]
-dsqns win.siuvydpa snuvydpyy

= uo( SnumLvw snunydoyy
suaoke ] pue

1omuuog ("D X2 MRIOIN) p4punj]
“dsqns win.suvydpa snuvydvyy

= "D X9 MRIOJA pipup] snuvydnyy

‘boer vaoviyp v
1gd () pupoul vjonIm N
‘ASo( (1) puwiLDUL DLIDINGOT]

‘peIyOS wniolfisuap wnipiday

1 sypuosput S11adsagy

'zp1oy] (‘brN) wnomodp! vuia.gnzg
= "XeIA (‘QQIS) 1gDSPM DULALINT
‘AeD) (") PLIDIISIA DINAT = T[AYL
(TN PALDS “TeA DLIDIISIA DINAT

‘ABD) (1) PLIDIISIA
ponLF = “[[NA PAIDS DINLT

0 (1) sypanut sixvjopdiq



Introduction

44

(1661) 'Te 10 QIoLLIRJe |

(1861) SWelIm

(0661) e[o100RA
“(1861) swerlIip “(8961) joudn

(€£002) PIPYOYdS

(0661)

B[O1D0B] (86 1) YUY “(6%61) Areq
(¥007) AoIEWON

‘(100T) 499qua91S “(0661) BIOTOIR]
(1861) WouneT “(L61) OUPSH

(€00T—T661) U1

(£007—2661)
1o ‘(0661) BlO1dEA ‘([86]) Moune|

(€002-2661)

u1d] *(0661) BIO1R] (1861) Moune |
(ez100)

snowkuouy ‘(010g) sed11[ “(0661)
B[0100B] *(0861) WOINIRT “(9L61)
exeur], (1L61) 243D “(8961) Joudn

(1107) umolg (600¢) Jouuo),Q pue
uewMaN “(000T) PIeMPOOM “(0661)
BIO109E *(0861) WONIET (0861) uLg
US( UBA PUT 3SYIQ0 (9L61) Beur],

(1861) 1oune|
SOOURIOY

190MS 9q 0} paIndar UL SIOUIISATOPU]

$330 YJIM PIsn JO PAYOO0I SIIUAISAIOPUT SUNOL

JIOPEAES [H Ul UJBY QOUIDSAIOYUI PILL]

9500y uesourred pue 1)Inq YIM UL
pue pa[1oq Io ‘ysrureS pe[es se pasn spnq JIomo[J

PEJeS UT MBI USYRd SIOMO[]
AQMNsqns 1[0950Iq © se

pasn 2q ued Aay) ‘InoAey ysipel/a3eqqed quesed[d y
"PAY00O—SWIA)S SUITOMO PUE QOUDSAIOPYUT SUNOX

Payood
IO MBI UQ)BJ SWA)S SULTOMO SUNOA pue SIOMO[]

QAOQE SE PIsn SIOMO[]
AMNsgns 1[09501q © se

Pasn 9q UBd IO Spe[es 0) UONIPPE A0TU & ayew Loy
fa1yx9) jueseard dsio ® y)m Inoaepy Ao1ds € aaey
SIOMO[ "PAY00D JO MBI U2JLD SI9ISN[O JMOp SUnog
spefes o3 uonippe Aoids ootu ©

‘MBI UQJBO SIOMO[] .98y Juoey, ‘A1md d[qelogoa
PaXIW oY) uI payood Jo uyd weu, yim ued

are sy Sunok pue SOOUAJSIIOPUI ‘PUB[IRY], U]
201ds o[NI] & ppe 0] SO[qe19S9A PAY00D JOA0

opjuLids Jo pefes e jo doj ay) 03 INOJ0d PPE SIOMO[]
uedas

IO 9[qeIOT0A B SB QATIS SOABI[ PUE SOOUAISIIO[UT
Sunog ‘so[qe1aSoa payood s Ud)ed Speay JoMO[]
AMNsqns 1[09501q

® Se pasn pue pawreals ANYSI[ aIe spnq JOMO[

UL, ‘Spe[es 0} UONIPPE JOTU B ‘MBI UdJEd SIOMOT]

SSN [QIP JOMO[,]

ourouy (] Io[]

uld PI'm
‘SurmBurq rerwnid ‘Surmurg ‘umsurg

‘urnogurd ‘eueueg AOYUOIN ‘SejeIey]
anouokeg
‘um3uig ‘surd pria “opddeourd prip

$SaI0AUUd PIoL]

PpIRISNIA] 1900y
J900IUOPUOTT J300Y UOPUO]

drung, pii “preIsnyl pIIa “YooleyD

a8eqqe) Apung

USIpRY 19ppo]

ysIpey [eIUaHQ0

(Tey L) mny 9y
Jeyd ysipey <[reL-yey (ssoueder)
uoNIe(T eynsIeH “(YSISUH) YsTpey

(es9umyD) yeqoT RO[IRYD
pajutof ‘ysipey ueadoing ‘ysipey

Ustped PI'm
QWERU JB[NJBUIOA UOWWO/YSI[Suyg

JYOIYOS SU2DSGNLD DISPUD]II]

"1 SPIADY DI]PUOLG
= UQLIOIN " M1ouinyd svipavy]

umduid vijoworg
qeadeI[oWOIg

1 asuadp 1dsvpy |

T OLI1 WNLIQUIASIS

1 S1su2a4p s1dvug

29e1§ (ZNYOS "H'0)

my3rum nlouro) = Apue (‘z[nyos
"H'0) 1y Stim sidvursoydulyy
's19d

S1ULIOJ12]0 “TeA SNAIIDS snuDYdDY]

snayps
“TBA SNALDS Snupydpy = U1y
‘[ 4231U “TeA snayvs snuvydoy

WoH ‘M 'H MSnous Tea
snayps snuvydpy = WA ‘H 1)
SMIPPNDI ADA SNAUDS SNUDYdY

"1 snayvs snuvydpy

" winastuvydoa snuvydpyy

Queu dYnualds

(ponunuoo) | ajqey



45

Introduction

(panunuoo)

(0661) vlo0oR

(0661)
vO198] (9L61) MBL (9€61) Asaouex

(eT107) WIT “(S00T)
nH “(0661) BO19R] “(L861) UOHOIN

(ez107) Wry

(ez107) wry

0661)

eloroeq (8961) Joudn (9L61) el
(0661)

v[o198] (9L61) 9L (TL61) YOUPIH
0661)

e[o1098 (9L61) AL (TL6T) YOUPSH

(0661) ©I010BA “(LLOT) HTRID

(002) n"H

(8061) e

(1661) 'Te 10 QILLIdJe T

$339 yIIm pad00D IO SPE[es Ul MBI UJBd SIOMO[]

BOLIQWY UI3)SoMYINOS UT Uded ale s[elod

sdnos ur 9[qe1o8oA 9A0QE Se Pasn SIOMO[]

sdnos ur ojqereSaa se osn Juanbasqns 1oy paLIp pue
SISOUJUE QI0Jq PAISAAIRY Ik SIOMOJJ o], "9[qeIadea
Se U9Jed pue payood aIe spnq Jomop pauadoun)

MO[2q SB Pasn SIdMO[]

patly 10 pajloq

pue 1oJem UI JYIIUIOAO PaYeOs s1omop pauadoun)
PaY00d UALd SpNQ JoMO[]

31qIPa SPNQ IMOL]

PIY00d UL SPNQ IOMO[]

sdnos unyew Joj pasn s1omop uado paug

sordoad
S[Iyg oyl AQ ULIed SPA9s pue SIIMOP ‘BIpU] UL

UL SAOUAISAIOPU

smoe)) oA onpg ‘O[pue)

an[g ‘ewel onig ‘smoe)) Auaqg
‘o[[nquieIen) ‘snjoe)) e[nquieren)
‘smjoe)) AL1QR[HIOY A\ ‘Q[pue)) anjg

smoe)) adig uesip

(esoury))) Suepp g

‘Ul B[[219pU0D) IYSIN YL JO 2lleg
‘read A119qmens ‘snard)) surwooyg
WYSIN “nayuodeI(q ‘eleyeiig

Jue[q B[[9IOPUOD)

WSIN QYL JO d[[og ‘Iedd Auoqmens
‘sna1a)) urwoorg 1YSIN ymniyuodeIy

‘ekeye)id poy ‘eAeid poy

"S9B)) WSIUPIA ‘BABYEIL MO[OX
SnJoBD) UOWYT ‘peIY SN,

SNIOR)) [aLIRg BUOZLIY

snoe)) [a1Bg 1SE0D)

smoe)) [aLeg

(esaury))) BN UE], ‘SNAI)) Jurwoo[yq

WYSIN ‘Smoe) 93uny ‘snoe) pIyoI0
‘ueang) WSIN ‘smoe) adig uewryong

puon ‘ueqn-y
‘wnueqrpQ “9a1], wnueqijQ uerpuy

9[osu0)) (‘JF1ojd X0 MeN)
SUD214]U023 SNJODION L
112q.amy) ~dsqns 112q.1ny;
sn24200u21§ = ‘qyyoeq (‘wasuy)
112QINY] SINIIIOIIDYSIDI

90y pue

uonug ("MeH) smppun snai220] g
950y pue uonug

("JOOH) 12.41DU12] SN2.4200]KF]
=050y pue uonug (19qopM
*O'V) sn2nyajod snaia20) g
1oneq jrey (jodne xo ‘wnyos

) Snyupp3aut Snalad20] g
oy A (Fduergonyx)
SNYIUDIDIDUWIDY SNIODIOIDUDE]
950y pue uonug

(‘wpeSuy) NUIZIISIN SNIODIOLD]
9s0y pue uonug (Areo "y 2 “10[,
XQ “NNN]) SUIISIPLIIA SNIODI0AD]

950y pue uopLg
(‘W) SAPOYIUDID SNJODI0L.

‘meHq
(-DQ) wnppaddxo wnyKydidyg
Eli=hlablig)

"1Q9[0D) Xd "qX0Y DIDLIIS D1]]omMsOg
JeaorIasIng
1 pIvAINI2L DISPUD]I],



Introduction

46

(€£00T—T661) U1

(£00T—7661) uIg
(€00T-2661) U1
(£007—T661) U1

(bz102-L002)
aura( “(€00T-2661) U1

(£00T—7661) uIg
(€£007—T661) u1ag

(€£00T-2661) U1

(€00T—T661) U1

(€£00T—T661) U1

(LL61) sewoy,

(0661) e[0O198A “(+861)
Uy “(9L61) BYeURL “(9¥61) Py

(0007) sH2q0Y “(17102-L00T) duead

(0661) B[O13B “(9¢61) Aysouex
SQOUAIAJY

JAOQE SB Pasn SIOMOT,]

QA0QE SB Pasn SIOMO[]
dA0QE SE Pasn SIOMOT]
JAOQE SB Pasn SIOMOT,]

9A0QE SB Pasn SIOMO[]
9A0QE SE Pasn SIOMO[]
PEIES 0} POPPE AAOQE SB PASN SIOMO[]

PE[ES B 0] UOIIRIOOIP JANORIIR
KI19A & pue ssowjeoms jueseald e Sunredur ‘pefes
0] POpPE ‘MBI U2)ed SIOMO[,] "Pe[es 0) PIPPE SIOMO[]

SpE[eS Ul PISN SIOMO[J ‘SOABI] PUE SIOMO[]

[>Mlimoq
pe[es 9y} 0 UONIPPE dANEIOOIP puk jueses[d A1oA ©

yew Aoy 19oms APYSI[S "PI00I JO MBI—SIOMO[]
SSOUJOIMS
JYSI[S B YIIM 2INIXd) pue 2)se) Juesed[d e—sI1omorq

©9) JUQDS PUE JNOABY
01 pasn a1e s[ejad Jomop) Ay, "IJ[es PU. [10 YIIm UJed
pue pa[ioq A[ySnoIoy) aIe SISMOY 9y} ‘BuIy)) Uy

QUIM POOS & OYeul OS[e SWOSSO[q

UL, "Me) SPIEMO) SUBI INOABY JIAY ], "Pa[1oq A[[ensn
‘pax002 INQ MBI JOU ‘UJED UIJO JSOW I} ST JOMOJ
smoe)) Iead AppoLd ay) ‘enundQ ay) [[e Suowry

PIYOO0D UL SPNGIIMO]] PUB SIOMOL]

SSN [QIP JOMO[,]

Iomog[reg ‘s[reg Amqioue))

Jomop[og jeain ‘enuedwe)) eqone
e[nuedwe)) 93187 ‘enuedwe)) jueln
Tmoyed AN

UMOID MOUS ‘MOUS JO UMOID)
19MOY[[od SNEBLIPY
Tomog[[eg dneLpy

IOMOPIOg JealIed ‘SAqUIYL SOUTe]
Iomop[eg
Yoossny, ‘Tomop[eg uergjedie)

Iomoy[eg
yoossn], ‘ramop[eg uenyedie)

IOMOYT[og YSIuIo))

(esouryD) eny PN
e ‘oo1ds[Ty osauede ‘JoaMSIANUIA

B

uensLy) ‘Iesd smoe) ‘S Areqreg
‘smjoe)) eung, ‘814 ueIpu] ‘redd ApoLd
[relIoAReg

KINQPOOA ‘[Te1IOABI{ S,9SBI[BAL],
‘[Te)IoARYY ASBI[AI], ‘[IelIoARdg JUIOf
-1I0YS ‘[Te1IoABIg UIY ‘[IelIoARYg
paje3uory ‘[reyroAeag Juryouerg
‘[TelIOARR{ ‘[TRLIDARIY plysIayeyq

QWERU JB[NJBUIOA UOWWO/YSI[Suyg

1 wnipawt ppnupduiny)

sipuna ~dsqns sipuv.d vynuvdwny)
='D{ 'V rqojuv] pjnuvdun))

1 vijofiipy pnupduiny)

"qarg "IN P4opfi1ov] ppnundun?)

1 vidawo]s pnunduin)
"ua[, PPN VINUPdUD))
190/ pip]ja4is2uaf vinupdun))

we| p1j0fiLna]y20> vinuvduin))

‘boer voupdins vynuvdwiny

‘boer voundivo

ppupdumw)) = uewlkN (AYos1oy]
pue uewWAN NOYOS) vIvuIGIN]
“TeA DI PINUPdUD)

"PIIIM Pijofivlp ppnuvdin)
Jeooe[nueduwre)

Nurg (-) x00av.4d snyjupuowry))
qeaORIUBIATRD)

AL (D) paipul-snoy vyund

MO[R3Ig N[
pue ‘wipeduy sLvjisvq viundQ

Queu dYnualds

(ponunuoo) | ajqey



47

Introduction

(panunuoo)

(1007) 999quaais (Z661) UapIeH
(1007) 999quaais “(z661) UapieH
(1007) 9429quaals (z661) UapIeH
(1007) 422quaals (z661) UapIeH
(1007) 422quaals (z661) UapIeH

(1007) 422quaals (Z661) UapIeH
(L00?) 3uTy[ “(T661) UapIEH
(1007) 9429quaals (Z661) UapIeH

(1007) 422quaals (z661) UapIeH

(1007) 422quaals (Z661) UapIeH
(1007) 999quaais “(Z661) UspIeH

(0T10T-L00T) dueaq
(bZ1027-L007) uead “(€007-7661) U1

(€£00T—T661) U1g
(€002-2661) U1
(b2102-L007) ueaq “(£00T

—2661) U124 (0661) BIO1O%®] (¥861)
Uy “(9L61) BBURL, ‘(9¥61) Peoy

(€£00T—T661) U1g
(€002-2661) U1

(€£00T—T661) U1g

QAOQE SB PIsn SIOMO[]
9A0QE SB Pasn SIOMO[]
9AOQE S POSN SIOMOT]
9AOQE S POSN SIOMOT,]
9A0QE SB PIsn SIOMO[]

PEIES € 0} UOT)IppE (SSA[)se)

J1oqe) [NJINOJ0d & Sunfew ‘ud)es oq ABW SIOMO[]

J[qIPa SIOMO[]
QAOQE SE Pasn SIOMO[]

QAOQE SB PIsn SIOMO[]

9A0QE SE PIsn SIOMO,]
Ppe[es & 0) uonIppe (SSAAISE)

J19q[e) [NJINOJ0J B SUDYEeW ‘Ud)ed 9q ABW SIOMO[]
1onnq ur paddip

IO PAIPULD ‘PAYIMIS ‘SPE[ES UT PAsn ‘JooMms SWOSSO[g
QAOQE SE PIsn SIOMO]

QAOQE SE Pasn SIOMO[]

InoARY JooMms Jueseo[d B 9ARY SIOMO[J dU) ‘Spefes
0 UONIPPE QAIIBIOIIP AOTU Y "MEI UDJed SIOMOL]

[%o0q

peres a3 0] uonIppe K1se} pue SANELIOIIP & e
S1I0MO AU, ‘qIoyjod Se Payyood SIABI] PUB SIOMO[]
QAOQE SB Pasn SIOMO[]

QAOQE SB PIsn SIOMO[]

QAOQE SE Pasn SIOMO[]

1199on]g

[199on1g

[199ong S.[198peL
[1egen[g 2zuoig
11999n[g 1520)

[[°qen]g tueln

[[egen[g uerensny

[1oqenig

[enuuy A1y ‘[oqan|g [enuuy

[[29on[g 1oAY

[[°genyg paynL

s[[eqan[g Axep ‘[[eqan|g duidpy
JOMO[ UOOo[[eg UOWWO))
‘IomogIeg osouedef ‘Tomor] uooeg

Jomop[eg

IOMO[J[[og UBAIOY]
Iomop[[eg Aduwry)
Iomop[reg panods
Jomop[eg

Surrel], ‘1omop[[og UeIqIoS
Jomop[[eg uoneweq

[[°d MO[[IM
‘I199oIeH ‘TOMOP[[Q] PIABYT-Yoedd

‘wg ‘[d X urjore)
po1pupIsuaInb v181aqua YL
‘ws ‘[d pLoyiuvyd viiaquajyvp
qpuag SynpouNu v1SI2qUIIYIM
WS ‘[ d pjoam] viSiaquajyv
W “['d P]OdLI01] PISI2qUITYIM

urjoIe)) »jodIUDL3 DI1SI2GQUIJYDAL
oav
("18104 D) S1J19D43 D13412qUITYDM

UBIYO] DIUI]1ODAS DISI2QUITYDA
19y "H Xo Wi g (poerg
IN'D) Stypunmnyf viS1quayu
‘uod 0

(ppoT) suvypidvo viSiaquagyvm

= UI[OIR)) SIUNUUOD DISI2GQUITYDM

UBIYIO] DIV DISIdqUIIYIM
Dav

(‘boer) snioyfipun.is uopooiv)q
SMAIPUY L0]0218424 DInuUduiny)

pp1ound ‘Tea pypround pynunduin))
= IDyVN PubwiISayY] PINUPAUD?)

1 sypprunidd vypnunduin?)

‘we ] vivpound vpnupduwin)
uagoq pundysivyosod pynuvduw)
EIULEN

pum1Spyosuajiod vynunduin?)

1 pyofioisiad vpnuvduw))



Introduction

48

(4661) SUOWWAS pUB SUOWWAS
‘(1661) MOT “(L861) qQMD pue qquD

(6661)
ewIsuowals pue SuQ ‘(¢661) pue[en

(0661) BIO10B] “(TL6T) MOMUPSH

(0661) BIO1I® (9L61) BYRURL
(661) SUOWIWAS pUE SUOUIWAS
“(1661) MO (L86T) AqHD PUE qqH)

(0661) Blo1R] “(861) AN

(0661)

B[O100B] ‘(6L61) BUSXES “(9L61) BYRUR],
‘(vL61) 1epueyq “(zL61) ¥OHPIH
($661) SUOWWAS pue SUOWWAS
‘(1661) 40T “(L861) qqHD pue qqL)

(0661) B[O109B]
‘(2861) T8 12 X04 “(8961) Joudn

(S002) NH “(€661) PUBRD

(1007) 2329quadl§ (7661) UspIeH

(1007) 9492quaas (7661) USpIRH
(4661) SUOWWAS pue SUOWIWAS

‘(1661) MO (L861) 9qUID Pue qquI)
SoURIRJRY

popd1d spnq 1emoy A[qIpy

SO[0I0SSED INOARY

01 pUE YSL PUB JBAW PI)[ES ‘SIAI[O ‘SPO0] A[I0

1o Ky[es juowa[dwod 0] pasn spnq JOMO[ PapIId
SQIANQO P

SIOY PUB 3SI9YD ‘JBoW ‘YSy ‘Fuyjnis ‘spefes Ionnq
‘s90Nes INOARY 0} pasn pue padid spnq 1omoq
s1oded oI] pesn pue papyord 9q ued spnq IoMo[{

papiord spnq 1emof A[qIpH

s1oded oI] pesn pue papyord 9q ued spnq IoMo[{

BIpUT ‘ueyseley Ul Ud)ea OS[e JejodU [BI0[]
‘erpuy ur papyoid 10 qroyjod se usjes pnq JoMo]

papyord spnq 1omop 1qIpg

mnsqns Joded se pasn pue pappdrd spnq 1MoL

Jnuede ur pasn

‘0] UT Pasn ‘PeaIq USABJ[ 0} pasn os[e Jonbi] pue
199q JNOABY 0) Pasn SPEAY JOMO]) PALIP ‘UdYed spnq
$109q SULINOAR[J JOJ PASN AOUIISAIOPUT dIR[[NSId

QAOQE SE PIsn SIOMO[]
Pe[ES B 0] UONIPPE (SS9[A)SE] JIdq[e) [NJINO[0I ©
Sunyew ‘ue)ea 9q ABWI BISIOQUATUBAA JO SIOMOT YT,

SPE[ES UI Pasn SIOMOT]

S9SN J[qQIPI JOMO[]

JJeuRISOWO 9ANRN ‘qnIOS UrY Ury]

ysng 1ode) ‘Airog 1ode) ‘rode)

ysng Jode) ‘Aurog 1ode) ‘rade)

ysng 1ode) oa3pay
‘ysng 1ode) prip ‘stede) uerpug

1ade) urquuir)

ysng 1ode) ‘Auag 1ade) ‘rade)

(1rewog)

eSULISPN {(91qeIy) qnpung, ‘pepos
QIOINA ‘uesiny ([rey ‘Jede)
K1rog 1ode) ysnig ‘uowo|

PIIA QUWII] P[IAY ‘QJBUBISOUWIOJ SATIBN
arddojey

‘Wo0qIeTIA ‘1], s, proydoys

(esouryd)
eny-enf-14 ‘doy uowrwo)) ‘sdoy

——OQOS—M:—NSEC/\ 00:@2
[1°gon|g [ensny
‘Iogeng [[eL ‘1qanIg [ensny

S[[og on[g 2ANEN
QUWIBU JE[NORUIOA UOWIOD/YST[SUL

1810 Td punnjaa sivddn))
‘boer puvrivw

sivddp) = uuewnyog Y (‘boer)
puvLpurapa | psouids suvddp)

1 vsourds s1vddn))

1 vvidas suvddp)

puag

X2 "Uun)) 'y vsojuauLivs s1vddoy)
1 psourds

s1pddp) = *Jso vivao suvddn)

‘magpyg

("ss10,) pup122p stpddp)
USprejN

(TP ) vaL10qv s1ivddn))

Jo1paudg pue
31D (‘yoang) vounajigpp viosog
Jeooeredde)

] snpndny snpnumpy
oeOORQRUUER))

‘wg

‘' pronfipiuny v13412quajyvp

100MS (‘1gY) PIOLIS DIS1dqUITYDA

“ds mi8uaquapynm

QuIeu dYNUAIS

(ponunuoo) | ajqey



49

Introduction

(panunuoo)

(€£007) TBIIAOIN
(1661) M0 *(L861) 4q1D Pue qqL)

(0661) BIOIBA (9L61) BYRUR],

(0661) Blo1R] “(9L61) BYRUR],

(S002) nH “(0007)

$11090Y “(6661) SUBAY pU® S[epIOpNE]
(L661) usered “(0661) BIOTOOR]
‘(9L61) BXeURL, ((TLET) ISINYMOID)

(002) nH
(0661) BI0198A (9L61) BYRUR],

(€£00T) TeOIAIN

(¥861) 1>[unyy

(9L61) eeue],

(0661) vlo1098g (9L61)
eyeue], ‘(8961) Joudn (TL61) YOHPSH

(8007) "Te 10 Sunpjekeinopm

(8007) Te 30 Sunpjedeinom

J[qQIP3 SIOMOL]
PIY00D JO MBI USJE SIOMO[]

qioyjod se 10 paArssald ‘paryy ‘udlesd spnq JoMo[]
asn

19J[ 10J paup pue paqroqred 1o ‘sdnos ur ‘paarasaid
‘PAISBOI-[IO ‘PILIJ ‘PAWILI)S UL SPN( TOMO[]
s3urppnd

pue dniks ojur opew Jo 9[qe}a39A Se pasn pue
I8)O0U J9OMS I1aY) J0J PAYONS SIOMO[] “1ISSap 19GI0S
Sunjewr 10j pasn udaq os[e aaey speyad oy, “ueder ur
93110A9qQ pUB BUIYD) UI QUIM UL 9SN BYD BNY-NM, BI)
JIOMO[J-9AT UI JUSIPAITUL SB Pasn Spnq pue I9mo[]

©9) JOJ PIsn SIOMO[ pue SJ0oys SULIOMO[]

UQJed SIOMO[]

SYULIp Ul SULINOARY © SB Pasn SIOMO[,]

MBI UA)ed SIOMO[]

uonoe AANSITIP I107)
J10J U9)ed pue papyoId aIe SI9MO} ay} ‘TewueAA U]

PO0J SE PAWNSUOD SIOMO[]

POOJ Se PAWNSU0d SIOMO[]

100y
URLIO[BA ‘UBLIQ[BA UdPIRD) “UBLI[RA

A119919p]F MOT[OX

(esouedef) 1YSH-0010
‘(asauryD) oe) Juelr 1eq ‘eIuLed

(esoueder) ysg-euruiQ
£90” USP[OD) ‘BIULIIEJ MO[[OX

(osoueder) einzeying

‘(ssaury)) eny Suenys ‘eny Ig
‘eny UIx urf ‘opyonsAsuoy osoueder

(asaury)) Suo uoy

QX TX ‘OP[onsAouoy eury)) [enua)
QUIGPOOM 91Bl[0Jod

O[ONSAQUOH 2Ie1[0J10d ‘OP[OnsAouoy
uere)] ‘OP[OnsAouoH Jea-1eon
(esoueder)

NopuIN-BWEeH ponsAouoy

[e3se0)) ‘O[oNnsASUOH PIIM

uenafeA ndg

‘As1og Aneiq ‘uenio[ep parndg-3uo|

(reqr)
weN wny ‘1ode) poaeo -1y [,
‘1e9  OIIeD) PaIdes ‘va1f, 1opidg

(reyy)
weN wny ‘1ode) poaeo -1y [,
‘1e9  OIIeD) pPaIdes ‘vaif, opidg

(Tey L) Yoquiny ‘BAdIRID JBT ASMGQO
‘rade)) JeoT-ea1y [, ‘0017, 189 O1fIeD)

"1 S1puIdLfo DUDLIZIDA
YOSty
('[pur) PIISVIPLISND SNONQUIDS

'ssnf (‘quUNy.L) DSojjia PIULID]

TIAI],
X9 "YOSI D1]0fiS01GDIS DIULID]

‘quny [, porodpl v1adtuoy

DIDUIUNID
“TBA DIDUIUNID DAIIIUOT
= Ko[SwoY 141udy v1221U0T

T wnijofiidpo v1aomoy

ULy pue OOH Stuiffv v1aomuo]
ss1oq uoydisorovul Snyjun.Jua))
aeooerjojude)

1810, "D) DSO181]24 DA2IDLY)

I1S1I0 D) DSO131]24 DAIIDLY)
=D (no7) pusvur va2.L)

"D NUOSUDPD DAIIDID)



Introduction

50

(eg107) snowkuouy ‘(0661)

B[O1OOR] ($861) MUY (9L61) BYBUR],
(eZ107) snowkuouy (6661)

SUBAH pue d[eprapneT ‘(L661) ysereg

(eZ107) snowkuouy
“(6661) SUBAH pue o[epIopne|

(2102 T8 ¥ doy ‘(ez107) snowuouy
‘(6661) SUBAH pue J[epIopne|

‘(L661) usered “(€661) pue[ren
“(0661) B[00 “(9L61) UOHOIA

(eg107) snowkuouy “(6661)
SUBAH pue d[epIopneT ‘(066 1) BIO1OIB]

(eZ107) W (0661) IO1e
“(0861) UHg UIP UBA PUE YO

(0661) BIO1OR] *(0861) WOdNIR]
SOOURIOY

I8)00U 9[qIPA 199MS JIoY) J0J SIOMO ) Jons
UIP[IYD YSIUIeS Se pasn pue pIzI[[eIsAId 2q ued
Koy, '191Nq pue opeUOW.] ‘SIESOUIA ‘SpE[ES ‘Soones
‘sdnifs ‘syerp10o Sunyew ur pasn are speyed oy,

QAOQE SB Pasn SIOMOT,]
[moq yound oy pue spefes

‘sdnos 03 ysiures [nyInojod e ayew os[e Ay, ‘sayed
01 Surppe Io SuneIodap I0J [BIPI AIe PUE ‘SINILIBA
jueidely arow Yy A[[e1oadse ‘9)se) OYI[-9A0[d

‘Tetoy ‘Aords jueses[d © oARY SNYIUBIP JSO]A
PaAOWAI 2q P[NOYs

9seq 9YM IO)Iq IOy} Pu. XATed 9} WOIJ PIAOWIAT
9q pInoys serad 9y, 19qI0S pue ope[euLIew

‘9) ‘QUIM ‘YULIp PUB POOJ INOARY O} PIsn ‘[BIPIOD
0] poppe pue Ie3oula 10 dniks ‘re3ns ur paarosaxd
srerod ‘dniAs Suryew ur syead 2so1 10J ymnsqns

B SB Pasn 2 Os[e ued A3y, 919 ‘OpPRUOWI| ‘Ioyng
‘spefes )1y ‘)In1j SULIOoAe[ J0J ‘Spefes ur ysrures

B SB PIsn ‘paIpuEd dIe PUB SIAO[D JO [[WS Suoxs e
aaey se1ad 1omoy oy, "PIZI[[BISAID 9q UBD SIIMO[]
Q)se) JonIq © sey s1y) se [ejad o) Jo aseq oy

Je [99Y JIYM 3} JAOWAI 0} A[QBSIAPE SI I] "SALIJ-I1IS
PUB POOJBIS ‘SIINES 11ASSIAP ‘PR[eS JNIJ ‘Spe[es
‘$J0QJ0S ‘WIBDID AOT 0} ISIZ PPE [[IM SWRI[[IA 199MS
Jo srelad oy [, "opeuows] puk 19)Inq SOPLUOW]
SYULIP P[OJ “S)IASSAP ‘SANBD ‘SPE[es JInIy ul

pue 9[qeIaSeA 10 YSIuIeS € se pasn dIe pue INOABH
Pl & 9ARY AU [, "PAZI[[RISAID 9 UBD SIOMOY Y[,

paIpued a1
SIOMO[J ‘BISOUOPU] U] "Sma)s pue sdnos 0} pappe 10
QOLI [)IM UQ)BD ‘POUILA)S SIOMO]) PUB QOUISAIOPUT

MBI U2JBd
Swa)S SULIOMO]J pue J[qIP? sTomop snondrdsuoouy

SSN [QIP JOMO[,]

Juld 19pI0g WIDPOJN “Yuld

SYuld USPIEIN

SyuLd ASAUIYD “SYuId ‘SNYHUTI

yuid
QAOTD “YUIJ ISaUMY)) ‘Syul ‘UoneuIe))

WeI[IA 199MS

eAedeq

peresuio)
UO0)SIMIT “Q0m))a] S quuieT ‘pefes uIo)

QWERU JB[NJBUIOA UOWWO/YSI[Suyg

1 smapwmyd smyppuviq

1 sap1oijap smyuviq

"1 S1SUAUIYD SNYIUDI]

1 snjkydofino snypuviq

"1 SMIDQIDG SNYIUDI(T
aeoaoe[[Aydokie)

1 vdvdpd vorLiv)
JBIIBILIRD)

110y (“]) DISNI0] DJJIUDLIDIDA

Queu dYnualds

(ponunuoo) | ajqey



51

Introduction

(ponunuod)

(0661) B[O10R] “(9L61) BYeURL
(8961) Jouydn “(9¢61) Asaouex
(0661) BIOR (T861) ‘T8 39 X0

(0661) B[o1R]
‘(FL61) uoiSuLLrey (8961) Joudn

(0102) seoxf

(¥861) [>unyy

(0661) vloOoR]

(0661) elo10R
(LL61) 1D (L861) qqMD PUB qquD

(0661) BoI®RA (8961) Joudn
(0661) eIo1E] “(8961) Joudn

(0661) Blor9Eg “(8961) Joudn

(eZ107) snowkuouy

‘(6661) sueaq pue ofep1apneT (0661)
B[O100R] “(#861) [UNY (9L61) BYeue],
(600¢) 10uUu0),O pue

uewmaN ‘(6661) SUBAH pue d[eplopne|

BUOZIIY
PUE OOTXOJA MON] UI Pasn SIOMOT,] ‘sqIoyod se pasn
pUE PIY00J AIe SIOMO[ PUB SIABI] ‘SJ00YS SUNOx
UQJBI SIOMO[]

qroyyod se usyes ‘payroq SIOMOL]
squareds y)m dnos ur uojed os[e aIe SIABI[ Y],

" uyd weu, Yim paAIds pue JJeM J[es Ul PJUSULIDJ

QIe SQOUAISAIOPUT JUNOA pue S}00ys Junox

J[qe1agaA se pasn SIomop Sunox

9[qerI939A B SB pasn aIe SIomop Junok ayJ,

ystures 1o o[qe)a3oA se pasn doj Suriomor,g

©9) SB PAsn SIOMO[]
©9) J0J 9JMNSQNS SB PIAsn SIOMOL]

©9) SB Pasn JOMO[ JO UOISnju|

Iej09u
Q[qIPA 199MS T19Y]) J0J SIOMOY oY} JONs UAIP[IYD)

QAOQE SE Pasn SIOMO[]

IomorJ-1opidg

909 “yuerdoag urejunojy AYooy
QUWIOJ[D) PIABT-O[SUIS
IomorJ-1oprdg

9og “yuerdoag urejunojy AYooy

(Tey 1) uers yeyd :a8eqqe) duoys
‘TOMO[] JOpIdS ‘Tomo[ JopIdg ueoLyy

991, 109[[U] ‘[oqIeWIyq

‘001, Jye1g Surquury) Jue[d
Jge1s Suiquurp) ‘suopuado( snnsee)

‘1L 11O ¥orId ueld 1O Yorld
oeoad] yoerg ‘1eomsIontg £qqniys

QAIL, 109[[AIU] ‘[oqIRWITY(T ‘31T,

Je1s Surquip) ‘yueld jpeis suiquir)
‘suopuado(q snnse[) 91y, [10

yorerg Iue[d 110 Yorrg dedsady yoerg

PIOMIIUIM
‘SUNIBTA ‘SUORI)) JIOMUDIYD
PIIMIIIYD PI[RIIG-IAL] PIRMIIIYD

yuid snodjIjo1d “Yuid SuIp[iyD
JIOA\ MOTITYAA ‘BT, UBLIAS[Y

HOM MODIYAM
KIQATIS “J00I[TEN JOA[IS ‘B, UBLIOT[Y

yulq paSuLLy

syuld ‘suonuere))

QeAORISND

ysing pivjniias aui0a])
"1 vpkydouows auioa))

‘ysing vIvJNLIaS 2ul0d]) = KelD)

'V pue "LI0J, 1]0fi18a1u1 2u102])

1 vApupuls 2103])
9BIOBUWIODD

"PIIAA Sippnotund snaisnja)

moH ‘' (\qxoy) snioyfiypnut
‘dsqns smpmorund sn.iysvja)
= "[[ep\ Suapuadap sn.aisvja)
JBIOBIISB[RD)

‘A (D) pipout v1D]12IS
poomAdH pue [[eg

‘Md (1) vaafijosd vi8vy.ioazag
‘we () vvpdvo viyoluoivng

WR] D2JUITAD DIYIUOID]

1 snq4adns snyauvi(q

“dds smyjumiq



Introduction

52

(1102) 3N “(0661) ©10198 *(0861)
JuLIg UIP ULA Pue 3490 “(SL61)
9HaqmY pue unIe (9961) [PHNG

(1102) 3N “(S002)
nH ‘(0861) Yulig USp UBA PUE 3SYIQ

(0661) BIO1OR]
“(LL61T) U0s1910d “(8561) T8 19 pleuio

(S002) nH
(L007) Sury

(0661) BIO1OR]
“(9L61) vyeURL, ((TLOT) YOUPIH

(UZ102-L00T) dueag

(8007) 'I# 30 Sunpyedeinom

(0661) e[01298A “(LEGT) 191218

(0661) B[oR] “(LEGT) 191210

(0661) elo1098] “(LEGT) 191218

(8000) Te 10
SunpieAeInop ‘(L007) e 10 uedessop

(0661) B[o1R] (L861) UOHON
SOOURIOY

JA0QE SV

(dnos 91qe1e3aa ) oury,

Ul POLIP JO [SOIJ PAsn SIOMO] ‘BISQUOPU] U] "UBUUNK
ur sarmsed ur os[e pue dnos J0j pasn SI9MO} PALIP
‘qroyod se udyea syedas Aysoy pue sjooys Ajeo]

Apued 0ojul 9pewl 9q Ued pue ysiued

9[qQIP2 2ANIRINE U AW AU, "MBI UE SIOMO[]
BUIYD U UJBI SIOMO PUB $J00ys AJea]

9[qIPa SIoMO[

Payood

JO MBI U9JEd $)00YS SUNOK PUE SISMOY ‘SOABIT
PIYO0D UAJBI SIOMOT,]

PUB[IRY ], UT USJBD SIOMO[]

I8JO9U dY) JOJ PAYONs SIOMO[]

I8J09U A} J0J PIYONSs SIOMO[]

IeJ00U ) J0J PAYONS SIOMO[]

U9)e SIOMO[]
SIOMOY AIYM JUISLIJ oY) WOIJ PI[USIP SI *,9[091)
9P QWRIY), 10 ¢, 9]091)) 9p ney, PI[[ed Mmanbi] v

SSN [QIP JOMO[,]

(uersauopuy)

Yeniag, {(eseury))) eny Juens) anx
{10MO[] UOOJA JuelD) ‘eoowod] APoLd
‘I0MO]] WYSIUOOJA IOMOPUOOIA
(uersauopuy)

Ye[niag, {(eseury)) eny Jueno) anx
{I0MO[] UOOIA JuelD) ‘eoowod] Apong
10MO[,] IYSIITUOOIA ‘IOMOPJUOOIA

soysning

Q) Ul SISO “Iured ueipu] ‘pomiopidg
(esoumyD)

eny Sueg eog-e-ur-sasojy ‘A[IT jeog
QIpeID-9YI-UI-SASOIA “JUe[d JNSAQ
PoAL AAINOS “I0[IRS

Jurropuepp ‘M SULIOPUBAA ATIEN

IomopgAe( dNeISY
BUI[OWWO)) MO[[OX

urwise
pay ‘1edoar) uoo3uey ‘sienbsme)
JO[IBS UUNI(] ‘Q[ONSAQUOH dsoury)
(Auesy—ueyy—rueyn)

eyed3 owsIMH-(O ‘BOWERIAY]
(euoys—omqequirz)

emninydnpy ‘euomSequieq ‘(ysisuy)
1odoar)-owre 15910, ‘ysng uruing
(ejorg—erquien) sofex ng
{(Quesy-ueyy — BUBYD) TUTUWAIIMYQ

BNSIIA ‘UOIJJRS S BIGOD ‘INUISAYD)
9S0Y URIPU] ‘POOMUOI] UOJAD)

Kourepy ‘orddy oowrwuey

QWERU JB[NJBUIOA UOWWO/YSI[Suyg

"1 vqIv Pawody
= (9snoy ") wmnqp uo128uopy)

"1 vqIp pawody =
(asnoy ") wmpanov uo1d uon))
QBIOB[NAJOAUOD)

] PUDIULEAIA DIUDISIPDL],

"MS D2oDYIDAS DUDISIPDA]
= M D2oDYIPdS 020Uy

1g Y PaUPLd UML)

" SIUNWOD DUIPUIUO))
] DUDILLID DUNJIUIUO))
QBIIBUI[QWIWOD)

sddijigeq () wnoipui
wnja1quio)) = " vaIpul spnbsY

uosmeT "Y' X
(‘MM ) wnia1dCivyd wnpa.quio)

“JUIA :\:\EQNSO.N:BQ wnjoiquioy)

uo( "D WNLOYIPpunas Wnjaquio))
JBIOBIAIqUIOD)

] vaLiaf nsap

] DUDILLIUD DIUUD P

Queu dYnualds

(ponunuoo) | ajqey



53

Introduction

(panunuoo)

(0661) elo10R

(92100
wrT ‘(y661) ureserdyng pue efelpiy

(0661) elo10R

(az102) Wry (0007
PIEMPOOM “(0661) BIOWIBA (0861)
UL USp UBA UdZINYYeq pue asydQ

(QZ102) W (0102) sedrif

(qz102) W (0102) sedrif
“(T66T) 'Te 12 AIXNH ‘(066T) LIOTDIR]

(L00?) 3ury *(S661) A1eD
(€100)
DELN (9002) I1°qdwe) “(S661) 211eD

(L002) 3ury “(S661) 211ED
(L002) 3ury “(S661) °11ED

(8661) UBYD “(S661) 118D

(1102) 3N “(S002) nH

uoneredard 19)Je 9[qIPa 9q 0 PIES SIOMO[]

Uajea ale SIaMO[]

PAY000 U2JLd SIOMO]

S9[qe19S9A SB PAYSI[AT SOABI] PUE SINIJ ‘SIOMOL]

AAOQE S
BISQUOpPU] pue

pueqrey], jo syred snowrea ur 9[qejoSoA st pawnsuoo
QIk S)INIJ pue sIMOp ‘sjooys Sunog ‘sdnos

0] SULINOARY B SB PApPE 21k 10 J[qe1oSA B S Ud)ed
puE PaWed)s aIe SPNq JOMO] PUB SOABI SUNOK

spe[es 0) pappe
—SINOARY SIIIO JOUNSIP YIM [ord ‘saroads Kuepy

9A0QE SB PIsn SIOMO[]

9AOQE SE PIsn SIOMO,]
9AOQE SE PIsn SIOMO[]

ystuIes se Jo pe[es Ul A[qIpo SIOMO[]

QA0QE SV

pinon ofeygng

MOLIBIA TRy,

‘pINO0) Jeqe[RIA ‘UO[IJA 9l ‘PInoD)
Jeo 31 ‘unydwing uersy ‘urydwung
T[[0TULIOA U, ‘unydwng werg
‘pINOD) PIAS JOAIS

‘meysn) Y Ap ‘unjdung 914 osoueder
‘meysn)) 2dIng-uaaln ‘meysn))

pInon xep\ AIeH ‘uo[oq ArreH

(rey L) Sueq “Yeq ‘pmoo Xem
‘UOTIIN JOJUIAN ISAUIY) ‘PINOD) XBAA

UO[QN AITRH ‘pINOD
KITe ‘UOQIN AZzn, ‘pIN0on) AZznq

s1a3urn) rexdg

103urp) Tendg ‘re3urn) ding, a8ueiQ
‘1o3uIn) 93urIQ JIEM(] IOTUID) SNISOD)
3e[ rends 1901 ‘103UID

POO[qX( ‘sSmIs0D) [ertds pay poorg
103uID) Iomo], pay ‘Te3uln) [endg
103U1D PIIM

‘1o8urn) rendg ‘Ser ends ‘1osuin
Ke[eIA ‘SmIso)) Jue3ory ‘1o3urn

ada1) ‘193urn) oder) ‘peoy-oue)

(uersauopuy)

e[y, ¢(esoury))) eny Juenn anx
£1OMO[ UOOA] JuRLD) ‘edowod] APyoLg
10MOT] JYSI[UOOIA “IOMOPJUOOIN

YNy uLISSIp120f vIIGININY)

syonog vijofionf viqmon)y

1QNH D puriadsolL84v vj1qININY)

‘qunuy[, ppidsiy psvouruag

dnoip pmon

xepp dnoi3-Ad xneruso)) (Aermjy
X9 S1equny],) vpidsty psvouruag

dnoip pinon

Azznq dnoi3-Ad xnewso)) (Aermjy
X9 31oquny],) vpidsty pspouuag
QBOOR)IqINOND)

‘dds sniso)
SBRJA] X9 UOSBI[D) $11onpo.d sniso)
'$907] snjjdydoayifia snisoy)

‘ssang smypgivq sniso)

goads @D
(3100 °[) s150122dS $N1S020]12Y)

8A0BIS0))

1 pqIv P2oWOd]



Introduction

54

(aT107) WrT {(010T) sed11f

(q ‘ez107) WIT ‘($#661) e 10 sokay
(qZ107) WIT “($661) Te 10

uasuef (0661) LIO1] ‘(0861) JulIg
Uap ueA pue 3sYdQ (¢L61) SIOPHOH
(qz107) Wry

(0007) PIEMPOOM “(¥661) ‘T8 10 Udsuef
(0661) B[O1] “(TLOT) SIOPHOH

(qz102) Wiy

(qz102) Wiy

(eT10Z-L007) tead (60027)

Jouuo)) O pue uewMIN ‘(L66]) ysereg
(9z102)

wrg {(600¢) J0uu0), O Pue UBWMIN
“(6661) sueaq pue a[epiopne ‘(L661)
ysereq ‘(y661) ureyeiding pue efelpiay
(az102)

wr {(01027) sedatf “(600¢) 1ouuo).0
pue uewmaN ‘($661) ureyerdyng pue
elelpig “(0661) BIOWIEA (0861) YuLig
Uudp ueA pue 3sys2Q ‘(zL61) SIOPIOH

(7661) ureyeiding pue efelpiay
(9100

wry {(600C) 0uu0), ) Pue UBWMIN
‘(7661) ureyeiding pue efelpray
SQOURIRJOY

duwrtays 10 sp10d Yirm 20nes 19)sK0 yim

PoLIJ o1e S100YSs Sunox 9oL pue Sadnes 1Yo YIm
u9JBd 2Ie A3 ‘FuI[10q J9)Jy "A1IND JO JuIpaI3ur
AIe SIOMO pue s100ys sy Sunok ‘puefrey], uy
3urmoaepy

J10J Pasn 9q UBD SWOSSO[q MO[[QA JUBITRL]

so[qeIadoa
Se PAYSI[aI SOABJ] puUE S)nIJ SunoA ‘spnq ‘s1omof

s9[qeIadon

SE POYSI[aI SOABI[ PUE S)INI} JUNOA ‘Spnq ‘SIOMO[]
S9[qeIagoA

S PAYSI[AI SIABI[ PUE S)NIJ SUNOA ‘spnq ‘SIomo[]
BOLIJY pUE BISY UI S9[qeIagon

Se UQJed SOIOLIEA JOYIIQ-UOU JO SPNq JOMOY

PUEB S9ABQ[ ‘SI00YS FUNOA ‘S)INIJ IOpU) FUNOX

s3urppnd pue S)19SSp UT Pasn SIOMO[]

SO[qEIRSAA S POYSI[AI SOABS PUE S)INIJ ‘SIOMO[]

UQJed OS[e dIe SYINIJ
pue s1omof ‘sjooys unox ‘sdnos o[qeiodoa Kords
JO SpUIY SNOLIBA JO JUIIPAITUI SB Pasn A[UOWWod

SI JInIj aInJe]A Jomoy pauadoun saaeo] Sunox

A[qIPa SIOMO[]

SO[qrIRSAA S POYSI[AI SOABI PUE S)INIJ ‘SIOMO[]

SOSN 9[QIP JOMO[]

(esaureuary) oen “(reyl)
oeyy] Ye ‘(osoueder) unnsereyry

uequeN ‘(ysySug) pinoo durdg juern
UO[A Tonig ‘pinoo) 1onig

pinon a3uodg ‘pmon) ylor)
ysiq ‘eygnT yoows ‘@3uods yreg

el pojuy
pinon) a3uodg ‘pinon) Yio[)
ysiqg ‘eyn yloows ‘v3uods yreg

pInon) yseqe[e)) ‘pinon) anog
ysenbg w100y ‘sayseqe[e)) ‘ruyoony
‘MOIIBIA 9[qeIZ9A ‘ysenbg ‘unjdung
unjdung

uwnny ‘unjung owwng ‘ysenbg
UIOOY ‘sayseqe[e)) ‘TUIjoony ‘MOILIRIA
9[qe1a3aA ‘unydwing ‘panon ‘ysenbg

(esoueder) eyooqey] ‘(rey],) Suoy],
Yeq cunjdung 9seoy)) pue[s] Suo|
‘ysenbg jnuoyng ‘urydwng ‘ysenbg

ysenbg ‘urydung meysn)

ysenbg dnoxonng ‘unydwing ‘ysenbg

QWERU JB[NJRUIOA UOWWOI/YSI[Suyg

0I12IN0|
SISUUIYIUIYI0D DIIPLOUOJA

DUUDIDYD DIIPLOUO N
I[N ‘d povud{San vffng

= W0y N (1) »arpuljdo vjfiry
‘qxoy (") ppnSummnop vffng
[N d povud{8av pffiry

K9[puelg
(RUI[OJN)) PLIDAIIIS DIIDUISD]

“dds pyqanony

1 odad pjqinon)y

121104 Xa dusayon(g (‘we|

X9 QUSAYIN(]) PIDYISOUL DJIGININY)
TqNY PuLiadsolL84p pJ1ginon)

= o[e3ued X1 PIIGININYD

‘we|
X9 QUSAYON(] PUIXDUL DJIGININT)

QUIRU JYTUAIOS

(ponunuoo) | 3jqey



55

Introduction

(panunuoo)

(2107) Aueydey] “(6861) MOT

(S861) Masereqood pue ue3ued3uod

(S861) Masereqood pue uesuedsuog

(8061) Nem

(qz107) Wry

(qz100) Wiy

(L007) yerog
pue tmed ((2102) ‘189S ‘(2061) druen
(9z107) Wry

“(L007) yeI0g pue Lmed “(8061) WeA
(¢861) 1aseIqood pue uesued3uog

(0661) elo10oR
‘(9L61) BYBURL “(8S61) ‘T8 19 PUBLIS

(0661) elo10R
“(8961) J10ydp) “(8S6T) 'Te 10 pUBLIS]

(0661) B[0TI “(+L61) UOISULIEH

(6861) Masereqood pue uegued3uog

PoO0J [eUISLIOQE [BUOT)IPE) B SE FUIUIB)S
10)JB UQJB A19M SPEAY Jomop Sunok Y[els Jomo[]

PIYOO0D UAJED SIOMO[]

MBI J[QIPI INOS SIIMO[]

BIPU] ‘UBDII(T AU} UI UIJED SIOMO[]

uaed spodred Mojox

dnos ysy Inos 10 SULINOARY S Pasn SIdMO[]
BIpUT [BNUI)D)

puE ypnQ Ul Pay00d IO MEI UdJed ‘INOAR] PIOE
juesea]d e oA SpNq JOMO[] "WeSSY UI 9[qe1adoA
SE U9)Ba SIINIJ pue sa0ATed AYsap oy A[reroadsa
SIOMOp :(Aouapisaid Aequiog) BIPU] SIOMO[]
spedas 1omop oy) woiy apewr st dniAs

V "UQ)e2 puk pooj InoAep 03} pasn s[edas jsourrouur
(seAe[eWITH [eMUIeD) pUB UBDOJ(]) BIPUT U]

peaiq pue sdnos ur pasn ud[[og

soqLn
uerpuy Aq pealq SupR[ew J0J [Bou YIIm PIXIW Ud[[0d

peaIq Sunjew J0J [BaW YIIM PIXIW U[[0d

3uryjooos paguojoid
19)J& U2)ed PNQ JOMOY [e01U0d SUnok Jo 210D

Ay swel ‘K[ eowdn

(tey L) wokeq
SRIPUT YINOS JO 991, 0BT Q1] o]

(uenowT) JeX I {(rey]) Suery
WL PIABIT-OAL]

(oduiog)

13uog ‘nsnjoq 13uo( ‘uadua(
BIUS[I

ourddiryq ‘uoune) ourddiiyq

(Iseyy]) weqiey yos
Suai( {(o1en) 1yoelY ‘orddy Jueydorg
TfedoN ‘“eruaf[I( “YeaL, So( ‘Tewresy

(rey L) pereN ‘oeld
ues ‘uowe)) ueipuj ‘91, aredepuoy
‘orddy-yueydarg ‘eruRI ‘BINYD

ysnijng uedLIdWY Jealn) ‘ysning [[BL

ysonimng ey

ysning 1ealn

(rey ) Suoid
£SBOAD) JOATIS TRY, ‘SBOAD) JOA[IS

BQIIOD) DS]20x2 Sayjunlio(]
JeaorIUBAIO

‘qX0Y] PINID] P2UOYS
‘brA x0

‘wsfiay, snijofisniqo sndivsoiadiq

qeooedreoorqydiq
"1 vjj&ydpyuad P2102501(]
9BIOBAIOISOI(]

"qQUNYL, PIDLLIS DIU]]L]

oj[0y srsuaurddipyd vrua|jiq

‘qxoy] pudsvuad vruajqg

1 porpul vrua)id

QBAIRIUI[[I

e[fed (‘PWH ‘D))
WUDIUOWIDULIGD] SN1I2]dOUI0YOS
= [UeA snp1pa sndi1og

eweAoy] ‘[, (UOS[AN V) snsopnppd
“dsqns snungripur snua0y2s0qog
= UOS[aN "V snsopnppd snd.i19§
‘Blled

(*1) stsnovy snpoajdouaoyos

= "] Susnov] sndi1og
qeaoeradLA)

‘b s1suawnis spofH
B0BPEIAD



Introduction

56

(€00T) PIYOYdS
(€007) PIYOYdS

(€002) PIYOYdS

(1007) 422quaals “(2661) UapIey

(1007) 422quaals (z661) UapIeH

(¥861) [unyy
(0661) ©I0198A (TL6T) OUPSH

(9L61) eeue],
(9L61) eyeue],

(bz107-L007) dueaq
(bZ102-L007) dueaq
(bz102—L002) dueaQ
(bz102-L00T) Sueaq
(bz10T-L00T) Sueaq

(bz102-L002) 2uesQq
(b2102-L007) dueaq

(0661) BIOW® (€L61) YISV
(6861) 10T

(L861) 9qUD pur qqud

(L861) AqHD puw qqu)

SQOURIRJOY

QA0qE SV
QAOqE SY

SIOMO[J 1O pue
SOABJ[ JOAO FUI[I0q AQ opewl 93BIAq 2)edI[p WYII']

aroqe Sy
POOJ © SE JI PUAWILIOIAI 0) J[NI] Sk pue 1aJ3Iq
JYMATIOS ST )] "AJLINJEW 18 Pa9s oY) SUIpUNOIINS
JUANOONS ST IOMOJJ 3Y} JO XA[BD US[[OMS Y],

I8)JO0U I0J PAYONS SIOMO[]
©9) POO3 B IpeW SPEAY JOMO} PaLI

u9Jeo souwowos sfejod I9MOo[]
J[qQIP3 SIOMO[]

SO[QQIU SE U3} WOSSO[g
SO[qQIU SE U3} WOSSo[g
SO[qQIU SE U3Jed WOSSo[g
SO[QQIU SE U2Jed WOSSo[g
S9[QQIU SB U2)ed WOSSo[g

SO[qQIU SE U3} WOosso[g
SO[QQIU SE USJed WOSSo[g

BIPUT UT 90LT YIIM UQJBI PAYOOD SIOMO[]

u9Jed SIomoy Aulf,
UQIP[IYO AQ PAYONs Jejodu JoMO}) JUEpUNqy
UQIP[IYO AQ Payons Jejodu JoMO}) Juepunqy

S9SN [qIPI JOMO[]

Ba[ IopeIqe]
BAJ, JOPRIQRT UIAISIM

Ba[ IOpeIqRT OYIoe]

K11aqxepn

A1agxepm M

yeoH

AKIreH pay ‘YieaH 211 ‘BOLIT L
IOUJROH “IOYIBOH UoWo))

BI[BZY ‘UOIPUIPOYY
ea[ezy yuid

BIUBZURIA] AUMO(

BIIUBZURIA] JBO[IUIO]
BJIUBZUBIA] JBO[UIID)
BIUBZURIA] ALIRd

BITUBZURA JRWAUI

BITURZURTA]

JeS[ANY A\ ‘BIUBZUBIA UOWILIOD)
BIUBZURIA] A119q31g

sojodesy

yeoy ‘syodKouoyq
AK11ag-punoin) 3urfrer],
K1xag-punoin) 3urfrer],

QWIBU JR[NOBUIIA UOWWOd/YSI[TU

UONY SUQUINIZP “TeA
a43snppd wnpa7 = uny (UONY)
suaquinoap dss aupsnpd wnpay
NN Wnsompun]s wnpa|
elewrrey (1odig)

WNUDIQUIN]O0D UOIPUIPOPOYY

= xod1q wnuviquiniod wnpay

SWeI[IM "d'[ pue
I0J[QL, ‘T PAADIIPLIIA DIIDYIINDL)

II'H "M’V pssa1ddp piriaygmno

T S2P10YJULI2D DILIT

[InH (1) Supdma punjp)
WIXRIN HUDYP]O UOIPUIPOPOYY

= ISeIN (CWIXRIN) HUDYpIo DI]D2Y
1 po1pUl DIIDLY

‘pury

(‘ysing) vsojuawioy sojkydnisojory
yuny suadund sojlydvisojony
Quaa1n) vymvd sojkydpisoiony
uowwR | puvdrivd sojydpisorony
Ke1n) "y sisuappaau sojlydpisorony

Kireq pnuvzuvu s0j{ydpisoidny
‘[pur vonvy3 sojkydpisorony

uo( ‘D X2 uog

‘d ((qx0y) riv3ariva sa32dn3y
ag¥ C1[1qeT) PIDNLLS 2Yd111040Y
pIvL3soLd 2Yo111040Y

‘[IPNIA ] PIPNUID 2Y2141040Y
BAOROLI

QuIeu dYNUAIDS

(ponunuod) | 3jqeL



57

Introduction

(panunuoo)

(0661) e[o18] “(8961) Joudn

(0661)
©[O100B] ‘(1861) [94UNY “(9L61) BRURL,

(¥861) [>unyy

(8661) ULULISOIA
(6861) MO
(2107) 1yd9[] pue Jogjoeyds

(T100) e1padiyim “(9L61) exeur],

(TL61) ¥oUpaH

(0661)
©B[O109B] ‘($861) [94UNY (9L61) ByRURL

(0661)
R[O100B] ‘($861) [UNY (9L61) BYRURL

(2107) eAevIsEALIG

‘(1102) T8 19 ejeIweN “(0661) BIOWOIE]
‘(0661) ed3unyoe] pue ueypeid (9.61)
eeUuRL, ‘(2L61) YOUPSH (2961) vidnn
(L861) QquD pue qqu)

(6861) MOT *(L861) 9qHD Pue qqL)

(€002) PIYOYdS

$9890U0 yoIn(g pue somsed ‘ourm ‘smonbiy
3uLIMo[02 10J Pasn 9Ap an[q pue pai e ap1roid s[eIod

Joyouanb js11y)
© SE Spe[es 0] poappe aJe IO 9[qqIu ApIsAem © Se Udjed
are A9y ‘oaey proe APy3Ifs Ao1ds v oAey S10MO[]

SOLLIND Ul Pasn I8 SIoMO[ Sunsel-proe Y],

soazasaxd

YW 0) PAsn JO MBI UJEd 9q UBD SIOMO Y],
I8)09U 10J PAYONS JOMO[]

I8)O0U IOJ PAYONS SIOMO[]

ayed

9011 snounn|3 Jomop uoafemy ur pasn sperod 1omor

B3] J0J ymmnsqns se pasn sdoy JOMO[]

PIY00D IO MBI UJLD SIOMO[,]

PIY00J IO MBI USJEd SIOMOL]
Aomnyd 1y yereq, se umouy Kounyd

® aredord 01 pasn are s[ejad ysar] "SSAUNOIS apmn[e
-y31y Juaaaxd 0} osye pue 1oznjedde Jurysarger

se A[rep yueip maiq juesea[d [eoo] pue sarfaf ‘swrel
‘ysenbs jo uoneredaid ay3 ur pasn are pue Jse)
INOS PUE JO9MS € JABY SIOMO]J POLIP PUE YSaIJ oy,
Iejoou Juepunqy

Iejoou juepunqge

UB JABY PUE BJ) JOOMS OB SWOSSO[q [[BWS

QA0QE S

[OpBILD

snNnqIy Sulrel], ‘IomogAeI
(esouryD)

nf 9ng 9 un oery ueno nj,
ueyInes, Q[oIry

‘A119qeag ‘A1IqUIYA ‘A1I9qa[oRI],
‘A119q9N[g ‘AII9QR[INY ‘AIIQRONH
‘A119qepuIoy | ‘Arreqing ‘Arroqrig
SIOUIOD) QAL

eayory auldyy ‘erredoog

(ue210%y]) Je[[EpUIf {(IsAUIYD)) uenf
n(q Suoy SUIx ‘UOIPUIPOYY UBAIOY

Keqosoy puerde|

eoezy ejdwory ‘eo[ezy yoIlo],

(osoueder)
mng, rnye)Q ‘sea[ezy pLqAH
BOIPU] UWISYINOS ‘UOIPUIPOPOTY

(wrepeAe[eIA)) NSBIBA

oodnyey ‘(epeuuey]) ng ‘([ruel)
g ‘(1qefund) [emeipy ‘(tuoewnsy)
serq ‘(Iemyren) sueang ‘(rredaN)

sueIng) 1[e| ‘UoIpuapoyy poy
yIeoy-uIn

reoy el -wer jod-wer JodLAouoy

©a[, Jopeiqe|

‘Suaxdg xa 'ssnp
'V (TyeA) piwond vioydozoay)
aeooerqroydnyg

1 suada.t vavSidg

“TOWNJ[S
(\qX0Y) WN2oDIUIIIDA WNTUIDIDA

“XUDIIN S2P10]7]134K1 Wn1u1dIVA
“ds vrjaydSig

*J I0[00H pLpdods payd1y
“Zom],

WNIDINUOLINIUL UOLIPUIPOPOYY

‘qua[yEM
(") wnomoddn] uoipuapopoyy

‘youe|d Lafdwany uoipuapopoyy

199MS () WN2IpUI UOIPUIPOPOYY

WS WnaLoqID UOLPUIPOPOYY
I SMIP]0224N SNAYII P
2nIq

(‘aeD) suaquindoad snaydonap
"Ppnf pue uory (19paQ)
WNIIPUDJUIOLS UOIPUIPOPOYY

= UQINH (I19p2Q) WNIIPUDJUIO0LS
“dss auzsnppd wnpay



Introduction

58

(L861) qquD pue qqL)
(L007) Sury

(L861) qquD pue qqu)
(6007) Awry oy jo yusunredo
‘(L00?) U3nO[MDI “(+00T) pue[suels

(L861) qquD pue qqu)

(L861) qquD pue qqu)

(L861) qquID pue qqL)

(2107) e1padyip

(0661) elO19]

‘(€L61) MUISNY “(TL6T) YOUPIH
(L861) qquD pue qqL)

(0661)
e[o1dRq “(7L61) YOUPSH ‘(8961) Joudn

(0661) BloOR]

(0861) YUHg UIP UBA PUE YO

(2107) ‘tpreduy, pue wnuwng

(9¢61) Aysaouex
SQOUAIAJY

SIONLIJ UI PISN UYJO ‘P00 SIOMO[]
9IqIPa SIoMO[]

SIONLIJ UI PAsn US}JO “PAS00d SIOMO[]

9[qIPd SIOMO[]

9AOQE SB Pasn SIOMO[]
QAOQE SE Pasn SIOMOT]

SIONLIJ UI PISN UYJO ‘P00 SIOMO[]
9[qIPa SIOMO[]

9[qe)aS9A St pasn SIOMO]]
SIONLIJ UT UQYJO ‘PAYO0D SIOMO[]

Pa[10q SAJUISAIOPUI FUNOX
AIeU0T)O9JU0D
U Pasn SAWIT)AWIOS J8JOU UT YOLI SIOMO[]

Pama)s
1O PAWIE)S SOABI[ PUE JOUDSAIOPUI Jooys Sunox

U9)Bd SQOUISAIOPUI PUE SJ00YS SUNOX
sexar,

ur 93e10A2q se pasn sdoj JuLIoMO Jo uorsnjuy

SSN [QIP JOMO[,]

yeqeroSpnjA ‘pooMOB[q UBTUBWISE],
Qe A[TeS ‘AI0NOTH ‘poomdde[g
Jmep Sez-317

M

udp[on) AQUPAS ‘O[NBA\ MO[[ES ‘O[IBA\
1SBOD) “Q[IIBA\ USP[OD) “9[qO(] BWOIY
‘SIAIQULL], BIOBIY ‘D[1IBA\ PIABYT-3UO]
IOMO[] a1sseD)

‘O[IBA\ BSOWIIA “Q[1BAN 9SOUIR]

Yeq], uerfizergq

YeqJ, USP[OD) “D[NBA UR], “YIeg
J[NBA\ ‘O[NBA\ AQUDPAS ‘O[)JBA\ USAID)
‘QIIeA Yorld A[led e eiovoy
BSOWIAl

S[NEA JeoT-o5 Ty
POOA OIIAN “DNEA ATTA

pod deos
BIOROY B3NN

jueld [1Q 10ise) ‘(10 Ioise) ‘ueag
10)sE)) “I0ISB)) ‘991], 99JJO)) UBOLIY

wooqeN

sopuy

A} JO UMOI) ‘Jea[owWe]] UBDIXIA
que[d 19)1sqOT ‘Jed| pajured ‘1omorg
SeWwISLIYD “IB1S SPWISLIYD) ‘BIasulod
(andruepy) uoye| Sueyyeq

¢03indg uopien) ‘o3indg Ay
‘Poop rUIYISY ‘@3Indg uowrwo))

PIoMIdY)BI ]

QWERU JB[NJBUIOA UOWWO/YSI[Suyg

1g Y uojlxouvjaur p1OVIY
YU PIUPDAODUL DIDDIY

PIIM
(smarpuy) vijofisuo] p1ovIy

PIIIA (") pupisauinf vovoy

‘PIIIAA SUALINDZP DIDDIY
NUI QPP PIOVIY
‘uoq

‘D) X9 "UUNY) Y STULLOJLIIIND DIIDIY

'O P2IDVLLIOD DIODIY

"2d (PIIA) Puuiouod v1owdy
YU X3 [[ONIN ' PANIUD DIIDIY
QeoORQE

I SIUNWWOD SNUIdNY

‘MBH PU0SD.A12) DIgLoydnsg

yosziofy
X9 PIIIM puirLiayond vigioydnzg

1 vy vigioydng

"SIy TINIAL (Y9SZIOTS])
nsyjod “1eA nspod uojor)
= ‘we3uy snsomquifi0d U001

Queu dYnualds

(ponunuoo) | ajqey



59

Introduction

(ponunuod)

(¥861) 1>unyy

(6007) de[EM

(0661) BIO109R] “(861) [uny]

(Z100) 19708y

(L861) 9qUD pur qqud

(MTT0T-L00T) duea(d “(0661)

©[O1098 *(L861) AqHD PuE QL)

(L861) QD pue qqu)

(£861) QqHD pue qqu)

(£861) QqMD pue qqu)

(£861) 9qUD pue Q)
(MT10T-L00T) durad “(0661)
®I0100R] “(£861) AqHD PU® qqLI)

(L861) AqUD pue qqL1)

(MZTT0T—L00T) duea(

(0661) e[o19E]

‘(9L61) eeuRL ‘(L961) [0IINIBIN
(€002-2661)

u1o “(L861) qqLD pue qqL)

InoAey
[SIJOOMS B SBY pUE UJEI SI JOMOY ) JO XA[ed Y],

9qIPo I8 SIOMOJJ MOJ[QX

PIZI[[BISAID 1O 9[qLIOSA P00 € SE UL SIOMO[]
erpuy ‘Indruejy ur

Aunuwod 1919JA Y3 JO JeaX MAN o) ‘BqORIRYD
Surnp un{ood ur A[AISU)Xa Pasn SIOMO[]

SIONLIJ UT PAsn UAJJO “Pay00D SIOMOL]

soyeoued pue sjoayid Jo 19)eq

Q) ojur paxIw Jo Jurk1y doap 210joq I9)jeq pue
Te3ns ym pajeod ‘monbiy ur padod)s STOMOR TeA

SIONLIJ UT Pasn UA)JO “Pay0o0d SIOMOL]

SIONLIJ UT PAsn UA)JO “PayO0d SIOMOL]

SIONLIJ U PAsn UA)JO ‘P00 SIOMO[]

SIONLIJ UT PAsn UAJJO “Pay00D SIOMOL]

Surk1y doop a10joq 10))eq puR

Iesns yym pareod ‘monbip ur padod)s s1omop aprem
SIONLIJ UT PAsn UAJJO “PayO0D SIOMOL]

Surk1y doop a10joq 10)eq pUR

Iegns yym pajeod ‘manbip ur padod)s s1omop apem

QAOQE SB PIsn SIOMO[]

QAOQE SE Pasn SIOMO[]

rIRIpURY]

KI01D) UIP[OD

‘nuedq [BIUUIN ‘Inuedd OUId
puLeWE], pIeiseq ‘BIORIY URLIONUS |
‘SLIIG UL ‘931, q[IS URISISd ‘BSOWIN

(andrueyy) R[3uo3yD
ueld Y URld Yiid BIOS ‘B[OS
BSOWIIA] AP0 ‘SOSOIN APoLId

S[BA USP[OD “S[BM

BST[IJ ‘O KI0D) ‘O 93PNy
M

MO[[BS ‘B[[eAqOOY 3S[B] ‘O[IBM
[eISEOD) QMIBA ISBOD) ‘B[[RAQOOg
MO[IA\ UOSYOR[ J10d

QINBA\ PoJeRT-on[{ ‘ONBA\ 23URIO
QIIBA JIBAIA -USP[OD) ‘Suofoo))
SMIBA TOATIS O[IBA

SuToo[g-10AT ‘BPILIAA ‘Q[1BA\
dwremg “orep 101eA\ SApounay
YoM

Q[IIBA\ POABIT-pEOIE S[BA\ USP[OD)

e\ UBSIOIN A O[NBM TOAIS
BIOBOY XOpeIed ‘9[NeM 9SpoH
‘amem ApJonq ‘uroy], oore3uey]
o[eM YsU]

oy [, uendA39 ‘esowrjy uendA3yg

J[NBA\ JeoT-MOLIEN

puag sdaoynut Snpsvasy
K103010)
‘DA pue ‘aodery] 1ojuid swovay

zzen wisstqin{ vIzqry

1 p42dsp auauIoulyosay

"PIIM (I9HT) DID][1911424 DIODIY

‘pusg
X9 "Uun)) 'y $11gn12ads nionay
agy (1rqe) av4oydos vi1ovoy

TPUM
“TH (nqeT) vusiyps v1ovoy

IPIUDS Sapouniat viovoy
‘puag pyguvudld p1dvIYy

uo(

X2 "uun)) vijofirikjppod v1oDIY
‘0 pxopvand 12Dy

Usple|N

PUR ‘[[oNN ] 11S2UDYSO DIDDIY

aNea (1) vouopU PIVIY

‘[PUSA\ PIDUOLONUL DIDDIY



Introduction

60

(T107) 190191 puv 19Jj90YoS

(L00T) Sury
‘(0661) B[00 “(S861) HasLIq00]
pue uesued3uod ‘(9/61) eyeue],

(0661) vloO8]

(4Z10T-L002)

aued ‘(1107) ‘Te 12 eleIweN

(L00T) Yyelog pue Lmed (S007)

nH “(0661) eI0199%] ‘($861) [uns|
“(9L61) eeurL, “(7L6T) YOUPSH (27961)
eidno ‘(GH61) [eWWY pue uoj3urreq

(2961) ®3dnn

(8061) MeM “(2061) Srwwes
(Uz102-L00T)

aura( “(1107) T8 1 BIeIweN (L00T)
yerog pue 1ned (L00T) T8 1 Appay
(0661) elo1RY ‘(6861) 1aseIRqood
pue ue3ued3uod ‘(9,61) eYeUBL ‘(SL61)
Puaqny pue unrey (7961) Bidno

(L007) yerog pue Lined

(0661)
e[o1098 (£861) QqUD puE qqu)
0661)
e[o1oR] ‘(£861) QqUD PUE qquUD

(L00?) yeiog pue Lneq
$SO0UAIJY

Ie)00U 9U) J0J I9jeMm WA Ul padad)s soxIds Jomor]

UdJed puk payood APYSI] STIOMO[]

UO1JJes 9JeI)[NPE 0) PISN SUSWE)S JOMO[]

pappord

PUE PY0O0J SIOMO[J pUE Spnq I8} I13y) 10]

Pasn SIOMO[] “PUB[SI UBUIRH UI S9[qeIaSaA se pasn
symiy Sunok pue SI9OMOJ ‘Spnq IOMO[J ‘S9ABI] SUNOX
‘pefes pue (SeAe[eWIH [eAYIRD)) RIPU] UI SILLIND

ur udyed spod pue saAB9[ FUNOA ‘spnq Jomop FUNox
(seAerewly [emylen))

erpuy ur pappord pue ‘payoo0d SI9MO[ pue spng

(UB229(]) BIPU] UI UL SIOMO[]

BISY UI SOLIIND UT pue qIoy3od st udjed payooo
SpNq PuE SIOMO]J ‘PAYO0D JO MBI USJEI SIOMOY
pUE SW)S ‘SIABI] [BUTULIY) SUNOZ *(SeAe[ewlIf]

[eAYIED) BIPU] ‘YSOPeId BIYpUY Ul papyord
puE P09 ‘SO[qeIaSaA Sk UdJed spnq Jomo[]

WESSY Ul PAY00D UI)BI SIOMO[]
SIOMO[ 9} WoIJ payons Iejoou snoido)

SIoMO[
UM ) woIj 1e3oau snotdod payons sauIdLoqy

WesSY Ul PALIj UQJLD SIOMO[]

SSN [QIP JOMO[,]

saysnig anog

JSIpeIR-JO-PIIg Py ‘90U

-I0OMO[] sopegleq ‘eueIouIod Jrem(
‘sopeqled JO 9pLd ‘TOMO[] Jo0ordq
931], 9sipeld Jo

PpIrg MO[[IX ‘qnIyS 3stpered-Jo-pig
(esoumy))

®BI[ 1], -SUBA 991], PIY2IQ) PaIedoLiep
SMYA 100 S [SWe)) MM “BIUIYNEE
QMY ‘991 -PIYDIQ PIJeTaLIBA ‘Da1],
PIYIQ PareSaLIeA da1], prydIQ o[dmg
‘931, PIY2IQ Yuld ‘PIYOIO S.UBIN
100d ‘@aNPIY2IQ @1, PIyd1Q ‘Auoqq
UIRIUNOA] ‘991,100 S [duWe)) 100

s Jowe)) ‘a1, Agronng ‘ysy Apglonng
‘eruryneg ‘991, PIY2IQ UBIpU]

(usope1d eAYpe) BIYOS
(Ue202—eIpuy) 1jopIeg
{(1purH) 1[neuney] 2a1], Jea] 1pig

(reyL) Suoeq

Yo 091§ {(Jemylen)) WeUBYOURS|
9917, PIYOIQ UBITBMBH 100 S,[oWe)
9rding ‘sa1y, pryo1Q 3uoy] Suoy
(esowessy) enoy eIUQL, ‘Lo
‘eruryneq Ieqeey ‘eruryneq oe[r|
eruryneq s, JoOOH

‘Auoqy pue[sudan() ‘AuU0qH urejuNON
‘Auungod ‘eruryneq ‘eruryneg YA\

donueaq uIAyMON ‘Auoqy pue[suedn)
(9souressy) BI0J0Y NEA

Q21T -PIY2IQ AMOUS ‘931 -pIydIO)
QYA ‘BIUIYNEE AYM Jremd

QWEU Je[NOBUIOA UOWWOd,/YSI[Sug

“dds uowaisip)

‘MS () putrLiayond vrurdipsan)

na1Iq
"d (ooH) usay8 puundppsav)

1 DIPSILIDA DIUIYNDY
UI[IOPUNAN D]UdS
PrIYNDG = ‘QXOY DSNIaL DIUIYNDY

W DSOW2ODL DIUIYNDY

" vaunduand vruynng

‘qQX0Y PILIDDIPUL DIUIYNDG

TIONIN o M2Y00y DTG

TIONIAL A 11UOLIDD DIUIYNDY

" PIPUIUNID DIUIYNDG

Queu dYnualds

(ponunuoo) | ajqey



61

Introduction

(panunuoo)

(1107 e

uoostey| ‘(£00z) yelog pue Lned ‘(€661
‘7661) uemnsda, pue odueloy (8661)
‘T 32 uerewesny ‘(Z107) [NYeSIyInse
“(3002) ‘¢ 30 [NESINSIRI

(0661) e[o1098] (0861) Julig Uap
ueA pue 3asyoQ ‘(8S61) ‘T8 12 puelIdg

(SL61) 2pED

(SL61) 9peD

(6861) Masereqood pue uegued3uoq
(qz107) Wry

‘(L007) yelog pue Lmed (L007) T8 19
Appay (0661) B[O ‘(806 1) MeA
(L002)

‘T2 30 Appay “(2661) yesueuryey
(0661) BIO199%] “(8061) NeM

(¥861)

[oyuny (9L61) eeueL, “(8961) Joudn
(9L61) BYRURL “(TL61) MOUPIH

(0661) BIO19RS (9961) IIPINg

(Qz1020) Wi (0102
SBOII[ “(000T) UIPIES “(¥661) 1003

(0861) YuLIg USp ueA PUE 3540

PUB[TRY], UT SOLLIND UT PIY0O0D SIOMOY {Wessy
I9MOT Ul SOIeD) AQ SI[qLIOTA SB POY00D SIOMO[]

SO[qeIRSeA PoWEa)s S USJEd SIOMO[]

(A9[TeA BIOUBI[IA) NI UI USJB PUE PI[I0q SIOMO[]

(A9[TeA BIOUBI[IA ) NI UI USJL PUE PI[I0q SIOMO[]

PO0J SB PAY009d JANIq SIOMO]) ‘SAABI] FUNOX
wessy Ul payood

uoJed spnq pue siomoy ‘ojdoad [eues £Aq usjes
SIOMOY ‘RIPU] ‘YSopeld BIYpPUY Ul UJBd SIOMO[]

AMISqNS 99JJOI St Pasn SIOMOY PALI(] “BIPU]
‘Ysopeld BIYpUY UI 9[qeIoSoA Se Uajed SIOMO[]

PaY00D 10 MBI UJES SISMO[,]
PAY00D IO MBI UAJLD SIOMO[,]

Sunmoaey se uojes sIOMOY ‘BISKe[RIA UL

PoLIJ IO SALLIND UI pasn 9q ued spod 3unok ay,
*A1md Jnuead pue [[[JTULIOA [)IM PIYDSULRQ UAED
10 dnos weA wo) ur ynd are soAe9[ Junsel-mos Y,
" uyd, weu y)im payoue[q pIAIds dIe Uedq PIOMS
) Jo s1omop pue spod FunoA ‘sjooys FunoAk ayJ,
(Qe[e[, SB PAWE)S UJLI SIOMOYJ ‘SoABI[ FUNOX

(rey1) reX Yo7 Iy

(rey L) o 19H Wy

‘TUd YT 1Y ‘P2 SUDUNS ‘PR
99JJ0D) ‘99JJ0D) 0IFON ‘BUURS 29JJ0D)

(enyoanQ)) Amny

(enyoanQ)) Amny

(fey]) ureg ovwes ‘oey o7 IYY ‘ULS
YoT Iy ‘Suariy Yo 1Y Syedejeuriy
(osauwressy) nreuos :(ysapeid eIypuy)
eloey ‘a1, odig Surppnd "wnuinge|
UBIpU] ‘I9MOYS UIP[OLD) ‘BIBISBD)

(ysopeiq erypuy) npague], {(n3n[aL)
WEILAY ‘BIEMBUERY ‘BUUDS ULIBAY

qQnIys B dsauIy))

qniys eod

ueog JOPUOA ‘Urdg AIZUNORIA
‘ueag-yor[ [eiseo)) ‘ueag-yoe[
opIseas ‘ueaq Aeq ‘ueoq yoeog

(esoueder)

QwewejeN :(Tey]) eeqd enyJ,

‘dee( eny, ‘eeIyd eny[, ‘ueoqg pioms
uedg WIOJISUH ‘Uedg Yor[ UOWWO))

Aqoureg
pue uimif ‘S'H (‘we) vawvis
DUUIS = "W DIUIDIS DISSD))

Ut (1) SipIuap220
DUUIS = SYDIUIPIII0 DISSD))

Aqaureg pue urmiy

*S'H ([9307) 4070215424 DUUIS

= 1980/ pivjonadov] vissv)
Aqoureg pue uimiI ‘S'H

("JOOH) PUDLIIYOOY “TBA S14JS041q
PUUIS = “NOOH DUDLIIYOOY DISSD)
Kqoureg

pue uimi[ ‘S H (qre1r)) puvijjaiins
PUUIS = QIR PUDIIILIDS DISSD))

1 ppnisif vissv)

‘qxoy (1) vivnoLINY

DUUIS = ] DIDJNILIND DISSD))
“opyay

(‘zoy,ong) vo1u1s vuv3IvIn))
SY001S PNS1qUID PUPIDAD))

‘0 (‘M) Dasos DIPADUD)) =
‘qin) (1qQnV) PuLADU DIPADUD))

‘0 (‘boer) viwipn)s vypavuv)
‘0 (1) snuiofisua vipavuv))



Introduction

62

(0007) upres
‘(G861) Hasereqood pue uesued3uod

(0661) BloooR

(€661) puereD

‘(T661) Ao pue sdiiyd ‘(0661)
BO10R] ‘([L6]) 2AUD (8961) Jouydn
(0661) BIO1R (486 1) [UNY]
(0661) v[orR]

(1861) swerm “(8961) Joudn
(TL61) PUPSH

(1102) Te
uoostey ‘(8007) ‘[e 32 Sunpreieinom
(9961) TIPHNG “(TL61) YOUPOH

(8661) Z01D.d

(0007) s11290Y (0661) BIO1OE]

‘(9L61) eyeURL ‘(7L61) YOUPIH

(0661) BIO19%] “(9€61) Aysaouex
(6002)

Jouuo)), O pue uewMIN ‘(0007) SHqOY
“(0661) e[010%8] (9L61) eJeuBL ‘(+L61)
Iys “(zL6T) ¥OUPSH (8961) joudn

(0661) BIO18] “(SL6T) 2PLD

(S861) Masereqood pue ue3ued3uod

(9¥61) Peoy
SOOURIOY

dones I[[1yd Aoids ur paddip uejes

10 A13-1s Ao1ds ur S9[qe1agaA SB Pay00d SIOMO[]
B[[1110] 1O SUBIQ O) PIPPE PuB PAWL)s

QUM SNOUISE[IONW SAW099q SIOMO MOJ[OX

©9) [BQIOY UI pue

‘papyord 10 ysaly ‘pefes se uea spnq 1oniq ‘Surjood
ur pasn sdoj Surremop pue spnq Sunox s1ades 103
AMNsSqns & se pasn pue papyold ore spnq Jomop Y],
QI8 SIOMO[]

UQJBD SIOMO[]
qIaypod se uajea SIOMO[]

9[qe1a52A S pue 119sSop
‘pees Ul pasn :JUeINO[Od POOJ B SB PAsn SIOMO[]

d)se) AJe9] pue dSLIO B 9ARY SIOMO[]
[/0q pe[es 2y} 0} UONIPPE J0IU & Iyeul

pUE 9JSB) PIOB-USI)FOMS B QABY ‘MBI UI)ED SIOMO[]
papyoid spnq ‘spe[es 0) pappe ‘MBI UdJed SIOMO]

aymnsqns 1oded se pasn papyoid spnq pouadoun
papyoId JO PAYOOD ‘peles Ul MBI UJBI SIOMO[]

(Ka[[eA BIOUBD[IA) NISJ UL US)JES PUB PI[I0q SIOMO[]

POO0J SB P02 ISNIq SIOMOY ‘SIABS] SUNOX

BUIYD) UI UJLD SIOMO[]

SSN [QIP JOMO[,]

(rey L) weN-oemy ‘ueoq e3uo],

‘ueag S URTA 100 ‘UBdq qeT-qe|
‘soyorjo( 1esuoy ‘sieg-31d ‘ueog

PIoL] ‘Uedg qe[qeT ‘uvag YHutoekH

o[[1TeUlY O[ed ‘OUBJRIA

poam3oH ‘woolg ‘woolg yojoos
X0Qa[ey Jea] Iopud[S

Xoqaney

yeaqsuo ‘urpidry) ‘urpidoy) ‘qrdoy)
RLIB[RJOID) PIABY[-SSRID)

BoJ-UBJOPIO)D)
pue eog-on[g ‘®dq Agronng

MB[D 19SQOT “Itg

s joxred yeag-eyey eaq s.Joled

QAI1], QA0 “9aI], sepnf
pNgpay UBILION[ED ‘PNGPY UIAISIM

391, png pay
pNgpay ‘991 sepn( ‘pngpay wIdlseyq

(enyoonQ)) Amn

(rey 1) Suoeq YT I3 ‘ed

NOT IS 78N YT Iy BISSED PIIM
(rey L) 391U Yeud oYU Yeud

‘ueq UeA Yeyd ‘(1putH) epuneses|
‘euuag poAea| Joddod ‘euusg ueoLyy

QWERU JB[NJBUIOA UOWWO/YSI[Suyg

1omS§ (1) snauandind

qvqr] = 19v|qv] soyoijodq
‘boer sisuauadvyrivo vsdydiq
= ds[[IA sapromuiqos vsydiq

Nurg (‘1) snpdoos snsyc)
uo(J ‘D PIN|0IYI0 DIIDIDIOL)
‘ury pue

OOH DIDAISOL18UO] DLID]DIOL)
‘PIIIA\ POND]S DLIDIDIOL)

] D2IDULI] D2LOII])

‘Pury
(‘uoq D) snadmund snyuvi)

1~ EE&NWQEWNNNM hwbkmr\v
KeID) "V S1DIUAPII0 §10420)

1 SISUIPDUDD S1242))
KAqoureg pue

urmiIf 'S°H (‘boer) nsompuvSinu

PUUIS = *JT] DSOJUIUIO] DISSD))
Aqoureg

pue uIAI S'H ('DQ) SIsuaLiou

pUUag = D SISUILIOULL] DISSD)

‘qxoy (") niaydos

puuag = ‘[rep (‘1) piaydos vissp)

Queu dYnualds

(ponunuoo) | ajqey



63

Introduction

(panunuoo)

(0661) 01992 “($861) T UN|
‘(9L61) eYeURL, ((9t61) Peay
(1661) Teypueuey

(1661) Teypueue]y

(z961) v¥dno
(8061) ey
(0661) BIO1B “($861) [qun]

(9L61) eRURL, ((8061) s

(1107) weisey

(0661) BIO109R] “(1861) SWRI[IA

(9210T—L007) aueaq
(0661) e[o10R
“(8961) Joudn “(€L6T) INYISHY

(9210T-L007) 2uead (0661) B[O1R]

(0661) B[O109B] “(1861) SWRIIA
(9L00T Quea(q) Auedq

(0661) BIO199% (9L6T)
eYeuRL (SL61) FHIGNY PUL UNIBIY

(0661) BIO19R] “(861) [9uny]

(0661) e[o1E] “(8961) Joudn

Lute)
UI UQJEd PUE PA[I0] I SIOMOJ) PUE SOABI[ A,

papyoid pue pafloq dIe SI9MOY Y],
popyoid 1o 9[qe1asa € se
PaY009 a1k spod dInjewI JI9PUL) Pue SIdMOY Y],

(seAe[ewIIH [eMUIeD)) BIPU] UL USJED SIOMO[]
eIpuJ ul qIoyjod se uojed SIOMO[]
9[qrI1a39A © SB UJea A[[BUOISBIO0 JIB SIdIMOY Y],

SO[qe)a5aA SE USIEd A[[BUOISEII0 SIOMO]]

MeI udled somoy ding

sqioypod
Se P09 IO PaLIj pue Iojjeq 539 Ul payo0d SIOMO[]

Iojem ur sueaq Surns oI
PIY005 pue J[qIPI Ik SIABI[ SUNOA pue SIOMO} Y],

B[EWIEND) PUB JOPRARS [
ur sueaq Surms oY1 USJed Spnq JOMO[J PUB SIOMO[]

PIYOO0D UAJED SIOMO[]

UQ)JBI PUB PAY00D ‘I3)JEq OJUI PIP[OJ SIOMO[]
OOIXQA] UI PAYSI[AI puE J[QIPa PaIodal STOMO[,]
SQUSIP 330 UT pue SM)S UT Jeatlt

UIIM UDJBD QT8 SOOUQDISAIOPUT AINJRUIL PUE SIOMOL]

o 19)sey Je so[ewre) ur A[[eroads udjes are
SOOUQOSQIOPUT QINJEUWIWT PUE SIOMOY Y} “OOTXIA U]

SoATIEU AQ SO[qBIOSAA SB PAWNSUOD SIOMO[]

o31puy as[eq
ysng o31puy ‘o31pu] ueAe[ewryq

o31puy [e3od Azzng

031pu] s, pIeIan) ‘03Ipu] ueAe[ewWIH
(uerremeq) 1094 ], ‘ney ‘yemayie’y]
o31puj eISSED)

o31pu] BISSBD

QUIA

e[uedesteg osye] ‘e[juedesies oAneN
UOI] JO 93I], ‘wnjg

JUIDUIA IS YONS JoImQ ‘opeys oedoe)
uengeIedIN ‘€000 JO YOI ‘Oe[I']
URDIXI[A ‘BIPIOLII[D) ‘OBOR)) (] AIPRIA
IIAIIAL UBIPU] 93N[BI0D) UBIPU]
9an[eI0)) pajeSaLIeA ‘UBaq[eIo)
poje3alLIeA ‘Me[)-SIa3I], ‘ueeg

[e10D) UBIPU] ‘991, [BI0D) PIIBIILIBA
[TuoIa ‘ese)) 9 B[[IUIdd

‘0JuBS O[Rd ‘01d 2 O[ed ‘OIED
Ieadg [eulpre)) ‘ueaq [eI0)) UIA)SEH
oAeong ‘o[[eouwruuy

stog ‘oy[en ‘vanyero)) ayding

uedd [BI0D) UIAISIMYINOS ‘UBAQ[BIOD)

A1, [eI0D) 011 ‘Urdg [eIoD)

uLI0[0D) 9] I0[] ‘9a1],
[eI0D) PEN ‘991, [eI0)) ULOLIOWY

urdny prop

‘wnsjeA
prio1ouropnasd vaafo3ipuf
SIpuRlg DYIUDA2]2Y DA2JOSIPU|

1eq vppiadaqay viajfodipuy
‘SIpuRlg DYIUDI212Y DA2JOSIPUT
= IRy PUpIPInI28 DA2f0S1pUT
uo(J " rnsop viafo3ipuy

‘0 $2p10188Dd DA2JOSIPU]

"D §2p101ssvI A2JOSIPUf

= qxoy] pjjeyond niafosipuy
ureals

("AUYDS) P2IV]OIA DISIIQUIPIDE]

“drepy (‘boer) wmidas viprorin

] DIDSALUDA DULIYILAT

puny| v1aLuLIGnL uLyIlig
" P2IDQIY DULIYICLT

IO pasnf vurLiyIlig

= "PIIIA\ PoND]3 putayfasg

Kaureay] sutiofijjaqvyf vuriyilig

"qQI() PUP042LI2q DULIYIKLT

‘A PUDILAWD DULIYILLT
"qneJ, SHILDYOISPUDUILY

“dsqns snoryospuvuiry soys1oq

= ey snuvsoypul soyatjodq



Introduction

64

(L861) 9quD pur qqud

(1661) M0

(L861) 9quD pue qqu)

(0861) UL USP ULA PUE ISYOO

(1T0T) Te 10 UoosIEy]

(002) "H

(5002)
NH ‘(#861) [oyuny] (9L61) eyeue],

0661)
B[O1098] ‘($861) [UNY “(9L61) BYeuR],
(L002)

uaAn3N pue eyeue], ‘{(0661) BIO109B]
(686 1) 1aseIqood pue uedued3uog

“(TL61) MOHPH “(8S61) T8 12 pleuta

(IZ102-L00T) duead “(9161) Peay

(2100) Y2191
pue 1139eyds (1107) TNIUHS

SOOURIOY

SIOMO[ WOIJ PAYONS JeJooN

SYULIP 9Yew 0} JoJeM Ul PAYEOS JO SIOMOY
WOIJ PaYINs JeloaN “YULIp SUNBIIXOJUl Ue e 0)
PAIUSWIIRY PUL AQUOY (M PaxXTW ‘papunod Iomo[]

SIOMO) WOIJ PAYONS JBJOIN

9[qe1050A SE PaYO0d puE PE[es Ul UdJed Spnq JoMO[]

PUB[IRYL, UT USJBD SIOMO[]

BUIYD) UI B) JOJ PASN SIABI] PUB SIIMO[]
uede[ UT paLIy JO PI[I0Q USJLI SIOMO[] "BUIYD)
Ul 89) SE pasn spnq Jomop pue Jooys AJed] Sunox

sdnos 01 pappe 10 qioyjod e se pasn pue
PaY009 ST douddsToyuI oy} Surpnpour Juerd Sunox

SMIs pue
sdnos 0} poppe 10 ‘powed)s Jo MeI USJed SIOMO[]
BUIYD Ul j[es pue [10

)M UJBD PUB PAYsem ‘PI[Ioq A[YSnoIoy) SIOMO[]
peres 10J YsIuIes [NJInojod Se pasn aq ued SIOMOL]
"B0) PUE J8)OAU JO 90INOS JOIMS JOJ UJED SIOMO[]

SSN [QIP JOMO[,]

erurynegq

{Auoqg pue[suaan() ‘eruryneg YA
¢AU0Qy UIBIUNOA ‘eIuryneg s JoYOOH
‘pue[suaan() ‘Auoqy ‘Urejunoy ‘Auoqyg
‘Auun3od ‘eruryneg ‘YA ‘eruryneg

erwayog
9911, ueag pue[SULINQ) ‘9a1], BIUIYNEy
eruIyneg suolre)) ‘anueag UIdyLON
‘Auoqg pue[susan() ‘eruryneq pay
Kequun[ ‘oeurdod

AIYAM ‘Uedg dIquIn( ‘purrewre],

9SIOH ‘BUQBONIT ‘BOMH ‘9JORH

BOY] ‘991], PBOT ‘91pea] AMYM
Kequuny ‘oeurdog

AIYAM ‘Urag diquin( ‘purrewre],
9SIOH ‘BUQBONYT ‘BOYH ‘D[OBH

BOY ‘93I], pBATT ‘“QaMpea A
(uerjo3uoyy) Inquooysoyy] nn3eq
‘(asouy)) 17 1y7Z nIN ‘ezapadso]
uerjoSuoJA ‘19A0[D ysng-xO
‘(asoueder) 13eH-ewex {(esoury)))

17 147 N ‘19A0[D ysng Areje],
(esoueder) o3eses

Tyoe)[ {(3s9UIYD) NOJ, SULTY) Ueys
‘no( Juer[ ueys ‘no( uepp Suery
Suejq Suerf ‘no( I'T ueyS Sue
Suerf ‘no( '] UeYS e( ‘enH UIL Urg)
(Tey L) weN-oemy ‘ueag eIUO],
‘ueag s, UBJA 1004 ‘ueog qeI-qe
‘soyorfo(J TeSuoy] ‘sieg-31 ‘uvog
PloL] ‘ueag qeqeT ‘U YIUORAH

BLIOISTAN osoueder

Iouuny N9[ILOS ‘Ueunsoq Suruuny

QWERU JB[NJBUIOA UOWWO/YSI[Suyg

Karpod
CTPNIN ) May00y wn)jdydis<y

A9Ipod

(Korreq) wnapid wingdydis<y
Karpad

(NN ) 11uodtvd wnjydisdy

MM
ap (‘we) pypydadoona) PuPINIY

= puag ('PIIIA) PoND]3 vUaDINI T

M
op (‘we) vppydadoIna) PUIPINIT

‘PUtysS
("wixe) pounapp v2apadsay

"ZoN1], 40]021q D2apadsa]

QoueH np1Avp SNy

199MS (1) snaundand qoiqo

"0 (PIIIA) PPUnqiiolf viaisiy =
‘qne, (PITIAN) Ppunqrioy viyunv.Ly
1Y vivisoad vipauuay

Queu dYnualds

(ponunuoo) | ajqey



65

Introduction

(panunuoo)

(8061) BeM

(L007) Sury

(0007) UIPIES “(000T) PIeAPOOA
“(661) UBY (0661) BIO1]
“(0861) UL UIP UBA PUL 3SYIO

(Wz102-L007)
auedd ‘(6007) Jouuo),O pue UBWMIN

(£007) Sury

(lz10T-L007) 2ueaq ‘(e710T)
snowkuouy ‘(600g) Iouuo) O pue
uewMaN ‘(6661) SUBAH pue dreplopne]|
(0661) B[O1R] “($861) [duny

(2107) 1yreduiy, pue wnuwmg

(t861) loryd

(L007) Sury

(0661) B[O109%] (TL61) ISINYMOILD

(€661) puelren
‘(€00T) PIPYOYIS “(TL61) NOLPIH

(0661) BIOOBA “(#861) [UN]

(0661) vlo1R] “(LLOT) HRID

(0661) BIo9R] “(9L61) BYRUR],

(ued59(]) BIPUJ UI UAJBD SIOMOY PUB SPIIS

SOUSIP JOUJO puE pees Ul pasn SIOMO[]
Jysed (1qryo Ao1ds) requres

' ur dip 10 A13-1ms Ao1ds ‘eandwre) oI parlj-19)1eq
IO PowWed)s ‘Spe[es Ul Udjed Spnq pue SIOMO[]

RINa

ead ysoIj B ARy pUB Pe[es Ul MBI J[QIPS I8 SISMO[]

J[qQIPa aIe SIOMO[]

UOIIBIOOIP JOJ SAYSIP UBIQ JOUUNI PAYOOD
01 Pappe 10 ‘IBIO2U JO JUIY B (1M INOABY UBdq
Pl & SUIppe ‘Spefes ur Mel udjed 9q ued SIOMO[]
udyed spod pue seoudSAIOPUI FUNOX

spefes

UO UOTJBIOJP © SB PAsn PUE MBI U2Jed SIOMOL]

Ioyem IOMOY PI[ISIP
Jjo uoneredaid ay) 10J pasn 10 PIZI[[BISAID SIOMO[]
S199q pue SOpEULIRW )Iqqel

Y17 sSuyyms pue saSesnes INOABY PUE JUIDS 0] pasn
pue parip a1e sdoj Jomo[,{ "SULINOAR] © Sk Pasn aIe
SPI9S PUB SIOMOJJ S, ‘P00 JO MBI UJBD SIOMO[]

Sunmoaey oyI[-e[TUBA
B SE POsn PUB PAY0O0D JO MBI UJLD SIOMO[]

©9) 0Jur pamaiq pue jurwraddad 10

jurureads pue JOAO[D Pal Y)Im PIPUS[q SPEAY JOMO[]
sdnos ur pasn 1o patiy-Ins

‘qroypod se payood IO pe[es Ul MBI U)e SIOMO[]

oury] ‘oury] Jeqe[eJA ‘9d1], Oury| ueIpuy
POOMISOY AUIND) MIN
‘BLIBN ‘BUSS ‘BUBSSUY ‘POOMISOY

ueaq SSaouULld ‘Ueog

paSuipy uedg eon) ‘urog pI[3UY-INO
©9J MOUS ‘o 10om§ ‘Bdd deug

‘Bod UQQID) ‘B9 YSI[SU ‘Bod UopIeD)
JOOLIRH ‘uedyg P[oT]

‘ueag uopien) ‘ueaq 3ulng ‘uedg
Aaupry ‘Ueag UOWIWIO)) ‘SUBY UIAID)

ueag Ieof UdAdS

‘ueag 9JIUY Ase) ‘urdg Iouuny yang
‘ueag Jouuny ‘ueaq Jouuny 19[S
(andruey) YeyoSuox ‘uvog 991,

MOIIRH 1S9Y ‘MOIIRH 1Sy Aurdg
nyoeyidey]

93BYMOD) ‘YIIMOD) ‘UBI JOA[IA
jueld Uy ‘ssein) Jurdad[s

Juerd [njoureys ‘ue[d S[quiny
“JON-OIN-UYONQ], ‘Yue[d 9ANISUAS

JO[IPIN
uowwo) 10PN PAGqry 101IPIN
MO[[OX “IOAO[D) 199MS MO[[IX “IO[I[OIA

I9A0TD) JIMS AMNMYM JOTIPIN SIYM
JIPaA

9rding ‘oureonT ‘qIoH oreyng ‘IoA0[)
BIWIOJI[ED) “IOAO[D) ystueds ‘ej[ejy
OIPIJAL LIng NOIPIIA PAYIOOL, “IA0[D)
Ing payloqQ], ‘IA0[dINng BIUWIOJI[R))

‘qQx0y wnidns.aous sndivi04alg

"PIIIAA SHo1pul sndindodard

0d
(") snqojouodn.ja; sndivooydosq

T WNAYDS Wns1g

1 SLUDSNA Snj0aSLYJ

1 SNAUIDD0D SNJOISDYJ
WRIN (‘D) PUDLIOW] DIYADY

"] psoulds suou(Q

*0q (1) suaranad punonpy

" vowpnd psowipy

‘Ired (7D sypudyffo sniojjapy
TYSTOE], PUE IYseyQ

"H (NIPIIN) vqqv “dsqus sypuroiffo
SnIONI2 = QAP DGV SNION 2N

] DALDS 0SPIIPI

1 vydiowdjod 03vo1papy



Introduction

66

(0661) vlo10oR]
‘(9L61) BURURL, “(9961) TIPHNG

(L00?) yeiog pue Lned “(zS61) dutAll

(8007) Te 10 Sunpjekeinopm
(0661) o108

(0661)
B[O1008] ‘(TLOT) MOMPSH ‘(1L61) 943D

(8002) 'Te 10
Sunpiedeinop ‘(qr661) YSIog uap uep

(L00T) T8 10 uedessopm “(0661) BI0T00R]
‘(6861) MaseIeqood pue uedued3uog

‘(9L61) BRURL “(9961) NPT

(S002) nH “(0661) B[o1R]
‘(TL61) ISINYMOID “(8S61T) T8 10 Pleuta]

(8661) UBWIOI (0661 BIOIOI]
(9L61) BYRUEL, “(9£6T) L saouex

(9L61) BYRURL

(£007) TeoIAOIN

(z “NTT10T-L00T)

Qued( ‘(0661) BIOWR] “(8G61) Te 19

PIBUI] ‘9661 ‘T8 12 U20ID (S002) NH
SQOURIJOY

AqIPo SIOMO[

weld 10 2011 papunod
[)IM PALIJ USJED SIOMO[] “BOLIIY ISOAA UI USRS
$o100dS PojEAn[ND SOWIIOWOS PUE P[IM B JO SIOMO[]

POOJ Se Ue SIOMO[]
PaYONS 1810 JOMO[]

s1odeo oI] pasn pue Je3aura ur papyord
IO QUIM OJUT 9PBW ‘SPB[ES 0} PIppPE I SpNq JOMO[,]

puR[IRY], UT U} SIOMO[]

qJoyjod se pasn pue Inos aIe SIOMOL]

yuLp juesea[d e ojur opew

10 19)38q yeoued 0) pappe ‘palLiy pue 1aneq 339
ojut paddip S1omO[{ "BUIY)) WIYIIOU Ul UJ)Jed pue
PAUOSEAS ‘POUILD)S “INOY [IIM PIXTW JOMO) PIYSBA\
Payood

10 uoneredard JNOYIIM MBI USJED SIOMOY YUIJ

MBI J[QIPA SIOMO[]
J[qQIP3 SIOMOL]
sopyord 10 sarffal ojur opeU IO PIYo0od

S91qe10S0A SE Pasn SIOMO[ * By BNy-nM, 9}
JOMO[J-9AT) UI JUSIPISUI SB Pasn Spnq pue Jomo.]

SOSN 9[QIP JOMO[]

erueqsoS Aurdg ‘ueqsag Aporg
ueqsog uend43y ‘erueqsog
‘ueqsag ‘uedy IOATY ‘19YJ0I] ‘pod
omey uend4A3y ‘ueqses uowwo))

9a1], possey| ‘poomyoeg Aequog
uedg-1o0g jremq

woorg

[9)09S ‘WOO0Ig [SLI ‘BISTUID) ‘W00Ig
(KereN) ueresuay,

‘stden) {(1ey ) WeN YOS ¢9a1], Bjoysy

(KereN) ueresuay,

‘stden) {(1ey L) weN YOS ¢921], BYoysy
(esoury)) reny Suex

$921], epoTed US1910 SN0 Yor[g
JSNO0"T UBDIXIIA] MON

1SNO0
950 ISN00T A[SILIg ‘BIOBOY 9S0Y

(esouryD)
Udn) 90 QUIA NZpNY ‘nzZpny|
QWERU JB[NJRUIOA UOWWOI/YSI[Suyg

SuM
‘M (‘boer) nsouidsiq viungsag

AN (]) Upqsas piungsas

= 110d povyd 3ap piunqsag
Aqoureg

pue uImI[ ("We|) paumis uuUs§
arog vivndna vyoyss

ur D

snupdoos snsuc) = Yoo "["A'M
(") snupdods snuupyI0IDs

1 PIIPUL DIDUDS

1 vorpul
povAv§ = uteld r3nliq ovIvg

1 provavopnasd vIUIGOY

KeI0) "y DUDIIXIUWIOIU DIUIGOY

‘plouypg
("3001() SupLINXN] DIUIGOY

1 vpudsiy viqoy

eplowy ‘NS

pue uasaen (‘PIIIM) PIPGO] “TeA
TIQIN ((INOT]) PUDIUOW DIIDIING

= 1840 (PIIIA) DIvqo] DLDIING
QuIel dYNUAS

(ponunuoo) | 3jqey



67

Introduction

(panunuoo)

(Qz102) W (0102

SBOII[ “(000T) PTeMPOOM “(0661)
BOTOOR] “(6861) SIOWIION (L861)
UOMOIA ‘(0861) JULIg USP UBA pue
920 “(9L61) BYRURL, “(ZO61) Sruwen

(S002) NH “(0661) BIOW’A (9L61)
BYRURL, ‘(€L61) INYISIY “(9¥61) Peoy
(0661) vlo0oR

‘(9L61) BYRURL, “(€L6T) INYISIV

(002) n"H

(L00T) yeiog pue Lmed

‘(0661) BIO1O9® “(6861) 2I0WNIOIA
‘(9L61) wYRURL “(LEGT) [91Z[BC

(S861) Masereqood pue ue3ued3uogd

(0107) seoxf
“(8007) ‘e 10 Sunpyefeinop
“(L00T) ueAn3N pue eyeue],

(0107) seanf “(L00T) yelog

pue tmed (£00¢) UeAnSN pue exeue],
‘(S002) NH ‘(8007) T& 12 SunpyeAeInom
“(000T) prempoom (8661)

‘Te 30 uerewresny ‘(7661) uemnsday,
pue odueloy ‘(0661) BIO1OOR]

{(6861) Masereqood pue uedued3uod

“(0861) UL USP UBA PUL YO

PaY009 10
SPR[ES UL MBI UJJBI SIOMO[ PUB SPISS ‘SINIJ ‘SOABI[
‘spod oy ‘(UISYIIOU ‘9)rIS ouey]) BLIDSIN U] "UBD
QI SIOMO[J PUE SIINIJ ‘SOABI] ) ‘UBYISe[ey UIdIsom
UJ "SOLLIND JO SPUD AUBW JO 9)SE) dY) SOIUBYUD
9)SE} INOS YL, "9[LIOTA SB USJB AIL SIOMOY

pue sjooys SUnox "3y sir JoJ umois A[jensn 931y,
pooj

S U9)ed OS[E pUR BUIYD) UI BYD BNY-NM, PI[[BI 83}
IOMOJ-OAT) UT JUSIPAISUI SB Pasn Spnq pue JoMmo,]

BUIYD) UI UJLD SIOMO[]

BUIYD) UI UJB SIOMO[]

weld 10 9011 papunod

(M UDJED PUE PILIJ SIOMOY ‘WESSY U] “Ud)ed

S)INIJ PUB SIOMOP ‘(2)81S OUBY UIYLIOU) BLIDFIN U]

P00 JO MBI UJB SIOMO[]

Y[IW JNUOI0D PIAUIIMS UT

PAY00d INOY 911 AONS JO S[[eq PAINOJOD T8 YITYM
¢ 10] Nq WOoUeY, St Yons $}I9SSOp SNOLIEA 0} JNOJ0d
MO[[A B 9AIS 0] Pasn aIe Aoy} ‘9our)sqns PIOUIOIEd
B UIBJUOD SIOMOJ] o) asnedaq ° 1dey yuyd, weu
)M PIAIIS QI8 PUB PAJUIULIDJ JO 339 YIIm PaLly
‘payouB[q ‘MBI IAYIID UAJR? ATk s1omoy L, * yuyd
weu, s UdJed pue payooo aIe sjooys Sunok oy,
weld Jo 9011 papunod s ujed

pUE PALIJ AIe SIOMOY ‘WESSY U] "PALJ pue INop yIIm
paxtw 10 sumerd 10 yiod yIm paryy {(A1Imd mnos

PUE JoOMS) ,WOS Fuoey, Ul pasn 9q OS[e Ued SIOMO[
QUL "SuSwIe)s I9)Iq ) JO [BAOWIRI A} J)Je SIOMOop
oy are se ¢ yuyd weu, yim usjed pue payoue[q

QIe SOABY[ JUNOA pue S}00YS A} ‘pue[IRy], U]

1SILJ POAOWAI [1ISI] *SI[qEIOZIA Se PAY00d

spod pue soAea[ SunoA ‘sjmijy SunoAk ‘s1omor

puLIBWE],
9917, epoded

‘K110 MOT[QL 1], JR[OYOS SAuUIyD
‘901], epo3ed ‘9a1], epo3ed 9saueder
[eIne

UrejuUnoOA S,pIAe( ‘@i, epoded qniys
(asaury)) 1D BA 3ueT {[oIne]
UIBIUNOJA S,PIARB(] ‘991], epoSed qniys
ueqsoS uend43y ‘erueqseg

‘ueqsag ‘ueaq IOATY ‘19Yl0I] ‘pod
ey uend4A3y ‘ueqseg uowwuo))
(Tey1) ON BS

‘ury oueg ‘ee 991 IS ‘SuorH Suoy
Yeyd o urs] Oues ‘eoJ-BIUBQSIS

(reyr)
uIy oueg ‘ee 221 IS ‘Sucey Suoy
yeyd Yo ury oues ‘BoJ-eIueqsas

(esoueder)

04000 oIS ‘(YsISuy) prqsururumyy
9[qe1o3aA parg Juruwuny

9[qeIaSoA 91T, BLIOISIA 1O[IBOS

"1 vIIPUI SNPULIDWD],

noyds

(‘1) wnowodpl wmqojouydsis
= 1 vomodpl vioydog

‘[oAeq (‘youesy) upiavp vioydog
‘[oAed (‘Yyouesy) npiavp vioydog

= QourH p1]0fi1914 DIOYdOS

LB “(*]) UPqsas viunqsag

(‘b)) vo1uvav( viungsag
= "LIQIN 11YS4NGX04 DIUDGSIS

"brn voruvanl viungsag

's19d (*]) pLoYfipunas viupqsag



Introduction

68

(IT10T-L00T) dueaq

(S000) "H

(0661) v[o19RA “(1L61) 2ALD
(AZ10T-L007) duea( “(6861) M0

(9€61) Aysaouex

(8661) urULISO]N

(€002) PIPYOYDS (0661) BIOOR
(6861) M0 *(L861) Q1D puE qqL)
‘(TL61) MPHPH “(8S61) T8 19 pleutag
(6007) Iouuo) O pue UBWMIN

‘(€002) PIPYOYDS *(000T) M990y
(0661) BIO1R] (6661) SUBAY pue
9[epIopNeT ‘(L661) Usered (6861) MO
‘(L861) qqHD pue qqL) (9L61) ByeuR],

(9¢61) Lsaouex
(0661) BIO1098A (LLOT) UOSINDG

(€002) PIPYOYdS
(0661) BIO1098A (LL6T) UOSIND

(8661) urULILOIN
(8661) UBWIDOIA

(0661) BIO1RA “(LLOT) UOSIND
SOOURIOY

PAY009 9[qIPA STOMO[]

BUIYD) UI 9SN JOJUIM JOJ PILIP

10 Usa1J pay00d Spnq Jomo} Suipnjour Jooys unox
SIYIOTO 03 S3T9 I13)sey QAP J0J pPasn udq

0s[e oAeY SIOMOY JYSTIq YT, ‘Spuow[e aYI] d)se)
Inq U009 Jo APYSI[S [[oWS SWosso[q Y} ‘A[ppO
"QUIM INOARY 0] Pasn JO ) OJUI dPBUI ‘Spefes

0 pappe 9q ued A9y, '9[qqIu OPIS[IET} & ATe SIOMO[]
spe[es ur uajed pue JeSoura ur papydId spng

BIWIOJI[B)) UI UAJBS SIOMO[,]

INOAB[J JO9MS B QARY PUB MBI U)BI SIOMO[]
I8)00U I0J PIYoNs

SIOMOY ‘FUI[[Y YOIMPUES S PIsn SIoMO[ Sunok
‘sopyord pue sauim ‘maiq 10j padadls speay Jomo[]
Q011 Pa[10q uo papyuLids

pue paropmod ‘poLIp peay JOMOY ‘SIONLY se A1)
pue 1a1eq ur dip ‘dnos 0) pappe ‘Ie1oau I0J payons
SIOMOY ‘JUI[[Y YOIMpUes S Pasn sIomop Junok
‘soppord pue souim ‘maiq 10y dosys speay J1omof

BIWIOJI[E)) UI UdJEd SIOMO]

©9) pue MaIq 10J dod)s Speay Jomo,]

©2) OJuI

AYeW PALIp SPeAY JOMO[,] ‘SINLY st AIj pue 19)jeq
ur dip ‘dnos 0) pappe “Iejoau 10J PaYONSs SIOMO,]
PaY0092 10 meI ua)ed spodpaas unok pue SI9MO[]
POOJ SB UQJE SIOMO[]

©9) 1O} A)MTISqNS SB Pasn SPeaY IOMOJ) PILI(]
SSN [QIP JOMO[,]

B3 109 ‘euSIA o[dwAIre(q

‘eadmo) podAirey ‘eadmo)) Axreyq
(9sauryD) 1D OBYS YOI9A [B2I0g
‘YOIOA PIIF “YOIOA MOD YA PayI],

9SI0D) UOWIWO)) ‘dSI00) “DZIN]

IOAO[D) Jnd “TAO[D [[ng ‘I9AO[D INOS
Tor01) dnorgm

30A0[D) Y YOING “IOA0LD) YA

IOAOLD) PIIA “TOAOID
9[ding ‘I0A0[D) "MOPBIJA ‘SSBID) MOD)

IOAO[D) MO)) ‘PEaIqIRY TOAOTD) PAY

19a0[D dsn)

I9AOTD) Youal]
‘IOAO[D) UBI[R)] “TOAO[D) UOSWILID)

12A01)) PLIGAH “IOAOLD ISTY
IOAO[D) JNd ‘TOAOTD [[ng ‘TOAO[D) INOS
IoA0[D [Mmog ‘Toao[) dn)

IOA0[D) MO[[IA ‘Tor0[D) doH
M I2A0[D uap[on ‘1aa0]) doy a8reT
[10ja1], 931 ‘Trogo1], doy o3re

QWERU JB[NJBUIOA UOWWO/YSI[Suyg

‘puag ("boer) njoainy pusip

T DIIDAD DIJIA

1 snavdoana xa]1)

‘pur wmponf wnijofiif

= QUQRID) SUIISAUIA WNI]OfiL]
NN W SILDA WN1jofil],

T suada.a winijofiif

1 asuapad winiofii]

‘Suaidg X9 pIIA\ WinmipUOLONIU
“dsqns wimgpuosonus wnijofilf
= 801 wnp.LoNjoAUT WNI]OJIL]

T WIDUADIUL WN1jofi]

] wnpriqiy wnijofidg
‘[pury wimponf wmiofisy
IPUIT wndafiyindo wniofilf

yor[od wnainp

wnijofiL] = T WNLDLISD Wnofii]

Queu dYnualds

(ponunuoo) | ajqey



69

Introduction

(9¢61) Lsaouey

(¥861) [>[unyy

(¥861) 13Uy “(9L61) wyeUR]L,

(IT102-L007) 2uedag
(S0027) NH “(0661) e101092q “(9L61)
eyeue[, ‘(L961) [09INJBIA “(9%61) Peay

(0661) vlot0oR

‘(LL6T) U0SIDNRd (8561) T8 19 PUBUIS]
(IT102-L00T) duead “(0661)

B[O100B] ‘(H861) [9UNY (9L61) BURL
(0007) utptes

(L00T) Bury]

PoOJ 10} pasn spnq Jomoyj Sul[[oms

uded surye)

J[qQIPA SIOMO[]

QUIM OJUI PAMIIQ JO SIATsaId

J10J pasn OS[e SIOMO[ "SISNILIJ OJUl 9peW pue
I9)1eq $39 0JuT Pap[0J SIOMOT, "JUD[ed punoIe sayed
0] UONIPPE UOWWOD B IR SIOMOY Y, ‘I[es pue
[10 Y31 UdJBD puUE p[Ioq A[YSNOIOY) OS[B SIOMO[]
BUIYD) UISYLIOU UT UJJBI PUB PAUOSBIS ‘PIwred)s
INOY YIIM PIXIUW ‘paysem spnq pue SIoMo[J
SI9NLIJ Se 10 Ul PILL)

pue 19)3eq ur paddIp usyMm JUS[[I0XS OSE STIOMO[]
‘Spe[ES UQAI3 PSSO} UT UJBd e SIOMOJ) YSaIj oy ],

'ury)) Jo sured ur pooj se payood SIOMOL]
1MUO200

AWeaId Ul payood J0 AIj-113s Ao1ds Ul pasn SIOmo[]

UQJed SIOMO[]

03y IAIUIA
‘qoaag AIYA\ ‘Yodag dU0IS Yoxg
33pry ‘Yodag pay ‘Yoeag ArID) ‘Yooag
BUT[OIR)) ‘Y03 ‘Yo9g UBOLIQWY

(ssaury)) myz Suoy

BLIDISTA\ AJOOA

(esdumy)) eny
3UQ[, 17 ‘BLIQ)SIA\ 9SUIYD) ‘BLIAISIAN

BLIDJSIA\ UBOLIOUIY
BLIQJSIAN 9soueder
ueog

Suo[prex ueag JuoT ‘ueag oyeus

ueog 0Ty Py ‘ULdg 01y

YIyy vrjofipuvis snsv.g
ppjaandand

“dsqns vjjaundand sisdounisn))
= [onby x1154y sisdouvisv)
Jeadede

I0pYY DSO]JIA DIIAISIA

JOOMS (SWIS) SISUIULS DIIISIM

nod (“1) suaasainif vL2ISIp

"0d ('PIA) DpunqLiolf vLasig

opIoA (") Syvpadinbsas

“dsqns pypnomSun puSiA
HyseyQ "H pue

1MYQ ('qUNY,) pIvjjaquin pUSIA



70

species dealt with in this volume include both
lesser-known, wild and underutilized plants and
also common and widely grown ornamentals.

As in the preceding 6 volumes, topics covered
include the following: taxonomy (botanical name
and synonyms), common English and vernacular
names, origin and distribution, agroecological
requirements, edible plant part and uses, plant
botany, nutritive and medicinal/pharmacological
properties with up-to-date research findings
and traditional medicinal uses, other nonedible
uses and selected/cited references for further
reading.

Use of Edible Flowers

Since antiquity right through the Middle Ages
and the seventeenth century, flowers have been
featured as an integral part of human nutrition
in Europe—ancient Rome, medieval France,
Victorian England, Middle East—and in Asia
particularly in China, India, Thailand and Japan.
Flowers have long been used as decorations in
food prepared for the nobility. Today, consump-
tion of edible flowers is increasing worldwide
(Mlcek and Rop 2011; Rop et al. 2012). Edible
flowers are becoming more popular as evidenced
by the profusion of edible flower cookbooks,
culinary magazine articles, scientific papers on
edible flowers and television shows. Flowers are
consumed in various forms, colours and flavours
to enhance the nutritional and sensory qualities
of foods. Its qualities, freshness and safety
depend on the care taken in its harvesting and
storage. Many of the lesser-known edible flowers
are harvested in the wild from plants in the forest,
wasteland, disturbed sites, near waterways and
roadside often occurring as weeds (Limnocharis,
milkweeds, beggarticks, dandelion, Acacia spp.).
In contrast many of the commonly known edible
flowers (e.g. roses, chrysanthemums, carnations,
marigolds, daylilies, cornflower) are harvested
from cultivated garden ornamentals or culinary
herb garden (e.g. chives, Mentha spp. borage,
rosemary, chamomile).

Edible flowers can be used raw or fresh as a
garnish or as an integral part of a dish, such as a
vegetable or fruit salad. Today, many restaurant
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chefs and innovative home cooks garnish their

entrees with flower blossoms for a touch of ele-

gance. Many flowers can be fried in light batter
or cornmeal, e.g. squash, zucchini flowers or in
fritters (e.g. Acacia blossoms). Some flowers can
be steamed, boiled, grilled or used in soups and
curries. Some flowers can be stuffed or used in
stir-fry dishes. Edible flowers can be crystallized,
candied; frozen in ice cubes and added to bever-
ages; made into jellies and jams; used to make
teas or wines; to flavour liquors, vinegar, oil,
honey and scented sugars; added to punch, cock-
tail and other beverages; and minced and added
to cheese spreads, herbal butters, pancakes,
crepes and waffles. Many flowers can be used to
make vinegars for cooking, marinades or dress-
ings for salads.

Some important rules on the use of edible
flowers:

— Flowers have to be accurately identified before
eating.

— Do not eat flowers from florists, nurseries,
garden centres, fruit orchards or flowers from
plants found on the side of the road and in
murky waterways because of possible con-
tamination from pesticide sprays, vehicle
carbon emissions and industrial and effluent
run-off.

— Harvest/pick flowers that are free from diseases,
insects, insect damage and soil particles.

— Pick young fresh flowers and buds on dry
mornings, before the sun becomes too
strong, to retain the bright colours and intense
flavours.

— Use flowers immediately for best results or
refrigerate in a plastic bag for a few days.
Dried, frozen or freeze-dried flowers are best
used in infusions or cooked.

— For medium and large flowers like hollyhocks,
roses, lilies, calendula, chrysanthemum, lavender,
rose, tulip, yucca, hibiscus, lavender, tulip and
marigolds, use only the petals and discard
stamens, pistil and calyx. The bitter ‘heel” at
the base of the petal should be removed.

— Eat edible flowers in moderation.

— People with hay fever, asthma or allergies
should best avoid eating flowers since many
allergies are due to sensitivity to pollen of
specific plants.
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Nutrients and Bioactive
Phytochemicals in Flowers

Nutrients and phytochemicals contained in flow-
ers are not markedly different from those found
in other plant organs (leaves, stem fruit). Several
thousands of compounds have been identified in
flowers including nutrients (proteins, carbohy-
drates, lipids, fibre, minerals, fatty acids, vita-
mins and essential amino acids), flavonoids,
carotenoids, anthocyanins and other phenolic
compounds, waxes, resins in the floral parts
(petals, sepals, pollens, etc.), in the floral nectar, as
fragrance volatiles, and essential oil components
monoterpenes, sesquiterpenes esters, alcohols
(monoterpene and sesquiterpene alcohols), alde-
hydes, ketones, phenols, alkanes, esters, lactones,
coumarins, ether, oxides, fatty acids, fatty acid
derivatives, benzenoids, phenylpropanoids, iso-
prenoids and nitrogen- and sulphur-containing
compounds (Mookherjee et al. 1990; Knudsen
et al. 1993; Dobson et al. 1997; Kim et al. 2000;
Falzari and Menary 2003; Kaisoon et al. 2011;
Micek and Rop 2011; Rop et al. 2012; Diraz
et al. 2012). The concentrations of these com-
pounds vary throughout the development and
maturation of the flower and also during storage
after harvesting. Health benefits attributable to
antioxidant capacity have been shown to be
highly correlated with phenolic compounds
(Kaisoon et al. 2011; Rop et al. 2012).

Flower Pollen

The composition of pollen changes from floral
species to species, variation in absolute amounts
of the different compounds can be very high. The
major components of pollens are proteins and amino
acid, lipids (fats, oils or their derivatives)
(Manning 2001), and sugars (Crane 1990); the
nutrient profile in dried bee-collected pollen and
dried hand-collected pollen are as follows: water,
11 %, 10 %; crude protein, 21 %, 20 %; ash, 3 %,
4 %; crude fats, 5 %, 5 %; reducing sugars, 26 %,
3 %; nonreducing sugars, 3 %, 8 %; starch, 3 %,
8 %; and undetermined components, 29 %, 43 %,
respectively. The minor components of bee-
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collected pollens are more diverse (Crane 1990):
flavonoids at least 8; carotenoids (at least 11);
vitamins C, E B complex (including, niacin, biotin,
pantothenic acid, riboflavin (B,) and pyridoxine
(Bs)); minerals—macro-elements (K, Na, Ca,
Mg, P, S) and micro-elements (Al, B, Cl, Cu, I,
Fe, Mn, Ni, Si, Ti and Zn); all free amino acids;
terpenes; nucleic acids DNA, RNA and others;
enzymes >100; growth regulators auxins, brassins,
gibberellins and kinins; and growth inhibitors.
All amino acids essential to humans (phenylalanine,
leucine, valine, isoleucine, arginine, histidine,
lysine, methionine, threonine and tryptophan)
can be found in pollen and most others as well,
with proline being the most abundant. Most
simple sugars in pollen comprise fructose, glucose
and sucrose come from the nectar or honey of the
field forager. The polysaccharides like callose,
pectin, cellulose, lignin, sporopollenin and others
are predominantly pollen components. Protein
contents of above 40 % have been reported, but
the typical range is 7.5-35 %: typical sugar con-
tent ranges from 15 to 50 %, and starch content is
very high (up to 18 %) in some wind-pollinated
grasses (Schmidt and Buchmann 1992). Low
lipid levels (0.6-1.9 % dry mass) are found in
bee-collected pollen of eucalypts (Bell et al.
1983; Manning and Harvey 2002), whereas an
high level of 32 % dry mass is found for canola
pollen by Evans et al. 1987. Pollen has been
added to diets for domestic animals and labora-
tory insects resulting in improvements of health,
growth and food conversion rates (Crane 1990;
Schmidt and Buchmann 1992).

Floral Nectar

The nectar is a liquid with a sweet taste, compris-
ing sugars, amino acids, nonprotein amino acids,
proteins, minerals, lipids, organic acids, phenolic
compounds, alkaloids, coumarins, saponins,
terpenoids, etc. (Nicolson and Thornburg 2007).
The major sugars in nectar are the disaccharide
sucrose and the hexose monosaccharides glucose
and fructose (Baker 1975; Baker and Baker
1983). Bernadello et al. (1999) found that the
floral nectar of 29 species native to Argentinian
Patagonia to be hexose dominant (72.41 %) or
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hexose rich (17.24 %); a few were sucrose domi-
nant (10.34 %). Though a large majority of flo-
ral nectars is dominated by sucrose, glucose and
fructose, the pentose sugar xylose is a major
nectar sugar in Protea and Faurea, two related
genera of the Proteaceae (Nicolson and van
Wyk 1998). Other minor sugars present in trace
amounts in nectar include monosaccharides
(e.g. mannose, arabinose, xylose), disaccharides
(maltose, melibiose) or, more rarely, oligosac-
charides (raffinose, melezitose, stachyose)
(Baker and Baker 1982a, 1983; Nicolson and
Thornburg 2007). Sorbitol is also a frequent
constituent of Mediterranean nectars (Petanidou
2005). Minerals have been found in floral nectar
(Hiebert and Calder 1983; Heinrich 1989).
Potassium was found to be the dominant ion with
35-74 % in nectars; the other cations can be
listed up according to their decreasing amounts:
Na, Ca, Mg, Al, Fe and Mn (Heinrich 1989).
Although all ten essential amino acids are com-
monly present in floral nectars as free amino
acids, some nonessential amino acids such as
asparagine and glutamine can occur in much
higher concentrations (Nicolson and Thornburg
2007). The presence of amino acids in floral nec-
tars was first reported by Ziegler (1956), later by
Liittge (1961, 1962) and Baker and Baker (1973,
1977, 1986) In Erythrina species pollinated by
passerine birds, the total amino acid concen-
trations are far higher than in hummingbird-
pollinated species (Baker and Baker 1982b).
Few of the nontoxic nonprotein amino acids,
including p-alanine, ornithine, homoserine and
y-aminobutyric acid (GABA), are known to
accumulate in nectar (Nicolson and Thornburg
2007). The existence of proteins in nectar has
been reported long ago (Pryce-Jones 1944;
Liittge 1961). The first enzymatic activity to be
identified in nectar was invertase, found in the
floral nectar of Tilia sp. (Beutler 1935). Other
proteins identified in various floral nectars
included the following: trans-glucosidase in
Robinia pseudoacacia (Zimmerman 1953); trans-
fructosidase in Impatiens holstii (Zimmerman
1954); phosphatase (Cotti 1962); tyrosinase in
Lathraea clandestina (Liittge 1961); mannose-
binding lectin and alliinase in Allium porrum
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(Peumans et al. 1997); and nectarin IV (Naqvi
etal. 2005) and nectarin I, I, Il and V in Nicotiana
sp. (Carter and Thornburg 2000; 20044, b).

The presence of lipids has been reported in
numerous floral nectars (Vogel 1971; Baker and
Baker 1975; Bernardello et al. 1999). Some
major lipids found in floral nectars of Calceolaria
species (Scrophulariaceae) and in the rhattanys
(Krameria species, Zygophyllaceae) included
B-acetoxy fatty acids of varying chain length
between C16 and C20 (Vogel 1971; Seigler et al.
1978). Ascorbic acid (vitamin C) is well known
as an antioxidant in floral nectar (Baker and Baker
1975). Phenolic substances are quite widespread
in nectars (Baker and Baker 1982a; Gil et al.
1995; Ferreres et al. 1996). European Eucalyptus
honeys were found to have the following flavo-
noids: myricetin, quercetin, tricetin, luteolin and
kaempferol (Martos et al. 2000) and Robinia
pseudoacacia flowers to have nectar flavonol
rhamnosides as floral markers (Truchado et al.
2008). Alkaloids and allelochemicals have been
detected in the nectar of a large number of plants
(Hazslinsky 1956; Baker and Baker 1975; Galetto
and Bernardello 1992; Detzel and Wink 1993;
Adler and Wink 2001). Recently, Singaravelan
et al. (2005) reported four secondary alkaloid
compounds occurring naturally in floral nectar:
nicotine, anabasine, caffeine and amygdalin in
many plants including Nicotiana spp. and Tilia
cordata (Singaravelan et al. 2006). While terpe-
noids do occur in plant nectars (Detzel and
Wink 1993), most are produced by cells with
specialized metabolic potential that are dispersed
throughout the flower (Bergstrom et al. 1995;
Dudareva et al. 1998; McTavish et al. 2000).
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Tulbaghia violacea

Scientific Name

Tulbaghia violacea Harv.

Synonyms

Omentaria cepacea (L.f.) Salisb. (inval.),
Omentaria violacea (Harv.) Kuntze, Tulbaghia
cepacea var. maritima Vosa, Tulbaghia cepacea
var. robustior Kunth, Tulbaghia violacea var.
minor Baker, Tulbaghia violacea var. obtusa
Baker, Tulbaghia violacea var. robustior (Kunth)
R.B. Burb

Family

Amaryllidaceae, in Alliaceae,

Liliaceae

also placed

Common/English Names

Pink Agapanthus, Society Garlic, Sweet Garlic,
Wild Garlic

Vernacular Names

Afrikaans: Wildeknoflok, Wilde Knoffel
Swedish: Tulbaghia

Xhosa: Itswele Lomlambo

Zulu: Isihaqa

Origin/Distribution

Society Garlic is native to Natal, Transvaal and
the Eastern Cape region in South Africa where it
grows in rocky grasslands.

Agroecology

Society Garlic grows best in full sun in a light,
well-drained and well-aerated sandy or sandy-
loam soils. It tolerates light shade but may not
flower much. It requires frequent watering during
the growing season but less so during flowering
and in the winter months. In winter the root ball
should be kept moist with reduced watering.
Established plants can survive extended droughts
and moderate frosts and light freezes down
to —6.7 °C.

Edible Plant Parts and Uses

Both the leaves and flowers can be used in salads
and other dishes (Facciola 1990; Van Wyk and
Gericke 2000; Harris 2004). The edible bulb and
leaves have a taste of garlic without the nasty side
effect of bad breath. Chopped leaves are used in
sauces, soups and salads and as a garnish. The
flower buds steeped in vinegar give it a mild
garlic flavour and can also be used as a garnish.
The Zulus use the leaves and flowers as spinach
and as a hot, peppery seasoning with meat and
potatoes.

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers, 80
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Botany

Society Garlic is a clump-forming herbaceous
perennial, 60 cm high by 60 wide (Plates 1 and 2).
Its rootstock is an ovoid corm with rhizomatous
base, 1.5-2.7 cm long and 1-1.5 cm in diameter.
Leaves 8-10, greyish-green, linear, 17-50 cm
long, 0.35-0.7 cm wide; apex obtuse; base
sheathing grows straight up out of the corm.
Scape 39-70 cm long grows up from the centre of
the rosette of leaves. Atop the scape sits a large
umbel with 8-20 sweet-scented lilac-pink flow-
ers on; pedicels 10-20 mm long arise from the
same point (Plates 2 and 3). Flower with a cylin-
drical perianth tube, 8—10 mm long expanding to
six elliptic lobes 6—7 mm long, 1.5-2.8 mm wide,
apex acute with slightly in-rolled margin. Corona
of three distinct oblong lobes, 2.5-3 mm long,
1-1.5 mm wide with retuse apex; stamens
included in perianth tube, upper series 2-2.5 mm
below mouth, lower series +6 mm from base;
anthers 1 mm long; ovary oblong to obovoid,
2.5 mm long, 1.5 mm in diameter; ovules numer-
ous; style 1 mm long, 0.4 mm in diameter; stigma

Plate 1 Society Garlic foliage

capitate, small. The fruit, triangular capsules, are
grouped into a head, and when ripe, they split to
release the flattened, hard black seeds.

Plate 3 Society Garlic flowers
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Nutritive/Medicinal Properties

Jacobsen et al. (1968) reported the presence of an
alkylcysteine sulfoxide lyase and three unidenti-
fied S-substituted cysteine sulfoxide deriva-
tives, whereas Burton and Kaye (1992)
isolated 2.,4,5,7-tetrathiaoctane-2,2-dioxide and
2.4,5,7-tetrathiaoctane from the leaves of 7. viola-
cea. Theaminoacid (RSRC)-S-(methylthiomethyl)
cysteine-4-oxide was isolated from rhizomes of
Tulbaghia violacea (Kubek et al. 2002). Its con-
tent varied in different parts of the plant (rhi-
zomes, leaves and stems) between 0.12 and
0.24 mg/g fresh weight, being almost equal in the
stems and rhizomes. In addition, S-methyl- and
S-ethylcysteine derivatives have been detected in
minute amounts (<3 pg/g fresh wt) in all parts of
the plant. 2,4,5,7-Tetrathiaoctane-4-oxide, the
primary breakdown product of the amino acid,
was also detected and isolated.

Scientific studies have shown that Society
Garlic possesses several biological activities
which include antioxidant, antimicrobial, anti-
cancer, antiulcerogenic, antithrombotic and anti-
hypertensive properties.

Antioxidant Activity

The antioxidant capacity (oxygen radical absor-
bance capacity, ORAC value) and total phenolic
content for Society Garlic, Tulbaghia violacea,
was determined as 1.03 pmol of Trolox equiva-
lents (TE)/g of fresh weight, 7.50 mg of gallic
acid equivalents (GAE)/g of fresh weight respec-
tively (Zheng and Wang 2001).

Antihypertensive Activity

Tulbaghia violacea was one of the many active
plants with antihypertensive properties as deter-
mined by the angiotensin-converting enzyme
(ACE) inhibition assay; it contained no tannin
(Duncan et al. 1999). T. violacea leaves had inhibi-
tion levels which were above 50 % (aqueous extract
gave 72 % inhibition, ethanol extract exhibited
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61 % inhibition), while 7. violacea roots gave 49
and 27 % inhibition for aqueous and ethanol
extracts, respectively, with 25 pg plant extract. This
was also confirmed in a recent study. A plant was
considered to have potential antihypertensive prop-
erties if it inhibited the angiotensin-converting
enzyme (ACE) and thus the conversion of angio-
tensin I to angiotensin II by greater than 50 %, and
T. violacea was one of eight of 16 plants screened
that demonstrated ACE inhibitory activity and sat-
isfied these criteria (Ramesar et al. 2008). T. viola-
cea in particular showed promise with regard to
ACE inhibition as in-vivo administration of this
extract showed only a 2.2 % increase in maximum
mean arterial pressure when compared to the
14.5 % increase observed in the control group
after coadministration with exogenous angioten-
sin I. Hypertension is treated with medication,
including drugs such as angiotensin-converting
enzyme inhibitors (ACEI) and angiotensin II
receptor blockers (ARB). These drugs not only
lower blood pressure but also offer additional
protection to the brain and heart. ACEI in partic-
ular, provides beneficial properties to patients
with type 1 diabetes.

The methanol leaf extract of Tulbaghia
violacea significantly and dose-dependently
reduced the systolic, diastolic, and mean arterial
blood pressure and heart rate in male spontane-
ously hypertensive Wistar rats (Raji et al. 2012).
Angiotensin I human acetate salt hydrate (ang I,
3.1-100 pg/kg), angiotensin II human (ang II,
3.1-50 pg/kg), phenylephrine hydrochloride
(phenylephrine, 0.01-0.16 mg/kg) and dobuta-
mine hydrochloride (dobutamine, 0.2-10.0 pg/
kg) all increased the blood pressure dose-
dependently. The hypertensive effect of ang I and
the heart rate-increasing effect of dobutamine
were significantly decreased by their co-infusion
with T. violacea (60 mg/kg). However, the co-
infusion of ang II or phenylephrine with 7. viola-
cea (60 mg/kg) did not produce any significant
change in blood pressure or heart rate when com-
pared to the infusion of either agent alone in the
same animal. The reduction in blood pressure
may be due to actions of the 7. violacea methanol
leaf extract on the angiotensin-I-converting
enzyme (ACE) and p(1) adrenoceptors.
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Anti-atherosclerotic Activity

Co-treatment of rats with an atherosclerogenic
(Ath) diet (4 % cholesterol, 1 % cholic acid and
0.5 % thiouracil) and Tulbaghia violacea metha-
nolic rhizome extracts (250 and 500 mg/kg body
weight) for 2 weeks significantly protected
against elevated serum triglyceride (TG), total
cholesterol (TC), LDL-cholesterol, VLDL-
cholesterol and decreased HDL-cholesterol in a
dose-dependent manner when compared with
the atherogenic control (Olorunnisola et al.
2012). The extracts also lowered -elevated
thiobarbituric reacting substance (TBARS) and
reversed endothelial dysfunction parameters
(fibrinogen and total NO levels) and tissue anti-
oxidant enzyme activities to near normal. The
protective ability of the extract was confirmed by
the significant reduction in the activities of
serum markers of liver (LDH, AST, ALT, ALP,
bilirubin) and kidney damage (creatinine and
bilirubin) in extract-treated groups compared
with the atherogenic control group. Also, the
extracts protected against the development of
fatty streak plaques (aorta) and fatty changes in
hepatocytes. The observed activities of the
extracts compared favourably with standard
drug atorvastatin. The results showed that the
methanol extract of Tulbaghia violacea rhizomes
could protect against the early onset of
atherosclerosis.

Anticancer Activity

Methanol extracts of Tulbaghia violacea leaves
and bulbs inhibited growth of MCF-7, WHCO3,
HT29 and HeLa cancer cell lines (Bungu et al.
2006). At 250 pg/ml, bulb extracts exhibited
higher growth inhibition than leaf extracts in
MCF-7 (49.6 %), HT29 (26.0 %) and HelLa cells
(54.7 %) relative to untreated controls. In
WHCO3, the leaf extract was more active, inhib-
iting growth by 30.3 %. The growth inhibitory
activity of T. violacea was due to induction of
apoptosis in all four cell lines. This was shown by
the staining of cells with Hoechst 33342, indicat-
ing fragmented nuclear material and condensed
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chromatin. HeLa and MCEF-7 cells treated with
bulb extract had higher apoptotic indices than
the other two cell lines (HeLa, 25.8 %; MCEF-7,
19.0 %). Treated cells stained with annexin V
but not with propidium iodide (PI), indicating
that the extract induced apoptosis and not
necrosis. Using Western blotting, cleavage of
poly[ADP-ribose] polymerase-1 (PARP-1) was
shown in HeLa cells upon exposure to 7. violacea
bulb extract. These findings provide evidence
for anticancer activities in T. violacea. The induc-
tion of apoptosis by the extract is promising
for anticancer therapy as it is desirable for anti-
cancer agents to induce apoptosis. The occur-
rence of morphological and biochemical changes,
typical of apoptosis, in Chinese hamster ovary
(CHO) cells treated with the aqueous extract
from T. violacea was demonstrated (Lyantagaye
2013). Three proapoptotic fractions from the
T. violacea extract were purified, and methyl-a-
D-glucopyranoside was found to be the major
component. Methyl-a-p-glucopyranoside was
confirmed to be active in the induction of
apoptosis.

Antimicrobial Activity

Gaidamashivili and Van Staden (2001) reported
T. violacea to have antibacterial activities against
two  Gram-positive  bacterial  pathogens
Staphylococcus aureus and Bacillus subtilis. B.
subtilis was aggregated by Tulbaghia violacea
agglutinins at relatively high concentrations.
Tulbaghia violacea bulb extract was found to be
inhibitory to Candida albicans, pathogen of oral
candidiasis, which is prevalent in HIV patients,
exhibiting an MIC value of 3.25 mg/ml (Motsei
et al. 2003). The freshwater extract of Tulbaghia
violacea maintained activity at 4 °C, but not at
higher temperatures.

Methanol extracts (5 mg/100 ml) of Tulbaghia
violacea showed little free radical scavenging
activity against DPPH (29 %) and ABTS (20 %)
and exhibited a low reducing power (Ntobaki
et al. 2008). However, the extract significantly
inhibited the activities of lipoxygenase, xanthine
oxidase and other lipid-peroxidative reactions.
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Plant extracts exhibited antimicrobial activities
against Staphylococcus aureus, Proteus mirabilis
(MIC value <1.0 mg/ml), Streptococcus faecalis,
Enterobacter cloacae, Escherichia coli, Proteus
vulgaris and  Helicobacter  pylori (MIC
value=2.0 mg/ml). The extract was able to pro-
tect the stomach lining against indomethacin-
induced wulceration. They concluded that
Tulbaghia violacea root extract had little hydro-
gen atom donor potential and may not break free
radical chain reactions but could act as an ant-
acid. Its potential in the inhibition of free radical
generation, along with its antimicrobial activity,
justified its use by traditional Zulu healers for the
treatment of peptic ulcers and other stomach
ailments.

Tulbaghia violacea and Tulbaghia alliacea
were found to be rich in marasmin, the precur-
sor of the thiosulfinate marasmicin (Kusterer
et al. 2011). Marasmicin has attracted consider-
able attention because of its antifungal and
tuberculostatic activities. Somai and Belewa
(2011) found that the aqueous extracts of
Tulbaghia violacea were antifungal and at
10 mg/ml resulted in sustained growth inhibi-
tion of greater than 50 % for both Aspergillus
flavus and Aspergillus parasiticus. T. violacea
extract inhibited conidial germination in a dose-
dependent manner.

The petroleum ether (PE) extracts of micro-
propagated 7. violacea plants and dichlorometh-
ane (DCM) extracts of outdoor-grown plants
showed good antibacterial activity against
Bacillus subtilis, Escherichia coli, Klebsiella
pneumoniae and Staphylococcus aureus (Ncube
et al. 2011). PE extracts of micropropagated
plants showed the best antibacterial activity with
a minimum inhibitory concentration (MIC) of
0.39 mg/ml against Bacillus subtilis. Good MIC
(<1 mg/ml) and minimum fungicidal concentra-
tion (MFC) values of 0.78 mg/ml were only
obtained in DCM extracts of outdoor-grown
plants against Candida albicans. MIC and MFC
values for water and ethanol extracts of both
micropropagated and outdoor-grown plants were
similar and in the range 3.125-12.5 mg/ml. Total
phenolics, gallotannins, flavonoids and saponins
were significantly higher in micropropagated
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plants than in outdoor-grown ones. In all cases,
the contents of phytochemical compounds in
micropropagated plants were more than twice
that of outdoor-grown plants except for con-
densed tannins.

Antithrombotic Activity

The bulb and leaf extracts of T. violacea exhib-
ited antithrombotic activities which were higher
than those found in garlic (Bungu et al. 2008).
The IC,y, values for the leaf and the bulb extract
were 0.4 and 0.3 mg/ml, respectively, for the
thrombin-induced clotting time (TT) assay. The
1Csy value was 1.73 mg/ml for the bulb extract
of the T. violacea. No ICs, was obtained for the
leaf extract of T. violacea. It was also that T. vio-
lacea exhibited biological activities which were
comparable to garlic. These results indicated
that 7. violacea could be used as an alternative
to garlic and that it may contribute to pharma-
ceutical applications and informal health
services.

Androgenic Activity

Treatment of male Balb/C mice testicular cells
with Tulbaghia violacea (312.5-5,000 pg/ml)
significantly increased luteinizing hormone
(LH)-induced testosterone production as com-
pared to vehicle-treated control (DMSO),
whereas testicular cells without LH treatment
showed no significant change in testosterone
concentrations (Ebrahim and Pool 2010). The
data indicated that 7. violacea had androgenic
properties.

Antidiabetic Activity

In an antidiabetic screening of five South African
medicinal plants, the ethanol extracts of Ruta
graveolens (136.9 %) and Tulbaghia violacea
(140.5 %) produced the highest increase in
glucose utilization in C2C12 muscle cells (van
Huyssteen et al. 2011).
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Traditional Medicinal Uses

Society Garlic is widely used as a herbal remedy
for various ailments in traditional medicine, with
leaves and bulbs the most commonly used. Its
medicinal uses include: treatment for fever and
colds, asthma, tuberculosis, high blood pressure,
oesophagus cancer, stomach problems such as
gastroenteritis, abdominal pain and acute inflam-
mation and sloughing of the intestinal mucosa;
and contraction and subdued reaction of the
pupils to stimuli (Duncan et al. 1999; van Wyk
and Gericke 2000; Gericke et al. 2002; Lyantagaye
2013; Ntobaki et al. 2008). The fresh bulbs are
boiled in water, and the decoctions are taken
orally to clear up coughs and colds. The bulb has
been used as a remedy for pulmonary tuberculo-
sis and to destroy intestinal worms. The leaves of
the plant are used to treat oesophageal cancer.
Leaves when crushed on the skin will repel fleas,
ticks and mosquitoes. Zulus use the bulb to make
an aphrodisiac medicine. The crushed leaves may
be used to help cure sinus headaches and to dis-
courage moles from the garden (by their strong
smell). The smell repels fleas, ticks and mosqui-
toes when crushed on the skin.

Other Uses

Society Garlic is a popular container plant and is
also cultivated in a sunny border, as a bedding
plant and in rock garden. It is reported that
Society Garlic, planted in a row or border, will
deter moles. Wild garlic is a very good snake
repellent, and for this reason the Zulus plant it
around their homes.

T. violacea has antimicrobial activity against
plant pathogens. Crude methanol extracts of T.
violacea aerial and below-ground parts were
found to exhibit antibacterial and broad-spectrum
antifungal activity against plant pathogens (Nteso
and Pretorius 2006). The extracts significantly
inhibited in-vitro growth of Clavibacter michi-
ganensis, Ralstonia solanacearum and
Xanthomonas campestris. The extracts signifi-
cantly inhibited the mycelial growth of six of the
seven test fungi, Botrytis cinerea, Sclerotium
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rolfsii, Rhizoctonia solani, Mycosphaerella
pinodes, Botryosphaeria dothidea and P. Pythium
ultimum, whereas only the below-soil extract
inhibited the mycelial growth of Fusarium oxys-
porum significantly.

Comments

Society Garlic is most readily propagated via the
division of large clumps of plants.
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Plumeria obtusa

Scientific Name

Plumeria obtusa L.

Synonyms

Plumeria obtusa var. typica Woodson nom. inval.

Family

Apocynaceae

Malaysia: Frangipani, Kemboja

Mexico: Caxtaxanat, Flor De Mayo, Tenech
Coabhuitl

Panama: Caracucho Colorado

Philippines: Kalasuting-Puti

Peru: Caracucho, Suche

Portuguese: Flor-De-Santo-Antonio

Spanish: Alheli, Alheli Cimarrén, Suche

Sri Lanka: Araliya

Swedish: Frangipani

Thai: Dt6n Lan Tom KidAo, Dtdén Lan Tom L6ok
Pa-Son, Dton-Lee-Laa-Wa-Dee

Vietnamese: Dai La Tu; Pai La Ta; SuLa Tu

Common/English Names

Frangipani, Pagoda Tree, Red Jasmine, Red Jasmine
of Jamaica, Red Paucipan, Singapore Frangipani,
Singapore Graveyard Flower, Singapore White
Plumeria, Temple Tree, White Kalachuche

Vernacular Names

Brazil: Jasmim-De-Caiena, Jasmim-Do-Para,
Jasmin-Manga (Portuguese)

Chinese: Hong Ji Dan Hua

Cuba: Lirio Colorado

French: Frangipanier

German: Rote Frangipani

India: Kathgolop (Bengali), Champa (Hindi),
Chaempae (Konkani), Khageleihao Angouba
(Manipuri), Arali (Tamil)

Origin/Distribution

Plumeria obtusa is indigenous to the Greater
Antilles, northern Central America and southern—
eastern Mexico to Belize, Florida Keys and the
Caribbean.

Agroecology

Though tropical by nature, when protected from
frost, they are well suited to subtropical climates
in the United States in states bordered by the Gulf
of Mexico, and in southern California. They are
prolific in Hawaii. Plumeria are valued as landscape
plants and ornamentals and for their flowers.
Singapore plumeria has larger flowers compared
to Plumeria rubra, and the longish petals are
almost not overlapping. Leaves do not have
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pointed ends like plumeria rubra and are rather
blunt.

Edible Plant Parts and Uses

Edible flowers consumed as vegetable and used
as ingredients in cooking salad and frying
(Facciola 1990; Wetwitayaklung et al. 2008;
Wongwattanasathien et al. 2010; Kaisoon et al.
2001).

Botany

Large shrub or small tree growing to 5 m high.
Stem, branches and leaves with milky sap;
branches pale-green, thick and fleshy. Leaves
alternate, mostly clustered at branch tips, petio-
late, obovate to oblong-obovate, to 25 cm long,
dark green and shiny adaxially, tertiary venation
strongly prominent abaxially, apex rounded
(Plates 1, 2, 3 and 4). Inflorescence of axillary or
terminal dichotomous cymes (Plates 2 and 3).
Flowers large, fragrant, waxy and showy with
large deciduous bracts. Calyx S5-lobed, lobes
equal or subequal. Corolla salverform or funnel
shaped, white, 4 cm across, throat yellow, lobes
5, spreading, slightly recurved. Stamens inserted
at or near base of corolla tube (Plates 2, 3 and 4).
Ovaries 2, distinct; ovules numerous, multiseri-
ate on each placenta. Style short with obtusely
bifid apex. Follicles 2. Seeds many, flat proxi-
mally, with a membranous wing.

Apocynaceae

Nutritive/Medicinal Properties

Flower Phytochemicals

Forty-seven components were identified in the
essential oil of fresh Plumeria obtusa flowers,
representing 97 % of the oil, with benzyl salicylate

Plate 3 Large leaves with prominent venation on the lower
surface

Plate 1 Leaves clustered at branch tips

Plate 4 Close view of flowers and leaves
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(39 %), benzyl benzoate (11 %), (2E, 6E)-farnesol
(8 %) and (E)-nerolidol (5 %) as major constit-
uents (Kamariah et al. 1999). The remaining
identified constituents of the oil (34 %) were
found as minor constituents (<3 %). Some of the
minor components included geraniol, nonadecane,
(E)-nerolidol, heneicosane, (2Z,6Z)-farnesol,
(2E,6Z)-farnesol, (2E,6E)-farnesol, geranyl lin-
alool, neryl benzoate, geranyl benzoate, benzyl
benzoate, myristic acid, benzyl salicylate and
hexadecanoic acid. The essential oil of P. obtusa
flower was found to be rich in benzyl salicylate
(45.4 %) and benzyl benzoate (17.2 %) (Norsita
et al. 2006). Other components were (E,E)-farnesol
4.8 %, methyl stearate 3.7 %, neryl phenylacetate
2.6 %, (E)-nerolidol 2.5 %, geraniol 2.3 %, ethyl
palmitate 2.2 %, 1-octadecene 2.0 % and linalool
1.9 % with minute content of alkanoic acids.

An iridoid beta-glucoside, namely, plumieride
coumarate glucoside, and a B-glucosidase were
isolated from P. obtusa flower (Boonclarm et al.
2006). The p-glucosidase purified to homogeneity
exhibited high specificity for its natural substrate,
plumieride coumarate glucoside, hydrolyzing it
to its corresponding 13-O-coumarylplumieride.
The enzyme showed poor hydrolysis of
4-methylumbelliferyl-p-glucoside and esculin and
did not hydrolyze alkyl-f-glucosides, glucobioses,
cyanogenic-p-glucosides, steroid p-glucosides,
nor other iridoid p-glucosides.

The soluble phenolic acids (per g dry weight)
identified in P. obtusa flower extract were gallic
acid 25.5 pg, protocatechuic acid 3.5 pg,
p-hydroxybenzoic acid 21.7 pg, vanillic acid
20.4 pg, chlorogenic acid 22.8 pg, caffeic acid
12.8 pg, syringic acid 7.4 pg, p-coumaric acid
8.3 pg, ferulic acid 9.8 pg, sinapic acid 149.3 pg
and total phenolic acid 281.5 pg (Kaisoon et al.
2001). The flowers contained 329.9 pg total
bound phenolic acid made up of gallic acid
2.7 pg, p-coumaric acid 17.8 pg, ferulic acid
144.9 pg, and sinapic acid 164.5 pg. The flowers
contained 702.5 pg total soluble flavonoid made
up of rutin 500.3 pg, myricetin 5.06 pg, quercetin
193.6 pg and kaempferol 3.58 pg, and bound
flavonoid 46.8 pg made up of 41.7 quercetin pg
and apigenin 5.1 pg. The DPPH radical scavenging
activity (% inhibition) of soluble and bound
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phenolic fraction of the flower was 69.65 and
60.52 %, respectively. The reducing potential of
the soluble and bound phenolic fractions of the
flower as evaluated by FRAP (ferric reducing
antioxidant power) assay (mmol FeSO,/100 g dry
weight) were 26.03 and 60.1 mmol, respectively.
The percentage yield of P. obtusa flower
extracts by water distillation, steam distillation,
water—steam distillation, hexane extraction, petro-
leum ether extraction, and cold and hot enfleurage
were 0.0167, 0.0045, 0.0342, 0.4170, 0.3510,
0.3969 and 12.2400 %, respectively (Pitpiangchan
et al. 2009). Different extraction methods yielded
different chemical compounds and yield. The major
chemical components in the essential oils from all
distillation methods and both solvents was benzyl
salicylate, but the extracts from cold and hot enfleu-
rage were linalool and n-undecanoic acid, respec-
tively. Nineteen compounds were identified in the
flower essential oil from water distillation: ben-
zyl salicylate 31.32 %, benzyl benzoate 18.90 %,
(E)-farnesol 6.70 %, (Z)-p-farnesene 4.85 %,
linalool 4.72 %, (E)-farnesal 4.37 %, (Z)-geraniol
4.36 %, (E)-geraniol 3.79 %, (E)-citral 3.66 %,
heneicosane 2.89 %, (Z)-farnesol 2.61 %,
l-octadecanol 2.71 %, (Z)-citral 2.02 %,
a-farnesene 1.97 %, eicosane 1.65 %, (E)-farnesyl
acetate 1.33 %, 1-hexadecene 1.22 %, (E)-farnesyl
acetate 0.61 % and 2-methylpentadecane 0.33 %.
Thirteen compounds were identified from steam
distillation: benzyl salicylate 27.58 %, (Z)-geraniol
13.70 %, (E)-geraniol 12.15 %, linalool 11.18 %,
benzyl benzoate 9.89 %, (E)-farnesol 6.95 %;
(2)-p-farnesene 4.68 %, (E)-citral 4.60 %, (Z)-citral
2.54 %, (E)-farnesol 2.36 %, a-farnesene 2.27 %,
(Z)-farnesol 1.41 % and 1-octadecanol 0.69 %.
Twenty-one compounds were found in the essen-
tial oil from water—steam distillation: benzyl
salicylate 31.90 %, benzyl benzoate 13.28 %,
(E)-farnesol 9.29 %, linalool 6.49 %, (Z)-p-farnesene
5.03 %, (Z)-geraniol 4.33 %, (E)-farnesal 3.42 %,
heneicosane 3.20 %, (E)-geraniol 3.12 %,
(E)-citral 3.09 %,1-octadecanol 3.04 %, a-farnesene
2.62 %, (Z)-farnesol 2.14 %, eicosane 1.95 %,
unknown?2 1.69 %, (Z)-citral 1.66 %,1-hexadecene
1.40 %, (E)-farnesyl acetate 1.05 %, unknownl
0.46 %,2-methylpentadecane 0.45 % and (E)-f-
farnesene 0.39 %. Hexane extraction afforded
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17 compounds: benzyl salicylate 44.69 %, benzyl
benzoate 11.67 %, (E)-farnesol 7.22 %, (Z)-nerolidol
5.53 %, (Z)-geraniol 3.93 %, isoeicosane 3.69 %,
linalool 3.66 %, (E)-geraniol 3.10 %, (E)-farnesal
2.84 %,1-octadecanol 2.80 %, (E)-geranylacetone
2.72 %, a-farnesene 2.56 %, (Z)-farnesol 1.74 %,
unknown2 1.43 %, 1-hexadecene 0.88 %,
unknownl 0.84 % and 2.,4-di-t-butylphenol
0.69 %. Petroleum ether extraction gave 13 com-
pounds: benzyl salicylate 42.63 %, benzyl benzoate
10.64 %, (E)-farnesol 9.49 %, (Z)-nerolidol
6.53 %, linalool 6.04 %, (E)-geraniol 4.44 %, isoe-
icosane 4.12 %, (E)-geranylacetone 3.96 %,
o-farnesene 3.39 %, 1-octadecanol 3.33 %,
(E)-farnesal 2.72 %, (Z)-farnesol 1.54 % and 1-hexa-
decene 1.16 %. Thirteen compound were obtained
by cold enfleurage: linalool 23.13 %, benzyl
salicylate 15.62 %, benzyl benzoate 14.73 %,
(E)-farnesal 9.04 %, (Z)-p-farnesene 8.16 %,
(Z)-geraniol 8.31 %, (E)-geraniol 4.69 %,
(Z)-farnesol 4.67 %, (E)-citral 4.14 %, (E)-farnesol
3.40 %, (Z)-citral 1.87 %, (E)-nerolidol 1.42 % and
(E)-p-farnesene 0.81 %. Twelve compound were
obtained by hot enfleurage: n-undecanoic acid
31.75 %, benzyl benzoate 9.72 %, benzyl salicy-
late 9.70 %, (E,E)-2,4-dodecadienal 8.49 %,
(E,E)-2,4-decadienal 6.69 %, ethyl pentadec-
anoate 5.94 %, farnesol 7.91 %, geranyl valerate
4.84 %, unknown1 4.01 %, octanoic acid 3.94 %,
linalool 3.80 % and 193 unknown 3.22 %. The
major volatile constituents of Plumeria obtusa
white flowers, Klao Puang (L4), were L-linalool,
geranial 17.97 %, neral 12.5 % and benzaldehyde
5.46 % (Chitsamphandhvej 2010).

Fourteen chemical constituents were identified
in the essential oil of P. obtusa flowers: linalool;
farnesol; trans-farnesol; benzyl benzoate; tetra-
decan-1-ol; 2,3-dimethyl butane; nonadecane;
heneicosane; 1 heptadecene; benzyl salicylate;
9-eicosene-(E); nerolidol; tricosane; and eicosane
(Sulaiman et al. 2008).

Phytochemicals in Other Plant Parts

Iridoids isoplumericin, plumericin, plumieride,
plumieride coumarate and plumieride coumarate
glucoside were isolated from P. obtusa plant parts
(Coppen and Cobb 1983). Pentacyclic triterpenoids

Apocynaceae

isolated from Plumeria obtusa leaves included
betulinic acid, oleanolic acid and ursolic acid,
and obtusalin elucidated as 3f,27-dihydroxylup-
12-ene (Siddiqui et al. 1989); 2a,3p-dihydroxy-
24-p-E-coumaroyloxyurs-12-en-28-oic  acid;
3p-hydroxy-11-oxours-12-en-28-oic acid; 3f,24-
dihydroxyurs-12-en-28-oic  acid; 3p-hydroxy-
28-p-hydroxyphenoxyurs-12-en-27-oic  acid; 3f-
hydroxy-27-p-hydroxyphenoxyurs-12-en-28-oic
acid (Siddiqui et al. 1990); kaneroside, olean-
drin, a-amyrin, neriucoumaric acid, isoneriucou-
maric acid, alphitolic acid, oleanolic acid, methyl
p-E-coumarate, scopoletin and tow new triter-
penes obtusin and obtusilic acid characterized as
the 24-E and 27-Z-p-coumaric esters of the
novel 3p,24-dihydroxyurs-12-en-28-oic acid and
3p,27-dihydroxyurs-12-en-30-oic acid, respec-
tively (Siddiqui et al. 1992); obtusol and zamanic
acid elucidated as 3f,27-dihydroxyurs-12-ene
and 3f-hydroxyurs-30-p-E-hydroxycinnamoyl-
12-en-28-oic-acid (Siddiqui et al. 1999). Two
new iridoids 6”-O-acetylplumieride p-E-couma-
rate and 6”-O-acetylplumieride p-Z-coumarate
and three known iridoids as plumieride, plumier-
ide p-Z-coumarate and plumieride p-E-coumarate
were isolated from the fresh, whole spring leaves
of Plumeria obtusa (Siddiqui et al. 1994). Begum
et al. (1994) reported the isolation of 32 con-
stituents from P. obtusa leaves: 12 new pentacy-
clic triterpenoids obtusalin, obtusin, obtusinin,
obtusilin, obtusidin, obtusinidin, obtusilinic
acid, obtusic acid, obtusilinin, courmarobtusanoic
acid, courmarobtusane and obtusilic acid; two new
iridoids 6’-O-acetylplumieride p-E-coumarate
and 6”-O- acetylplumieride p-Z-coumarate
besides the known constituents; 11 pentacyclic
triterpenoids betulinic acid, oleanolic acid, ursolic
acid, a-amyrin, neriucoumaric acid, isoneriucou-
maric acid, alphitolic acid, 3p,23-dihydroxyurs-
12-en-28-oic acid, 27-p-Z-coumaroyloxyursolic
acid, 27-p-E- coumaroyloxyursolic acid and ole-
anolic acid; two cardiac glycosides kaneroside
and oleandrin; three iridoids plumieride, plumi-
eride p-Z-coumarate and plumieride p-E-cou-
marate; a cinnamic acid derivative methyl
p-E-coumarate; and a coumarin scopoletin.

Two new iridoid obtusadoids A and B along
with eight known compounds plumieridin A; plu-
mieridine; la-plumieride; 15-demethylplumieride;
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rel-(3R,3'S,4R,4'S)-3,3",4,4’-tetrahydro-6,6'-
dimethoxy[3,3’-bi-2H-benzopyran]-4,4’-diol; glo-
chiflavanoside B; oleanolic acid; and methyl
coumarate were isolated from the methanol extract
of Plumeria obtusa (Saleem et al. 2011).

The following chemical constituents were
isolated from the fresh leaves and stem bark of
Plumeria obtusa: four new triterpenoids dammara-
12,20(22)-Z-dien-3-one; dammara-12,20(22)Z-
dien-3f-ol; olean-12-en-3p,27-diol; and 27-
hydroxyolean-12-en-3-one and 12 known com-
pounds, which included eight triterpenoids
dammara-3[3,20(S),25-triol; urs-12-en-3f3-hydroxy-
27-Z-feruloyloxy-28-oic acid; 3p-hydroxyolean-
12-en-28-oic acid; 3,27-dihydroxylupan-29-
ene; 3p-hydroxylupan-29-en-28-oic acid; 3f-
hydroxyursan-12-en-28-oic acid; 3p-hydroxy-
27-p-coumaroyloxy-olea-12-en-28-oic acid; and
urs-2-en-3-one); an iridoid lo-plumieride; a
cardenolide 3a,14p-dihydroxy-17p-card-20(22)-
enolide; a fatty acid ester methyl n-octadec-
anoate; and a steroid 3f-hydroxy-A’-stigmastane
(Siddiqui et al. 2004).

Antiproliferative Activity

Leaf extracts of Plumeria obtusa displayed anti-
proliferative activity using the sulforhodamine B
assay (Wong et al. 2011). The dichloromethane,
methanol and water extract of Plumeria obtusa
flowers were found not to be mutagenic for
Salmonella typhimurium strains TA 98 and TA 100
without metabolic activation (Wongwattanasathien
et al. 2010). However, after being treated with
sodium nitrite in acid solution, the dichloro-
methane extract of Plumeria obtusa was mutagenic
on both tester strains, suggesting that consumers
who consume these flowers should avoid any
nitrite-containing food items.

Antimicrobial Activity

The essential oil of P. obtusa flowers exhibited
broad spectrum of inhibition of Staphylococcus
aureus and Bacillus cereus (Gram-positive
bacteria), Candida albicans and Candida humi-
cola (yeast) and Trichophyton mentagrophytes,
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T. rubrum and Microsporum canis (fungi). The
largest inhibition zone was | against C. humicola
(Sulaiman et al. 2008).

Antimutagenic Activity

The dichloromethane of P. obtusa flowers inhi-
bited the mutagenicity of the reaction product of
l-aminopyrene nitrite model in the absence
of metabolic activation on both Salmonella
typhimurium strains TA 98 and TA 100, while the
methanol flower extract exerted similar effect on
TA 98 (Wongwattanasathien et al. 2010). The
water—flower extract exhibited highest antimuta-
genic activity on strain TA 98. The results indi-
cated that the flowers were safe to be consumed.

Antiulcerogenic Activity

The methanol stem bark extracts were found to
be effective in healing of gastric ulcers induced
by pylorus ligation and indomethacin in rats
(Singh et al. 2012). The authors attributed this
antiulcerogenic effect to reduction in gastric acid
secretion and gastric cytoprotection and proton
pump inhibition mechanism.

Algicidal Activity

Iridoids isoplumericin, plumericin, plumieride,
plumieride coumarate and plumieride coumarate
glucoside were isolated from P. obtusa plant parts
(Coppen and Cobb 1983). All except for plu-
mieride showed algicidal activity. Roots, and in
particular the root bark, contained the highest
concentrations of iridoids. Isoplumericin and
plumericin, the compounds with the strongest
algicidal activity, were rarely found in aerial parts.
Plumeria samples were found to contain two fur-
ther highly polar, but unidentified, iridoids.

Traditional Medicinal Uses

A total of 24 plant species including Plumeria
obtusa were used by Bapedi traditional healers to
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treat diabetes mellitus in South Africa (Semenya
et al. 2012). Plumeria obtusa and Momordica
balsamina were exclusively used to treat diabetes
mellitus, and only in the Sekhukhune District.

Other Uses

Plumeria species including P. obtusa are suitable
for landscape plantings. The flowers of all
Plumeria species are utilized to make leis in
Hawaii. The flowers are also used for making
wreaths and garlands.

Comments

Plumeria species may be easily propagated from
cuttings of leafless branch tips in spring. Cuttings
are allowed to dry at the base before planting in
well-drained soil.
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Scientific Name

Plumeria rubra L.

Family

Apocynaceae

Synonyms

Plumeria acuminata W.T.Aiton, Plumeria acutifolia
Poir., Plumeria acutifolia var. gasparrini A.DC.,
Plumeria angustifolia A.DC., Plumeria arborea
Noronha, Plumeria arborescens G.Don, Plumeria
aurantia Endl., Plumeria aurantia Lodd. ex G.Don,
Plumeria aurantiaca Steud., Plumeria bicolor Ruiz
& Pav., Plumeria blandfordiana Lodd. ex G.Don,
Plumeria carinata Ruiz & Pav., Plumeria conspicua
G.Don, Plumeria gouanii D.Don ex G.Don.,
Plumeria incarnata Mill., Plumeria incarnata
var. milleri (G.Don) A.DC., Plumeria jamesonii
Hook., Plumeria kerrii G.Don, Plumeria kunthiana
Kostel., Plumeria lambertiana Lindl., Plumeria
loranthifolia Miill.Arg., Plumeria lutea Ruiz &
Pav., Plumeria macrophylla Lodd. ex G.Don,
Plumeria megaphylla A.DC., Plumeria mexicana
Lodd., Plumeria milleri G.Don, Plumeria mollis
Kunth, Plumeria northiana Lodd. ex G.Don,
Plumeria purpurea Ruiz & Pav., Plumeria rubra f.
acuminata (W.T.Aiton) Woodson, Plumeria rubra
f. acutifolia (Poir.) Woodson, Plumeria rubra f.
lutea (Ruiz & Pav.) Woodson, Plumeria rubra
f. tricolor (Ruiz & Pav.) Woodson, Plumeria rubra
f. typica Woodson, nom. inval., Plumeria rubra var.
acuminata (W.T.Aiton) R.S.Rao & Balamani,
Plumeria tenuifolia Lodd. ex G.Don, Plumeria tri-
color Ruiz & Pav.

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers,

Common/English Names

Common Frangipani, Frangipani, Graveyard
Tree, Hawaiian Lei Flower, Nose Gay, Pagoda
Tree, Red Frangipani, Red Jasmine, Red
Jasmine Of Jamaica, Red Paucipan, Temple
Flower, Temple Tree, Tree of Life, West Indian
Jasmine

Vernacular Names

Aztec: Cacalloxochitl

Brazil:  Jasmim-De-Caiena, Jasmim-Do-Par4,
Jasmin-Do-Pard, Jasmin-Manga

Burmese: Mawk-Sam-Ka, Mawk-Sam-Pailong,
Sonpabataing, Tayok-Saga, Tayoksaga-Ani

Canary Islands: Flor De Cebo

Chinese: Hong Ji Dan Hua, Ji Dan Hua, Kang
Nai Xin

Chuukese: Seewurun, Seur

Cuba: Lirio Colorado

Czech: Plumérie Cervené, Plumérie Ostrolista

Danish: Mexican Frangipani, Pagodetra

El Salvador: Flor De Mayo

French: Frangipanier

German: Frangipani, Roter Frangipani

Guatemala: Flor De La Cruz

Hawaii: Pumeli, Melia
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India: Deva Ganneru (Andhra Pradesh), Frangipani,
Goburchampa, Kath Champa, Kath Golap
(Bengali), Dolochampo, Rhada Champo
(Gujarati), Chameli, Gulachin, Gulechin, Lal
Gulachin (Hindi), Chaempae (Konkani), Vellacha-
mpakam (Malayalam), Khageleihao Angouba,
Khera Chapha, Pandhra Chapha, Sonchampa
(Marathi), Kishirachampa (Sanskrit), Arali,
Kallimandarai, Perungalli, Sampangi (Tamil),
Vadaganneru (Telugu), Achin (Urdu)

Indonesia: Kamboja, Sambija, Semboja (Java),
Kamoja, Samoja (Sundanese)

Italian: Fragipane, Pomelia

Khmer: Champei

Kosraen: For

Laos: Champa, Dok Champa

Malaysia: Kemboja, Bunga Kemboja, Chempaka,
Cempaka muliya, Chempa Raya, Chempaka
Biru, Pokok Kubur, Bunga Kubur

Mexico: Caxtaxanat, Flor De Mayo, Tenech Coahuitl

Nicaragua: Flor De Leche, Sacuanjoche

Pakistan: Champa

Palauan: Chelilai

Panama: Caracucho Colorado

Persian: Gulacin

Peru: Caracucho, Suche

Philippines: Kalachuche (Bikol), Kachuchi
(Cebu Bisaya), Kalanuche, Kalonoche (Iloko),
Kalachuche, Kalasusi, Kalatsutsi, Karachucha
Karatuche (Tagalog)

Pohnpeian: Pwohmaria

Portuguese: Flor-De-Santo-Antonio

Puerto Rico: Alheli

Sicily: Pomelia

Spanish: Alheli Cimarrén, Suche

Sri Lanka: Araliya, Pansal Mal

Tahiti: Tipanier

Thailand: Champa Lao, Champa Khawm,
Rantom, Lantom, Leelawadee

Venezuela: Amapola

Vietnam: Su Cui, Dai

Yapese: Suwur

Origin/Distribution

Plumeria rubra is native to Mexico, Central
America and Venezuela. From its native range, it
has been distributed to all tropical areas of the
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world, especially Hawaii, where it flourishes
abundantly.

Agroecology

It thrives in tropical to subtropical areas with
warm temperature of 20-32 °C and evenly dis-
tributed annual rainfall of 1,000-2,000 mm. It is
rather drought hardy but will lose its leaves under
prolonged drought. In subtropical areas, it needs
to be frequently watered in summer but sparingly
so in winter. Frangipani does best in well-drained,
fertile soils in full sun or partial shade.

Edible Plant Parts and Uses

The fruits and flowers are edible (Burkill 1966;
Kunkel 1984; Facciola 1990; Hu 2005). The
fruits are reported eaten in the West Indies. The
flowers are eaten in sweetmeats and together with
betel nut for ague. The flowers are dried and used
for herbal teas. It is one of five floral components
in the popular Chinese cooling herbal beverage
‘Five Flower Tea.’

Botany

Small, deciduous tree to 8 m high with pale
greenish-brown, smooth, thin bark becoming
rough with age. Branches swollen and leafy at
the tips. Latex copious and milky white. Leaves
alternate, glossy dark green on long stout peti-
oles. Lamina simple, elliptic to narrowly ellip-
tic, large, 15-30 cm by 68 cm, base acute, apex
acute to acuminate, margin entire, glabrous,
unicostate with 30—-40 pairs of lateral veins
(Plates 1, 2, 3 and 4). Inflorescences terminal,
2-3-branched cymes, 2—4-flowered with decid-
uous bracts. Flowers large and showy, sweetly
fragrant, bracteolate, pedicellate, bisexual, acti-
nomorphic, pentamerous, perigynous, 5-7 cm
diameter. Calyx synsepalous, five obtuse lobes.
Corolla sympetalous, salverform, tube cylindri-
cal, five obovate lobes, contorted, overlapping
to the left; lobes pink, red, yellow, or white, with
a yellow base (Plates 1, 2, 3, 4 and 5). Stamens 5,
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Plate2 Acute tip leaves and red-yellow flowers of a bico-
loured cultivar

Plate 3 Close view of the red-yellow flowers

epipetalous alternate the lobes, inserted in
corolla tube; the anthers dithecous and linear-
oblong. Ovaries 2, distinct, half inferior, each
ovary l-carpelled, 1-loculed with parietal pla-
centation, the ovules numerous in each, the style

Plate 4 Acute-tipped leaves and flowers of white-yellow
flowered cultivar

Plate 5 Close view of white-yellow flowers

1, the stigma single and massive. Fruit follicles
linear-oblong, 11-25x2-3 cm. Seeds oblong,
plano-convex, winged, with thin fleshy endosperm.

Nutritive/Medicinal Properties

Flowers, leaves and bark of Plumeria rubra
contain many bioactive compound with anti-
cancerous, antiinflammatory and antimicrobial
activities.

Phytochemicals from Flowers
P. rubra flowers were found to contain tannins,

flavonoids, terpenoids, reducing sugars and
alkaloids (Egwaikhide et al. 2009). Two iridoid
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diastereoisomers were isolated from the flowers
of Plumeria rubra cv. acutifolia (Ye et al. 2008).
A new iridoid alkaloid containing a spironolac-
tone unit, plumericidine, was isolated from the
flowers of Plumeria rubra L. cv. acutifolia (Ye
et al. 2009). Two anthocyanins cyanidin 3-O-f-
(2”-glucopyranosyl-O-p-galactopyranoside)
(75 %) and cyanidin-3-O-p-galactopyranoside
(20 %) were isolated from ornamental reddish
flowers of Plumeria rubra (Byamukama et al.
2011).

Norsita et al. (2006a) reported P. rubra pink
flowers to have the following main volatile con-
stituents: lauric acid (30.8 %), myristic acid
(17.4 %), palmitic acid (9.8 %), nonadecane
(8.2 %), methyl stearate (5.6 %), linalool (4.8 %),
docosane (2.8 %) and tricosane (2.8 %); P. rubra
orange flowers to have linalool (3.3 %), a-fenchyl
alcohol (2.1 %), geraniol (4.1 %), (E)-nerolidol
(14.4 %), caryophyllene oxide (3.1 %), (E,E)-
farnesol (4.4 %), benzyl benzoate (8.6 %), myris-
tic acid (2.9 %). 2-phenyl benzoate (3.9 %),
benzyl salicylate (20.9 %), 2,6,10,14-teyramethy
lheptadecane (2.8 %), neryl phenylacetate
(4.1 %), palmitic acid (4.4 %) and ethyl palmitate
(3.1 %); reddish-orange flowers to have n-
nonadecane (3.6 %), n-heneicosane (4.1 %), tri-
cosane (3.6 %), docosane (2.7 %), pentyl
benzoate (4 %), benzyl benzoate (4 %), phenyle-
thyl benzoate (12.3 %), benzyl salicylate (4.1 %),
methyl stearate (3.4 %), phenylethyl cinnamate
(2 %), lauric acid (11.8 %), myristic acid (3.9 %),
palmitic acid (9.3 %) and linalool (5.3 %); P. rubra
red flowers to have n-nonadecane (2 %), methyl
stearate (3.3 %), lauric acid (10.6 %), myristic
acid (18.9 %), palmitic acid (27.2 %), linoleic
acid (20.7 %), linalool (2.1 %) and terpinene-4-ol
(3.7 %). Norsita et al (2006b) also reported
P. acuminata yellowish-white flowers to have
the following main volatile components: benzyl
salicylate (39 %), benzyl benzoate (17.2 %),
(E)-nerolidol (10.6 %), neryl phenylacetate
(10.5 %), linalool (8.9 %), cinnamyl cinnamate
(2.9 %), geranial (2.6 %) and camphor (1.9 %)
and P. acuminata yellow flowers to have palmitic
acid (36.2 %), linoleic acid (16.8 %), lauric acid
(10.4 %), myristic acid (10.3 %), pentacosane
(8.1 %), tricosane (%.1 %) methyl stearate
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(4.4 %). Earlier Pino et al. (1994) reported the
following main volatiles from P. rubra var.
acutifolia flowers: n-butyl oleate (13.8 %),
n-butyl palmitate (11.5 %), methyl palmitate
(9.7 %), methyl oleate (9.3 %), linalool (8.2 %),
a-terpineol (7.63 %), cinnamyl alcohol (6.3 %),
n-butyl stearate (5.3 %), benzoic acid (4.3 %), trans,
trans-farnesol (3.2 %) and methyl stearate (2.8 %).

The major volatile constituents of Plumeria
rubra white-yellow flowers (L2) were L-linalool,
benzaldehyde 22.07 %, methyl salicylate 8.1 %,
nerolidol 4.65 %, trans-p-ocimene 3.28 % and
geranial 3.08 % (Chitsamphandhvej 2010). The
major volatile constituents of Plumeria sp. pink
flowers (LL1) were L-linalool 37.61 %, benzene
ethanol 20.71 %, trans-geraniol 12.66 %, methyl
benzoate 8.86 %, benzene acetonitrile 3.73 %,
linalool oxide 3.37 % and nerolidol 0.95 %. The
major volatile constituents of Plumeria rubra,
Leung Angthong (L3) flowers, were trans-p-
ocimene 48.73 %, benzene methanol 12.1 %,
benzene ethanol 8.98 %, methyl salicylate
7.18 %, methyl benzoate 6.21 %, L-linalool
4.68 %, trans-geraniol 3.06 %, benzene acetoni-
trile 2.9 %, benzaldehyde 1.46 % and linalool
oxide 1.03 %. The major volatile constituents of
Plumeria rubra red flowers (L5) were isoamyl
alcohol 17.96 %, trans-geraniol 11.86 %,
benzene ethanol 8.51 %, 2-methyl-1-butanol
6.01 %, 2-methyl-2-butenal 4.47 %, benzene
acetonitrile 2.34 %, methyl benzoate 1.16 % and
L-linalool 1.15 %.

A total of 74 compounds were identified in
the essential oil of Plumeria rubra forma acuti-
folia (Poir.) Woodson cv. ‘Common Yellow’
flowers (Omata et al. 1991). Linalool (14.1 %),
phenylacetaldehyde (16.1 %), trans, trans-farnesol
(11 %), p-phenylethyl alcohol (8.8 %), geraniol
(5.4 %), a-terpineol (2.8 %), neral and geranial
were found to make a major contribution to the
floral scent of the flower, the last two comprised
0.9 %. A total of 67 compounds were identified
in the essential oil of Plumeria rubra ‘Irma
Bryan’ flowers (Omataetal. 1992). B-phenylethyl
alcohol (31.6 %), phenylacetaldehyde (12.1 %)
and methyl cinnamate (1 %) were found to make
a major contribution to the floral spicy scent of
the flower, while 2-methylbutan-1-ol (10.5 %) did
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not contribute to its scent. Forty-three components
were identified from the flower essential oil of
Plumeria rubra var. acutifolia (Li et al 2006).
The main components were fatty acid such as
hexadecanoic acid, dodecanoic acid and linoleic
acid; other components included terpenoids
such as trans-nerolidol, P-linalool and trans-
geraniol. Sixteen compounds were identified
from the flower essential oil of Plumeria rubra
cv. acutifolia (Han 2007). The major compo-
nents in essential oil were nerolidol (20.25 %)
and geranyl linalool isomer (10.1 %). Other
main content components were heptacosane
(7.65 %), tetradecanoic acid (6.73 %), hexadeca-
noic acid, 2,3-dihydroxypropyl ester (2.98 %)
and 1,2-benzenedicarboxylic acid, bis(2-
methylpropyl) ester (2.68 %). The main compo-
nents of the essential oil of Plumeria rubra var.
acutifolia extracted by supercritical carbon dioxide
fluid extraction comprised 1, 6, 10-dodecatrien-
3-0l; 3,7,11-trimethyl; benzoic acid; 2-hydroxy-,
phenylmethyl ester; 1,2-benzenedicarboxylic
acid; and bis(2-methylpropyl) ester (Xiao et al.
2011). The last components comprised 66.11 %
of the total.

Seven compounds, namely, 2-methylbutan-
1-o0l, p-phenylethyl alcohol, nonadecane, hene-
icosane, benzyl salicylate, tetradecanoic acid and
phenylacetaldehyde were found in the essential
oil of P. rubra red flower variety; 19 compounds,
namely, a-terpineol, geraniol, f-phenylethyl alco-
hol, nonadecane, heneicosane, trans-farnesol,
benzyl benzoate, geranial, dodecanoic acid, benzyl
salicylate, phenylethyl benzoate, tetradecanoic
acid, tetracosane, octadecanoic acid, tricosane,
docosane, eicosane and phenylacetaldehyde in
the yellow flower variety; and 14 compounds in
P. obtusa (Sulaiman et al. 2008). The major com-
ponents found in all three species were 2-hydroxy-
benzoic acid phenylmethyl ester. All three also
shared two alkane hydrocarbons, nonadecane
and heneicosane.

Phytochemicals from Plant
Albers-Schonberg and Schmid (1961) isolated

isoplumericin, -dihydroplumericin and B-dihydrop-
lumericin along with plumericin from Plumeria
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rubra var. alba. They also isolated p-dihydrop-
lumericinic acid from the same source and also
fulvoplumierine (Albers-Schonberg et al. 1962).
Stearic acid was isolated from leaf and stem of P.
rubra, and flavonoids quercetin, quercitrin found
in the leaf, flower and stem of Plumeria rubra and
Plumeria rubra var. alba (Mahran et al. 1974b).

Taraxasteryl acetate, lupeol, stigmasterol,
oleanolic acid, cycloart-22-ene-3 «,25-diol and
rubrinol, a new triterpene of the ursane series,
were isolated from whole plants of P. rubra
(Akhtar et al. 1994). The structure of rubrinol
was elucidated as 3 [,30-dihydroxy-12-ursene.
Two new oleanene-type triterpenes 6a-hydroxy-
3-epi-oleanolic acid and 3a,27-dihydroxy-olean-
12-ene were isolated from Plumeria rubra
(Akhtar and Malik 1993).

Acidic proteins with molecular masses
between 12.5 and 74.5 kDa predominated in
laticifers of P. rubra (de Freitas et al. 2010).
Strong antioxidative activity of superoxide dis-
mutase was detected in P. rubra latices, and to a
lesser extent ascorbate peroxidase and isoforms
of peroxidase were observed. In laticifer cells of
P. rubra, four proteinases were detected, includ-
ing cysteine and serine types. A protease with
molecular weight of approximately 81.85 kDa
was purified from the latex of Plumeria rubra
plant and given the trivial name, plumerin-R
(Chanda et al. 2011). It remained active over a
broad range of temperature but had optimum
activity at 55 °C and pH 7.0 when casein was
used as substrate. Activation of the protease by a
thiol-activating agent indicated the presence of
sulfhydryl as an essential group for its activity.

Phytochemicals from Leaves

L-(+)-bornesitol was isolated from the leaves of
Plumeria acutifolia (Nishibe et al. 1971). A new
monoterpene alkaloid, (R)-4'-((S)-1-hydroxyethyl)-
5,6-dihydro-5" H-spiroyclopenta[C]pyridine-
7,2’-furan)-5'-one, designated as plumerianine;
the iridoid 15-demethylplumeride; and three known
triterpenes, namely lupeol, uvaol and ursolic acid,
were isolated from the methanol extract of Plumeria
acutifolia leaves (Hassan et al. 2008). P. rubra leaves
were found to contain tannins, phlobatannins,
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saponins, flavonoids, steroids, terpenoids, reduc-
ing sugars, carbonyl and alkaloids (Egwaikhide
et al. 2009).

Phytochemicals from Stem/Roots

The stem bark was found to contain highest content
of plumierid, and Plumeria rubra plant contains a
higher percentage of plumierid than those of
Plumeria rubra var. alba (Mahran et al. 1974a).
Plumerinine, a novel bicyclic lupin alkaloid, was
isolated from Plumeria rubra stem (Kazmi et al.
1989). The following compounds were isolated
from P. rubra bark: iridoids, fulvoplumierin,
allamcin, allamandin, plumieride, a-allamcidin,
15-demethylplumieride, p-allamcidin and
13-O-trans-p-coumaroylplumieride; the lignan,
liriodendrin, and 2,5-dimethoxy-p-benzoquinone
(Kardono et al. 1990b). A novel flavan-3-olglyco-
side, plumerubroside, was isolated from a water-
soluble extract of the stem bark of Plumeria rubra,
and its structure was elucidated as (2R,3S5)-3,4'-
dihydroxy-7,3’,5'-trimethoxyflavan-5-O-f-D-
glucopyranoside (Kardono et al. 1990a). Two new
ferulic acid derivatives, 34-hydroxy tetratriacontanyl
ferulate and 34-0O-acetyl tetratriacontanyl ferulate,
were isolated, along with plumericin and isoplu-
mericin, from Plumeria bicolor stem bark (Dobhal
et al. 1999). A new iridoid, 15-demethylisoplumi-
eride acid, was isolated from the bark of Plumeria
rubra var. acutifolia (Barreto et al. 2007).

Four new iridoids, namely, plumeridoids A, B
and C and epiplumeridoid C, were isolated from the
stem bark of Plumeria rubra together with 24
known compounds, namely, 1-(p-hydroxyphenyl)
propan-1-one; isoplumericin; plumericin; dihydro-
plumericin; allamcin; fulvoplumierin; allamandin;
plumieride; p-E-coumaric acid; 2,6-dimethoxy-
p-benzoquinone; scopoletin; cycloart-25-en-33,24-
diol; 2,4,6-trimethoxyaniline; arjunolic acid; ursolic
acid; oleanolic acid; p-amyrin acetate; betulinic
acid; lupeol and its acetate; 2,3-dihydroxypropyl
octacosanoate, glucoside of f-sitosterol, and a
mixture of common sterols (stigmasterol and
[-sitosterol) (Kuigoua et al. 2010).

Hamburger et al. (1991) isolated six compounds
from the heartwood: plumericin, isoplumericin,
protoplumericine A, plumieride, 13-O-trans-p-
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coumaroylplumieride and 4-hydroxyacetophenone
3 and several additional iridoids: 15-demethylplum-
ieride, a-allamcidin and pB-allamcidin.

Antioxidant Activity

Methanol leaf extract of Plumeria acuminata
was found to possess antioxidant and free radical
scavenging activity (Gupta et al. 2007a). The
extract inhibited peroxidation of linoleic acid
emulsion in a dose-dependent manner. Likewise
the effect of the extract on reducing power
increased in a dose-dependent manner. In DPPH
radical and nitric oxide radical scavenging assays,
the extract exhibited maximum activity of 60.42
and 56.38 % inhibition at the concentration of
125 pg/ml. Further, the extract was found to
scavenge the superoxide generated by PMS/
NADH-NBT system. The extract also inhibited
the hydroxyl radical generated by Fenton’s reac-
tion, where the ICs, value of the extract was
found to be 74.39 pg/ml and for catechin the ICs,
value was found to be 5.27 pg/ml.

Anticancer Activity

Six cytotoxic constituents characterized from
the bark of Plumeria rubra, namely, three iridoids
fulvoplumierin, allamcin and allamandin and
2,5-dimethoxy-p-benzoquinone from petroleum-
ether- and CHCI3-soluble extracts and iridoid
plumericin, and the lignan liriodendrin from the
water-soluble extract demonstrated general cyto-
toxic activity when evaluated against a panel of
cell lines composed of murine lymphocytic leu-
kemia (P-388) and a number of human cancer cell-
types (breast, colon, fibrosarcoma, lung, melanoma,
KB) (Kardono et al. 1990a, b). Five additional
iridoids: 15-demethylplumieride, plumieride,
a-allamcidin, f-allamcidin and 13-O-trans-p-
coumaroylplumieride, were obtained as inactive
constituents. Of the six compounds isolated from
the heartwood, plumericin and isoplumericin
exhibited cytotoxic and antibacterial activities,
whereas 4-hydroxyacetophenone 3 was weakly
cytotoxic (Hamburger et al. 1991). Ethanol leaf
extract of Plumeria rubra administered orally at
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the dose of 200 mg/kg body and 400 mg/kg body
weight was found to increase the life span of
Ehrlich ascites carcinoma-treated mice and restored
the hematological parameters as compared with
the untreated Ehrlich ascites carcinoma-bearing
mice (Rekha and Jayakar 2011).

Plumericin from Plumeria rubra was listed as
one of the ten most cytotoxic compounds isolated
from 148 medicinal plants listed in Cameroon
National Cancer Institute (NCI) database (Kuete
and Efferth 2011). The ICs, value for plumericin
of 60 NCI cell lines were associated with the
microarray-based transcriptome-wide mRNA
expression. Gene products identified for plumeri-
cin activity were mainly involved in enzymatic
activity and transcriptional processes or were
structural constituents of ribosomes.

Antimutagenic Activity

The ethanol extract of Plumeria rubra leaves
contains several bioactive compounds that exhib-
ited antimutagenic activities (Guevara et al.
1996). At a dosage of 2 mg isolate/25 g mouse,
unidentified compound Al reduced the number
of micronucleated polychromatic erythrocytes
induced by the mutagen, mitomycin C, by 75 %;
stigmast-7-enol by 80 %; lupeol carboxylic acid
by 57 %; and ursolic acid by 76 %.

Antiinflammatory Activity

The methanol leaf extract also possessed potent
antiinflammatory activity (Gupta et al. 2006). It
exhibited significant antiinflammatory activity
in both acute and chronic experimental animal
models. The extract (500 mg/kg/bw) exhibited
maximum antiinflammatory effect, that is,
30.51, 47.06, 34.48 and 32.50 % at the end of
3 hours using carrageenan, dextran, histamine and
serotonin assays, respectively. Administration of
the extract (500 mg/kg/bw) and indomethacin
(10 mg/kg/bw) significantly reduced the forma-
tion of granuloma tissue induced by cotton
pellet method at a rate of 45.06 and 51.57 %,
respectively. The effect produced by the extract
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was comparable to that of indomethacin, a pro-
totype of a nonsteroidal antiinflammatory agent.
The crude methanol extract of Plumeria rubra
leaves was found to possess antiinflammatory
(Rastogi et al. 2009). The antiinflammatory
activity was dose dependent and found to be sta-
tistically significant at the concentration 100
and 200 mg/kg.

In the passive cutaneous anaphylaxis model,
plumerianine isolated from the root bark of
Plumeria acutifolia elicited a significant dose-
dependent decrease in the leakage of Evans blue
dye leaked at the site when compared with con-
trol (Vijayalakshmi et al. 2011). In the passive
paw anaphylaxis model, plumerianine produced
as significant dose-dependent decrease in paw
volume induced by antiserum. Plumerianine also
exhibited significant inhibition of rat paw oedema
and granuloma tissue formation, including sig-
nificant protection of red blood cells against the
haemolytic effect of hypotonic solution, an indi-
cation of membrane-stabilizing activity. The
authors postulated that anti-anaphylactic activity
of plumerianine may be possibly due to inhibi-
tion of the release of various inflammatory medi-
ators. Antiinflammatory activity of plumerianine
may be related to the inhibition of the early phase
and late phase of inflammatory events.

Antimicrobial Activity

Rubrinol isolated from the whole plant was
found to be active against Bacillus anthracis,
Pseudomonas aeruginosa, Pseudomonas pseu-
domallei and Corynebacterium pseudodiphtheri-
cum (Akhtar et al. 1994). Ethanol extract of the
stem bark exhibited in vitro antimicrobial activity
against Gram-positive bacteria (Bacillus subtilis,
Enterococcus faecalis, Staphylococcus aureus),
Gram-negative bacteria (Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aerugi-
nosa, Salmonella typhimurium) and fungi
(Aspergillus niger and Candida albicans) (Rasool
et al. 2008). The ethanol extract showed the
strong in-vitro antimicrobial activity against
E. faecalis, B. subtilis, S. aureus, P. aeruginosa,
S. typhimurium, A. niger and C. albicans.
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The crude methanol leaf extract of P. acuminata
inhibited the growth of both Gram-positive bacte-
ria (Bacillus subtilis, Staphylococcus aureus and
Micrococcus luteus) and Gram-negative bacteria
(Escherichia coli, Pseudomonas aeruginosa and
Salmonella typhimurium) (Gupta et al. 2008).
Gram-positive bacteria tested appeared to be more
susceptible to the extract than the Gram-negative
bacteria. The extracts also showed significant
antifungal activity against Aspergillus niger and
Candida albicans. All tested microorganisms
showed dose-dependent susceptibility towards the
methanol extracts. Ethanol and chloroform leaf
extracts of P. rubra exhibited partial antibacterial
activity in vitro against Staphylococcus epidermi-
dis at 750 and 1,000 pg/ml but at 1,500 pg/ml was
completely inhibitory to S. epidermidis and
Escherichia coli (Baghel et al. 2010). The ethyl
acetate and aqueous leaf extract was partially
inhibitory to S. epidermidis at 1,000 pg/ml but at
1,500 pg/ml was completely inhibitory to S. epi-
dermidis and Escherichia coli. The standard drug
ciprofloxacin is showing complete antibacterial
activity against S. epidermidis and Escherichia
coli at 500 and 750 pg/ml, respectively.

The methanol extract of P. rubra flowers inhibited
significantly in-vitro growth of Corynebacterium
pyogenes, Staphylococcus aureus, Streptococcus fae-
calis, Bacillus stearothermophilus, Staphylococcus
epidermidis, Bacillus cereus, Bacillus polymyxa,
Klebsiella pneumoniae, Pseudomonas aeruginosa,
Bacillus anthracis, Bacillus subtilis, Escherichia
coli, Pseudomonas fluorescens and Clostridium
sporogenes (Egwaikhide et al. 2009). The methanol
leaf extract was also inhibitory but comparatively
less to all the bacteria tested and was not inhibitory
to Corynebacterium pyogenes and Klebsiella
pneumoniae.

The essential oil of P. rubra red flower variety
inhibited growth of Bacillus cereus, Candida albi-
cans, Candida humicola and Trichophyton
rubrum, while the essential oil from the yellow
flower variety inhibited growth of Bacillus cereus
and Candida humicola (Sulaiman et al. 2008).
Plumeria rubra was one of four Latin American
plant extracts that exhibited inhibitory activity
against the subcutaneous fungus Fonsecaea pedro-
soi with MIC of 12.5 pg/ml (Gaitan et al. 2011)
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Antiviral Activity

Plumeria rubra yielded the iridoid, fulvoplumi-
erin—an active, inhibitory compound with an
ICsy 45 pg/ml against the human immunodefi-
ciency virus type 1 reverse transcriptase (HIV-1
RT) (Tan et al. 1991).

Larvicidal Activity

Silver nanoparticles (AgNPs) synthesized using
Plumeria rubra plant latex were found to be toxic
to second and fourth larval instars of Aedes
aegypti and Anopheles stephensi (Patil et al.
2012). AgNPs were more toxic to the larval
stages than the crude latex extract. Toxicity stud-
ies carried out against nontarget fish species
Poecilia reticulata; the most common organism
in the habitats of A. aegypti and A. stephensi
showed no toxicity at LCsy and LCy, doses of the
AgNPs.

Hypoglycemic Activity

P. rubra was reported as one of several Mexican
medicinal plants used in folkloric medicine to
control diabetes mellitus (Hernandez-Galicia
et al. 2002). Treatment of alloxan-induced
hyperglycaemic rats with the flavone glycoside
from P. rubra significantly reduced the level of
serum triglycerides but did not alter blood glu-
cose and serum total cholesterol (Merina et al.
2010). Administration of the glycoside signifi-
cantly reduced the elevated levels of blood urea
and creatinine and the activities of aspartate
aminotransferase (SGOT) and alanine amino-
transferase (SGPT) when compared with the
hyperglycaemic control animals. Antioxidant
activity of the flavone glycoside was also con-
firmed through in-vitro studies wherein the rate
of malondialdehyde formation was markedly
inhibited. The authors concluded that the bene-
ficial effect of the flavone glycoside treatment
on triglycerides observed assumes greater sig-
nificance as a useful drug to decrease hyperlip-
idemic risks in diabetes.
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Antipyretic and Antinociceptive
Activity

Gupta et al. (2007b) showed that a single oral
administration of different doses (100, 250 and
500 mg/kg) of the methanol leaf extract of P. acu-
minata significantly reduced brewer’s yeast-
induced hyperthermia in rats. The extract also
elicited pronounced inhibitory effect on acetic
acid-induced writhing, hot plate, tail-flick and
tail immersion responses in mice in the antinoci-
ceptive tests.

Intraperitoneal administration of boiled milk
at a dose 0.5 ml/kg body weight in albino rabbit
led to pyrexia; this pyrexia was reverted by intra-
peritoneal administration of ethanol leaf extract
of P. rubra at a dose 200 mg/kg body weight
(Misra et al. 2012). The extract significantly
reduces the elevated body temperature of rabbit
which was compared with aspirin (standard drug)
and solvent used.

Anxiolytic Activity

Subchronic oral administration of Plumeria
rubra flower ethanol extract at 100 mg/kg p.o. to
male Swiss mice increased the time spent in the
open arms of the elevated plus-maze test
(Chatterjee et al. 2013). The extract was further
fractionated into hexane, chloroform, butane sol-
uble and n-butane-insoluble fractions, out of
which the butanol-insoluble fraction (BIF)
showed significant anxiolytic activity compara-
ble to standard anxiolytic drug, diazepam. Both
the flower ethanol extract and BIF did not show
any significant alterations in the horizontal activ-
ity, total distance and stereotypy count in the
activity monitor. No motor incoordination side
effects were observed after the extract and BIF
pretreatment in the rotarod test in mice.

Antifertility Activity

Studies in female Sprague—Dawley rats showed
that the aqueous (2 g/kg), ethanol (0.75 g, 1.3
and 1.5 kg/kg), methanol and dichloromethane
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(1.3 g and 1.5 g/kg) extracts of stem bark of
Plumeria rubra exhibited antifertility activity
(Gunawardana et al. 1998). The extracts were
embryotoxic causing foetal death and subse-
quent resorption. Toxic symptoms observed in
these experiments included reduced food
intake, loss of body weight, and diarrhoea. Two
deaths were recorded in the dichloromethane-
treated group. The weight loss observed with
some extracts, which showed significant anti-
fertility activity, varied from slight to moderate
to large.

The aqueous, alcohol, ethyl acetate and
chloroform extract of P. rubra pods exhibited
abortifacient activity (8—10 %) when adminis-
tered to pregnant rats from day 11 to 15 of preg-
nancy (Dabhadkar and Zade 2012). The extracts
significantly reduced the number of live foe-
tuses, and the resorption index and post-implan-
tation losses increased significantly. The
percent of abortion was found to be highest
(100 %) with 200 mg/kg dose of alcohol extract
of P. rubra pods. In another paper, they reported
that the ethanol extracts of P. rubra pods exhib-
ited abortifacient activity (13.46-100 %)
(Dabhadkar et al. 2012). The extract signifi-
cantly reduced the number of live foetuses,
whereas the resorption index and post-implantation
losses increased significantly. The rate of abor-
tion was found to be highest (100 %) at 200 mg/
kg dose of alcoholic extract of P. rubra pods.
In ovariectomized immature young rats, the
extract showed significant estrogenic effect
(vaginal opening, vaginal cornification and
increased uterine weight) at the dose 200 mg/kg
body weight. The phytochemical screening
revealed the presence of alkaloids, flavonoids,
simple phenolics, steroids, tannins and sapo-
nins in the extract.

Anthelmintic Activity

The crude methanol extract of Plumeria rubra
leaves was found to possess anthelmintic activity
(Rastogi et al. 2009). The anthelmintic effect of
at 25 mg/ml concentration was comparable to the
reference standard piperazine citrate.
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Molluscicidal Activity

Of the six compounds isolated from the heartwood,
plumericin and isoplumericin exhibited mollusci-
cidal activity (Hamburger et al. 1991).

Toxic Immunoreactive Activity

Radford et al. (1986) found significant amounts
of immunoreactive cardiac glycoside in Plumeria
rubra. Awareness of the existence of such com-
pound in Plumeria and their dangers allows them
to be avoided and poisoning prevented.

Traditional Medicinal Uses

In traditional medicinal system, different parts of
the plant have been mentioned to be useful in a
variety of diseases. In India, the plant material is
widely used as a purgative, remedy for diarrhoea
and cure for itch. The milky juice is employed for
the treatment of inflammation and rheumatism.
The bark has been reported to be useful in hard
tumours, diarrhoea, fever and gonorrhoea. The
flowers are eaten with betel nut to cure ague.

In Mexico, the natives used it for skin com-
plaints, for intermittent fevers and for dispersing
dropsies by purging when applied to the stomach.
In the West Indies, the bark is diuretic and the
latex is used for purging. In the Philippines, the
bark is used as a purgative, emmenagogue and
febrifuge; the latex has the same effects. In Java
and Madura, the bark is given for gonorrhoea,
dropsy and dysuria due to venereal disease. The
milky latex is used as a counterirritant for tooth-
ache and for sores. A decoction of the leaves is
applied as lotion for cracks and eruptions on the
sole of the feet and the paste of the leaves for
poulticing swellings. In Thailand, a flower infu-
sion is used as cosmetic applied after bathing but
is slightly rubefacient. In Myanmar, the shoot,
bark and flowers are employed for leprosy, for
pruritis and for healing boils, carbuncles, and
ascites. They are analgesic and employed as feb-
rifuge for persistent fever. The bark and leaves
are used for rheumatism, abdominal tumours and
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inflammation. The flower and shoots are used
also for Malaria. In Mexico, decoction of flowers
is used in diabetes.

Flowers of Plumeria rubra, Chrysanthemum
morifolium, Lonicera japonica, Bombax morifo-
lium, and Sophora japonica are the five primary
constituents of the popular cooling herbal
beverage ‘Five Flower Tea’ (Hu 2005; Kong et al.
2006). This Five Flower Tea is one of the top five
remedies for ‘Hot Qi” (Kong et al. 2006). ‘Hot Qi’
is often used by Chinese parents to describe
listless symptoms in their children in Hong Kong.
Eye discharge (37.2 %), sore throat (33.9 %), hali-
tosis (32.8 %), constipation (31.0 %), and irrita-
bility (21.2 %) were the top five symptoms of
‘Hot Qi’ in children In Hong Kong.

P. rubra is one of several plants reported to be
used for permanent sterilization for birth control
in different parts of Assam, India (Tiwari et al.
1982). The Irula tribe of the Chittoor district of
Andhra Pradesh use the flowers to treat itch
(Vedavathy et al. 1997).

Other Uses

P. rubra has become a popular ornamental land-
scape tree in many tropical and subtropical coun-
tries. Flowers are popularly used in garlands or
leis in Hawaii and also for wreaths elsewhere. In
2005 over 14 million blooms were sold for lei in
Hawaii (Criley 2009). Collectors have descended
upon Hawaii to find different colour forms, fra-
grances and flower shapes, and the fever to own a
new plant has brought prices as high as $75 per
cutting for rare and unusual forms. The blooms
are often used for decorating bath in aroma ther-
apy. P. rubra is Laos national flower.

Comments

It can be differentiated from Plumeria obtusa
using salient leaf characteristics; in Plumeria
rubra, the leaf blade is acute or acuminate at
apex, matte adaxially and glaucous. In Plumeria
obtusa, the leaf blade is rounded at apex, shiny
adaxially and dark green.
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Telosma cordata

Scientific Name

Telosma cordata (Burm.f.) Merrill

Synonyms

Asclepias cordata Burm.f., Asclepias pallida Roxb.,
Cynanchum odoratissimum Loureiro, Oxystelma
ovatum PT. Li & S.Z. Huang, Pergularia minor
Andrews, Pergularia odoratissima (Loureiro)
Roxb. ex Smith, Telosma minor (Andrews)
W.G. Craib, Telosma odoratissima (Loureiro) Coville

Family

Asclepiadaceae

Common/English Names

Chinese Violet, Cowslip, East Coast Creeper,
Fragrant Telosma, Night Fragrant Flower, Pakalana
Vine, Primrose Creeper, Tonkin Creeper, Tonkin
Jasmine, Tonkin Telosma

Vernacular Names

Chinese:Ye-Lai-Xiang,Yeh-Lai-Hsiang, Ye-Xiang-
Hua, Yeh-Hsiang-Hua

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers,

French: Parfum Nocturne, Pergulaire

Hawaiian: Miulana Ke’oke’o, Pakalana

India: Surkilla (Hindi), Cambangikkodi (Tamil),
Alapaala, Errumalle-tige, Konda Male-tige,
Seethamanoharamu (Telugu), Kusiyari (Uttar
Pradesh), Kanjalate, Seetamanoharam

Malaysia: Bunga Siam, Bunga Tonkin, Melati
Tonkin

Spanish: Fragancia Nocturna

Thai: Salit

Vietnamese: Thién Ly, Hoa Thién Ly

Origin/Distribution

The plant is a native of India, Burma, Indochina
and South China. It is widely cultivated in
Southeast Asia especially in Thailand, Vietnam
and Malaysia. It was introduced and cultivated in
Java from the seventeenth century.

Agroecology

In its native range, the plant is found in second-
ary forest, bushland and open woods in low
elevation in the subtropics and tropics. It is
also cultivated in home gardens. It thrives in
full sun in well-drained, fertile sandy-loam soil
with optimum pH 6.1-7.5. It is tolerant to
drought and poor soil but sensitive to flooding
and cold.
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Edible Plant Parts and Uses

Opened and unopened flowers in umbels and
young leaves are eaten as vegetables in China,
Thailand, Vietnam, Kampuchea and Laos, cooked
in soups or stir-fries with eggs and with meat
(Burkill 1966; Uphof 1968; Facciola 1990; Hu
2005; Tanaka and Nguyen 2007; Yang et al.
2008). Tuberous roots are also eaten as sweetmeat
by the Chinese in Java. Flowers yield an oil which
is used in cooking.

Botany

Small, perennial, climber growing to 10 m long
with much-branched, yellowish green stem,
pubescent when young becoming pale grey and
glabrescent (Plate 1). Leaves borne on 1.5-5 cm
long petioles. Leaf lamina ovate, 6-11 cm long,
base deeply cordate with narrow sinus, apex
acuminate; basal veins 3, lateral veins to six pairs,
glabrous or puberulous on the nerves (Plates 1, 2
and 3). Flowers in 15-30-flowered, umbellate
cymes, puberulent, fragrant especially at night
(Plates 4 and 5). Bract linear, caducous. Sepals
oblong-lanceolate, puberulent on the outside.
Corolla greenish-yellow to pale yellow, salver-
shaped, tube 6—10 x 4—6 mm, puberulent outside,
with ciliate, oblong-linear lobes, twisted in bud
(Plates 1 and 3). Corona in one series with
slightly fleshy lobes, basal part ovate, apex acu-
minate, often notched to deeply lobed, internal

appendage often longer than lobe proper. Pistil
with two carpels with numerous ovules on sub-
marginal placenta. Filaments united, anthers
with two locules each with one oblong or reni-
form pollinia. Stigma large, capitate. Follicles
lanceolate 6-12 x2-3.5 cm, glabrous, somewhat

Plate 2 Close view of leaves

Plate 1 Fragrant Telosma vine

Plate 4 Unopened flower buds
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Plate 5 Harvested flowers and buds on sale in a local
market

obtusely 4-angled. Seeds broadly ovate, 1 x 1 cm,
flat, apex truncate, margin membranous bearing
3—4 cm long silky coma.

Nutritive/Medicinal Properties

The flower bud was reported to have the follow-
ing nutrient compositions: 11 g dry matter, 1.18 g
fiber, 2.62 g sugar, 3.13 g protein, 0.74 mg vita-
min C, 52 mg p-carotene, 19 mg Ca and 0.92 mg Fe
(Kuo 2002). Flavonoid content (mg/100 g FW) of
the flower bud amounted to 12.8 % dry matter
made up of the following flavonoids (mg/100 g
FW): quercetin 0.2 mg, kaempferol 8.7 mg and
total flavonoids 8.9 mg (Yang et al. 2008). A total
of 43 compounds were identified from the essential
oil of Telosma cordata flowers (Arai et al. 1993).
Geraniol, p-ionone, dihydro-p-ionone, dihydro-
f-ionol and cis-theaspirane and trans-theaspirane
were found to contribute largely to the characte-
ristic scent of the flower.

Comparison of mean vitamin C concentra-
tions resulting from different cooking methods in
leaves and tender tips and flower vegetables
showed conventional stir-fried pagwanpa, pag-
wanban and cowslip creeper (Telosma cordata)
to be excellent sources of vitamin C (64.4—
70.8 mg/100 g) (Somsub et al. 2008)

The methanol extract from the leaves of
Telosma cordata showed in-vitro cytotoxic activ-
ity against Hep-G2 (hepatonema carcinoma),

F1 (fibril sarcoma of uterus) and RD
(rhabdosarcoma) with the EDs, values of 39.0,
12.6, and 5.6 %, respectively (Le et al. 2005).
Fractionation of the extracts gave compounds
belonging to different classes. Four compounds
lutein, I-dotriacontanol, 24FE-stigmasta-5,22-
dien-3p-ol and daucosterol were isolated from
the n-hexane extracts.

Traditional Medicinal Uses

Fragrant Telosma oil is used medicinally in tradi-
tional medicine to treat conjunctivitis. The plant
is used as antipyretic, an antidote to poison, tran-
quilizer and fatigue reducer. It is also used to
relive backbone aches and to decrease hematuria
(Tanaka and Nguyen 2007).

The Kol tribes of Vindhyan region of Uttar
Pradesh apply latex of the fruit and fruit paste of
Telosma pallida externally on the localized white
patches during the initial stage of leucoderma
disease (Singh and Narain 2010).

Other Uses

It is also planted as an ornamental creeper. The
flowers are very fragrant and yield a perfumed
oil. The plant is readily propagated from stem
cuttings or seeds.

Comments

Some botanists are of the view that Telosma cor-
data is possibly a cultigen of T. pallida selected
for fragrant flowers.
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Agave sisalana

Scientific Name

Agave sisalana Perrine ex Engelmann

Synonyms

Agave amaniensis Trel. & Nowell, Agave
sisalana var. armata Trel., Agave sisalana
f. armata (Trel.) Trel., Agave rigida var.
sisalana (Perrine) Engelm., Agave rigida var.
sisalana Perrault ex Engelmann, Agave rigida
var. sisalana Baker, Agave segurae D. Guillot &
P. Van der Meer

Family

Asparagaceae

Common/English Names

Agave, Century Plant, Hemp Plant, Mescal,
Sisal, Sisal Agave, Sisal Hemp

Vernacular Names

Afrikaans: Garingboom
Angola: Ngwengwe (Umbundu)
Arabic: Sabra

Brazil: Sisal (Portuguese)

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers,

Chinese: Jian Ma

Danish: Sisalagave

Democratic Republic of Congo: Cinusi (Mashi),
Umugwegwe (Kinyarwanda)

Czech: Agave Sisal, Agave Sisalova

Estonian: Sisaliagaav

Ethiopia: Alge (Oromo), Qacha (Ambharic)

Fiji: Dali, Mescal, Natali, Ndali

Finnish: Sisalagaave

French: Agave, Sisal, Langue De Beeuf, Pite Sisal

German: Agavendicksaft; Sisal-Agave

Hawaiian: Malina

Hungarian: Szizdl, Szizal Agave

India: Khetki (Hindi)

Kenya: lkonge (Kamba, Taita), Makonket
(Sabaot), Tuoro (Kit Mikayi Region), Miikongo
(Kikuyu), Kamakonge, Kumukonge, Likonge,
Sisal (western Kenya)

Kiribati: Te Rob’, Te Robu

Latvian: Sisals

Madagascar: Tareta

Mayan: Tsootquij

Mexico: Ixtle Manso, Maguey Africano, Maguey
Delgado, Mescal Casero, Mescal Del Monte,
Pita-ci, Zapupe Fuerta

Polish: Agawa Sizalowa

Portuguese: Agave, Linho Sisal, Sisal

Spanish: Maguey De Sisal

Swahili: Mkatani, Mkatani Mkonge

Swedish: Sisalagave

Vietnamese: Agao Soi, Dira Sgi Cu Ba, Dtra S¢i
Khoéng Gai, Thua Soi

Zambia: Ubukonge (Bemba)
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Origin/Distribution

The origin of Agave sisalana is in Central
America, probably in southern Mexico based on
the strength of traditional local usage (Gentry
1982). In the nineteenth century, sisal cultiva-
tion spread to Florida, the Caribbean islands,
Brazil, parts of Africa notably Tanzania, Kenya
and Madagascar, Asia, the Pacific Islands and
Australia where it has become naturalized.
Agave has become an invasive weed species in
some countries like Australia where it develops
dense infestations which can prevent the regen-
eration of trees and exclude understorey species
in native bushland.

Agroecology

Sisal is a robust, hardy tropical species found
growing from near sea level to a 1,800 m altitude
as in tropical Africa. In its native and naturalized
range, it can be found in bushland, roadsides,
savanna and along drainage lines. It thrives in full
sun, in areas with a maximum temperature of
27-32 °C and minimum temperatures of 16 °C or
higher and daily fluctuations not exceeding
7-10 °C. It grows best in regions with an average
annual rainfall of 1,000-1,250 mm but is often
grown with less rain as in semiarid areas.
Excessive rainfall is detrimental to the plant.
Under dry conditions or at low average tempera-
tures, it forms fewer leaves per year and has a
longer life cycle. Sisal prefers sandy-loam soils
but can be grown on a range of soils, provided
they are rich in bases, especially calcium, and
well drained. Sisal is intolerant of waterlogging.
Optimum pH is between 5.5 and 7.5, though sisal
has been grown on soils with pH 4-5.

Edible Plant Parts and Uses

Five major parts of the Agave are edible: the
flowers, the leaves, the stalks or basal rosettes, the
sap (called aguamiel—honey water) (Davidson
2006; Deane 2012), and the roots (Deane 2012).

Each Agave plant will produce several pounds of
edible flowers during the summer. The flower
stalks before flower opening can be harvested,
roasted and eaten; they are sweet, like molasses.
During inflorescence development, the base of the
young flower stalk is rich in sap and yields a syrup
(also called Agave nectar) when tapped, which is
used as an alternative to sugar in cooking, and is
promoted as a healthy alternative or fermented
into alcoholic beverage, pulque or mescal. The
leaves may be collected in winter and spring—
when the plants are rich in sap—boiled and eaten.
In Java, the heart of new shoot is eaten (Tanaka
1976). The root is caustic, but once cooked for a
couple of days it is sweet and can be eaten.

Botany

A robust, monocarpic herbaceous perennial with a
short thick stem 120 cm by 20 cm, with a basal
rosette of numerous (50—>150) leaves, 1.5-2 m
high (Plates 1 and 2). Leaves glaucous when
young, margin minutely spiny, later dark blue-
green, ensiform, linear-lanceolate, straight 100—
150 cm long by 10-15 cm wide, succulent,
adaxially concave, abaxially convex, margin not
spiny, apex straight and tipped with a red-brown
spine 2-3 cm. Inflorescence a panicle on a long
peduncle, 2-8 m tall, branching at the upper half,
branches widely spreading, 30-100 cm by 2 cm,
apically 5-6 times branched trichotomously, bear-
ing about 40 flowers per branch and bearing
numerous bulbils on the inflorescence branches
after anthesis (Plate 2). Flowers strongly odorous,

Plate 1 Immature sisal plant
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Plate 2 Mature, flowering sisal plants

erect, protandrous; pedicel short; perianth tubular,
6-lobed, 5-6 cm long, pale yellowish green, tube
1-2 cm long, lobes obovate-oblanceolate, on inner
side of the top with a tuft of hairs; stamens 6,
attached above the middle of the perianth tube,
6-8 cm long; ovary inferior, 3-loculed, style
67 cm long, stigma 3-lobed. Fruit (rarely pro-
duced) an ellipsoid capsule, green becoming black
when matured containing about 150 seeds. Seeds
rounded-deltoid, thin, flat and black.

Nutritive/Medicinal Properties

Agave sisalana juice was found to be acidic
(pH=5.42) and to contain abundant water
93.73 %, 11.56 % crude protein, 1.11 % total
soluble sugar, 1.48 % ash and 8.7 % inulin con-
tent (stored juice), while fresh juice had 20.87 %
inulin (Sharma and Varshney 2012). Wilson
(1971) reported that sisal fibre contained 78 %
cellulose, 8 % lignin, 10 % hemicelluloses, 2 %

waxes and about 1 % ash by weight. Rowell
(1992) reported sisal to contain 43-56 % cellu-
lose, 7-9 % lignin, 21-24 % pentosan and 0.6—
1.1 % ash. Joseph et al. (1996) reported sisal to
contain 85-88 % cellulose. Agave sisalana was
found to contain 77.3-84.4 % cellulose and 6.9—
10.3 % hemicelluloses, lignin 7.4—11.4 (Martin
et al. 2009). Sisal leaf was reported to contain
about 4 % by weight of extractable hard fibre,
with the remains from the leaf still possessing
up to 20 % by weight of extractable pulp and
short fibres, the remainder being water and sol-
uble sugars and the stem (bole) and the pole
contained abundant solid pulp and liquid juice
with a high concentration of soluble sugars
(Bisanda and Enock 2003). Sisal pulp was found
to have a crude protein of 7.3 %, crude fibre of
152 % and NFE (nitrogen free extract)
59.6 %(Gebremariam and Machin 2008). Sisal
plant was reported to contain three types of
fibres: structural (mechanical) occurring in the
periphery of the leaf (most useful fibre); ribbon,
longest fibres, occurring in association with the
conducting tissues in middle of the leaf; and
xylem fibres with thin-walled cells in the con-
ducting vascular bundles (Bisanda and Ansell
1992; Li et al. 2000).

Agave sisalana and kenaf (Hibiscus cannabi-
nus) were found to contain highly gamma-acylated
lignins with acetate groups (del Rio et al. 2008).
The structures of all these highly acylated lignins
were characterized by a very high syringyl/guaia-
cyl ratio, a large predominance of B-O-4' linkages
(up to 94 % of all linkages), and a strikingly low
proportion of traditional beta-beta’ linkages. The
occurrence of beta-beta’” homocoupling and cross-
coupling products of sinapyl acetate in the lignins
from sisal and kenaf indicated sinapyl alcohol to
be acetylated at the monomer stage and that, there-
fore, sinapyl acetate should be considered as a real
monolignol involved in the lignification reactions.
The acetylated heteroxylan O-acetyl-(4-O-
methylglucurono)xylan with a molecular weight
(Mw) of 18 kDa was isolated from Agave sisalana
(Marques et al. 2010). The heteroxylan backbone
was composed of (1 — 4)-linked 3-p-xylopyranosyl
units (Xylp) partially branched with terminal
(1—-2)-linked  4-O-methyl-a-p-glucuronosyl
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(MeGlcpA, 9 mol%) and a small proportion of
a-D-glucuronosyl (GlepA, <1 mol%) residues.
Roughly 61 mol% of Xylp residues were
acetylated.

Agave sisalana was also reported to contain
sapogenins and saponins. The distribution of the
steroid sapogenin constituents of Agave sisalana
at various phases of growth was studied by
Dawidar and Fayez (1961). It was suggested
that in the bulbils, gitogenin (as first generation
in sapogenin biogenesis ) afforded tigogenin
(as second generation) which was transformed
during the course of the long life of the plant
to hecogenin and neotigogenin (as third genera-
tion). At the end of the life cycle, neotigogenin
and hecogenin of the old leaves were trans-
formed by a reverse mechanism to tigogenin
in the flowering top and then to gitogenin.
They found that hecogenin was most abundant
(0.235 %) in the leaves of the old plant. The
major sapogenins (hecogenin, 9(11)-dehydro-
hecogenin and tigogenin) occurring in the Agave
species including A. sisalana were analyzed by
reversed-phase high-performance liquid chro-
matography (Higgins 1976). Sarsasapogenin,
9(11)-dehydrotigogenin and diosgenin were
also analyzed by this rapid and accurate method.
Rockogenin was found to be formed from heco-
genin during processing of A. sisalana leaves
(Blunden et al. 1977); hecogenin 3p-hydroxy-
(25R)-5a-spirostan-12-one  and  tigogenin
(25R)-5a-spirostan-3p-ol were isolated from
A. sisalana leaf and leaf juice, crude saponin con-
centrates known as ‘coffee grounds’ (Cripps and
Blunden 1978). In East African samples, the
tigogenin proportion of the total sapogenin con-
tent is usually about 10 %. Leaves of Tanzanian,
Kenyan and Angolan A. sisalana plants were
found to have 0.34, 0.47 and 1.16 % hecogenin
and 0.2, 0.2 and 0.1 % tigogenin, respectively
(Sitton et al. 1982).

Barbourgenin a steroidal sapogenin, rockogenin
and chlorogenin were isolated from coffee grounds
produced from the acid hydrolyzed juice of the
leaves of A. sisalana (Blunden et al. 1986). Three
steroidal saponins, dongnosides C-E, were iso-
lated from the methanol extracts of the fermented
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residues of leaf juices of Agave sisalana and their
structures  elucidated as tigogenin-3-O-f-D-
xylopyranosyl(1 — 2)[B-p-glucopyranosyl(1 — 3)]
B-p-glucopyranosyl(1 — 4)B-p-galactopyranoside,
tigogenin-3-0-f-p-xylopyranosyl(l — 3)p-p-
xylopyranosyl(1 — 2)[p-p-glucopyranosyl (1 — 3)]
B-p-glucopyranosyl(1 — 4)B-p-galactopyranoside
and tigogenin-3-0-a-L-thamnopyranosyl (1 —4)
B-p-xylopyranosyl(1 — 2)[p-p-glucopyranosyl
(1 - 3)]p-p-glucopyranosyl(l — 4)p-p-
galactopyranoside, respectively (Ding et al.
1989).

Two major steroidal saponins, named dongno-
sides B and A, were isolated from A. sisalana
leaf juice, and their structures characterized,
respectively, as tigogenin 3-0-alpha-L-rhamonpy
ranosyl-(1 — 4)-fB-p-glucopyranosyl-(1 — 2)-[p-p-
glucopyranosyl-(1 — 3)]-B-p-glucopyranosyl-
(1 - 4)-p-p-galactopyranoside and  3-O-a-L-
rhamnopyranosyl-(1 — 4)-p-p-glucopyranosyl-
(1 = 2)-[p-p-xylopyranosyl-(1 — 3)-B-p-gluco
pyranosyl-(1 — 3)]-p-p-glucopyranosyl-(1 — >4)-
B-p-galactopyranoside (Ding et al. 1993). Two
furostanol saponins were isolated from Agave
sisalana leaves, and their structures established
as(25S)-26-(B-p-glucopyranosyl)-22xi-hydroxyfurost-
12-one-3p-yl-O-a-L-rhamnopyranosyl-(1 — 4)-
p-p-glucopyranosyl-(1 — 3)-O-[O-B-p-gluco
pyranosyl-(1 - 2)]-O-B-p-glucopyranosyl-
(1 — 4)-p-p-galacto-pyranoside and (25S)-26-(p-
D-glucopyranosyl)-22xi-hydroxyfurost-5-en-12-
one-3f-yl-O-a-1-thamno-pyranosyl-(1 — 4)-p-b-
glucopyranosyl-(1 - 3)-O-[O-p-p-gluco
pyranosyl-(1 — 2)]-O-p-p-glucopyranosyl-(1 — 4)-
B-p-galactopyranoside (Zou et al. 2006). Three
flavonoids 5,7-dihydroxyflavanone (1), kaemp-
ferol 3-rutinoside-4'-glucoside (9) and kaemp-
ferol 3-(2G-rhamnosylrutinoside) (10) and seven
homoisoflavonoids 7-O-methyleucomol (2) [9],
3’-deoxysappanone (3), (+)-3,9-dihydroeucomin
(4), dihydro-bonducellin (5), 7-hydroxy-3-
(4-hydroxybenzyl)chromane (6) 5,7-dihydroxy-
3-(4’-hydroxybenzyl)-4-chromanone (7), and 5,7-
dihydroxy-3-(3’-hydroxy-4’-methoxybenzyl)-4-
chromanone (8) were isolated from methanol
extraction of Agave sisalana leaves (Chen et al.
2009).
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A furostanol saponin, sisalasaponin C (1), and
a spirostanol saponin, sisalasaponin D (2), were
isolated from the fresh leaves of Agave sisalana,
along with three other known steroidal saponins
and two stilbenes (Yu et al. 2011). Their struc-
tures were identified as (3p,5x,60,22a,25R)-
3,26-bis[(B-p-glucopyrano-syl)oxy]-22-hydroxy
furostan-6-yl B-p-glucopyranoside (1); (3f,5a,
25R)-12-oxospirostan-3-yl ~6-deoxy-o-L-manno
pyranosyl-(1 — 4)-B-p-glucopyranosyl-(1 — 3)-
[B-p-xylopyranosyl-(1 — 3)-p-p-glucopyranosyl-
(1 - 2)]-p-p-glucopyranosyl-(1 — 4)-f-p-galacto-
pyranoside (2); (3B,5a,6a,22a,25R)-22-methoxy-
furostane-3,6,26-triyl tris-p-p-glucopyranoside;
cantalasaponin-1; polianthoside D; (E)-2,3,4’,5-
tetrahydroxystilbene 2-O-f-p-glucopyranoside;
and (2)-2,3,4',5-tetrahydroxystilbene 2-O-f-D-
glucopyranoside.

The most predominant compounds identified
in the lipophilic extract of A. sisalana fibres
were fatty acids (30 % of total lipids) including
a- and o-hydroxy fatty acids, fatty alcohols
(20 %), free sterols (11 %), alkanes (11 %) and
a series of ferulic acid esters of long-chain
alcohols and w-hydroxy fatty acids (10 %)
(Gutiérrez et al. 2008). Additionally, steroid
hydrocarbons and ketones, monoglycerides,
aldehydes, waxes and sterol glycosides were
also found together with minor amounts of
diglycerides and sterol esters. p-mannitol was
isolated from an ethanol extract from the liquid
residue of Agave sisalana (Branco et al. 2010).
D-mannitol was isolated from an ethanol extract
from the liquid residue of Agave sisalana leaf
waste (Branco et al. 2010). Agave sisalana
juice waste aqueous extract was found to con-
tain saponins, glycosides, phlobatannins, terpe-
noids, tannins, flavonoids and cardiac
glycosides (Ade-Ajayi et al. 2011).

Anticancer Activity

Steroidal sapogenins and saponins—tigogenin (1),
neotigogenin (2), hecogenin (3), neohecogenin
(4), rockogenin (5), cantalasaponin-1 (6), hecogenin
3-0-pB-p-glucopyranosyl-(1 — 2)-[pB-p-xylopyr-
anosyl-(1 — 3)]-p-pb-glucopyranosyl-(1 — 4)-p-p-
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galactopyranoside (7), hecogenin 3-O-a-L-rhamno
pyranosyl-(1 — 3)-p-p-xylopyranosyl-(1 — 2)-
[B-p-xylopyranosyl-(1 — 3)-p-p-glucopyranosyl-
(1 —3)]-p-p-glucopyranosyl-(1 — 4)-p-b-galacto-
pyranoside (8), a furostanol saponin, polian-
thosides E (9) and neotigogenin 3-O-o-L-
rhamnopyranosyl-(1 — 4)-fB-p-lucopyranosyl-
(1 = 2)-[B-p-xylopyranosyl-(1 — 3)-B-p-gluco-
pyranosyl-(1 — 3)]-p-p-glucopyranosyl-(1 — 4)-
B-p-galactopyranoside (10)—were isolated from
A. sisalana (Chen et al. 2011). Compounds 7-10
showed significant cytotoxicity against MCF-7,
NCI-H460 and SF-268 cancer cells compared to
the positive control actinomycin D. Compound 10
was the most cytotoxic with ICs, values of 1.2, 3.8
and 1.5 pM against MCF-7, NCI-H460 and SF-268
cancer cells, respectively.

Immunomodulatory Activity

The following flavonoids from A. sisalana leaves,
(+/-)-3,9-dihydroeucomin (4), dihydrobonducel-
lin (5), and 5,7-dihydroxy-3-(4'-hydroxybenzyl)-
4-chromanone (7), showed inhibitory effects on
human peripheral blood mononuclear cell
(PBMC) proliferation activated by PHA with
ICs, values 19.4, 73.8, and 58.8 uM, respectively
(Chen et al. 2009). All three compounds signifi-
cantly inhibited the production of interleukin
IL-2 and interferon IFN-gamma in activated
PBMC in a concentration-dependent manner.

Gastroprotective Activity

Studies showed that pretreatment of mice with
hecogenin, a steroid saponin isolated from
Agave sisalana, before ethanol or indomethacin
challenge, exhibited significant gastroprotective
effect (Santos Cerqueira et al. 2012). The heco-
genin pretreatment normalized GSH levels and
significantly reduced lipid peroxidation and nitrite
levels in the stomach, as evaluated by the ethanol-
induced gastric lesion model. It was further found
that the gastroprotective effect appeared to be
mediated by K*(ATP) channels opening and the
COX-2/PG pathway.



116

Anthelmintic Activity

In-vitro tests showed sisal juice caused more than
95 % reduction in larval counts of the genus
Haemonchus spp. at concentrations between 86.5
and 146.3 mg/ml (Domingues et al. 2010).
In-vivo sisal juice also reduced larvae of the
fourth (L4) and fifth (L5) stages of Haemonchus,
Oesophagostomum and  Trichostrongylus in
goats. A. sisalana shredded leaf extract showed
in-vitro dose-dependent activity against sheep
and goat gastrointestinal nematodes (Silveira
et al. 2012). The LCs, and LCy;s in the egg hatch
test were 6.90 and 24.79 mg/ml, in the larval
development test were 0.041 and 0.067 mg/ml
and in the larval feeding inhibition test were
0.053 and 0.24 mg/ml. The development and
feeding inhibition on L(1) larva were both 100 %
at a dose of 0.12 mg/ml. In the adult motility test,
there was 100 % inhibition at 75 mg/ml after
24 hours of exposure. The extract of A. sisalana
therefore demonstrated significant action on L(1)
at 0.12 mg/ml. Treatment of goats naturally
infested by gastrointestinal nematodes with aque-
ous extract from sisal waste and levamisole phos-
phate caused a significant reduction in the num-
ber of eggs and infective larvae (L(3)) (Botura
et al. 2011). The maximum reductions of the fae-
cal egg counts were 50.3 and 93.6 % for both
treatments, respectively, whereas the percent
reductions of the total number of L(3) larvae
were 80 % (the extract) and 85.6 % (levamisole
phosphate). There was no difference between
extract-treated and untreated goats with respect
to worm burden, and the percent reductions
were 28.8 and 63.4 % for Oesophagostomum
columbianum and Trichostrongylus colubrifor-
mis, respectively. No reduction was detected for
the Haemonchus contortus.

Studies showed that A. sisalana extracts
exhibited activity in vitro against gastrointestinal
nematodes (eggs and larva) of goats (Botura et al.
2013). The ECs, values for egg hatching inhibi-
tion 4.7, 0.1 and 0.05 mg/ml for EE (ethyl acetate
extract), EA (aqueous extract) and FF (flavonoid
fraction), respectively. The SF (saponin fraction)
showed no ovicidal activity. The percent effica-
cies that were observed for the larval migration
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inhibition were 50.3, 33.2 and 64.1 % for the AE,
EE and SF, respectively. The FF fraction did not
show activity against the larvae.

Antimicrobial Activity

Crude methanol extracts of only Agave sisalana
toothbrush sticks showed antibacterial activity
against Staphylococcus aureus and Bacillus
cereus (Kassu et al. 1999). The extract at concen-
trations up to 500 pg/ml showed weak toxicity to
brine shrimp.

Sisal extract was found to have antibacterial
activity against Escherichia coli and Bacillus
stearothermophilus and is used as an ingredient
in petroleum jelly (Zwane et al. 2010). Crude
methanol and aqueous A. sisalana extract showed
antibacterial activity against the tested bacteria
(Hammuel et al. 2011; Ade-Ajayi et al. 2011).
The methanol extract of sisal juice exerted more
effect on Shigella dysenteriae, Pseudomonas
aeruginosa, Enterococcus faecalis and Candida
albicans and least on Bacillus atrophaeus than
the aqueous extract. The minimum inhibitory
concentration (MIC) of both the methanol and
aqueous extract was between 10 and 20 mg/ml,
and the minimum bactericidal concentration
(MBC) was between 20 and 40 mg/ml for
both extracts. Different results were obtained in
another study wherein the hydroalcoholic extract
obtained from sisal leaves and sisal waste
showed significant inhibition of Candida albi-
cans but was inactive against three strains of
Staphylococcus aureus, two strains of Escherichia
coli, and a strain of Micrococcus luteus, Bacillus
cereus, Pseudomonas aeruginosa and Salmonella
choleraesuis (Santos et al. 2011). The methanol
extract of leaves showed weaker reduction in the
inhibitory action of C. albicans when compared
with the above extracts and was also inert against
the other microorganisms tested.

Ecbolic Activity

Studies by Sharaf and Zahran (1967) found that
A. sisalana juice stimulated intestinal and uterine
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musculature in dogs, mouse and rat; lowered
blood pressure in dogs; and produced abortion in
pregnant mice and rats. The results suggested
Agave juice to be a uterine stimulant, emmena-
gogue, laxative and hypotensive drug.

Larvicidal Activity

Waste residue of sisal leaves was found to have
larvicidal activity (Pizarro et al. 1999). Various
components of the extract were effective in elimi-
nating mosquito larvae; the LCs, values for Aedes
aegypti was 322 and 183 ppm for Culex quinque-
fasciatus. Under field conditions, the formulation
used at 100 ppm caused 100 % mortality of
C. quinquefasciatus larvae after 3—4 days.

Allergy Problem

Sisal processing was found to be associated with
increased risk of immunoglobulin E (IgE) sensiti-
zation (Kayumba et al. 2008). Significantly higher
prevalence of positive skin prick tested (SPTs) to
sisal was found among 74 % of sisal workers com-
pared to 17 % among controls. All exposed work-
ers had elevated IgE levels, and 27 % of tested sera
had elevated sisal specific IgE. A high prevalence
of respiratory symptoms was found in both sensi-
tized and non-sensitized sisal workers. In further
studies, Kayumba et al. (2011) conducted a cross-
sectional study on chronic respiratory symptoms
and lung function among male Tanzanian sisal
processing workers from six sisal estates in 2006.
They found that chronic cough and chest tightness
were experienced by 38 and 68 % of workers in
brushing departments, 20 and 6 % of workers in
decortication, and 7 and 0 % of security workers,
respectively. A reduced FEV(1) [forced expiratory
volume in 1 s]/FVC (forced ventilatory capacity)
ratio related to years of work was found among
workers in brushing departments when adjusting
for age, smoking, previous respiratory illnesses
and body mass index, using regression analyses.
The overall results indicated a relationship
between work in sisal brushing departments and
the development of obstructive lung disorders.
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Traditional Medicinal Uses

In northern Morocco, leaf juice is used as a wash
for skin diseases (El-Hilaly et al. 2003). It is also
used for syphilis, pulmonary tuberculosis, and
jaundice and as a laxative. In Angola, lightly
heated pounded roots are used for intercostal
pain; also pounded plant is used for nephralgia
(Bossard 1996). In Kenya, sap from young leaves
is used as disinfectant, for stomachache, and for
constipation (Kokwaro 1976; Phanuel et al. 2010);
fibres are used as bandage (Njoroge and Bussmann
2007); and roasted leaves are used for burns
(Okello et al. 2010). In Bahamas, salted decoction
of central bud is used for jaundice (Debnath et al.
2010). The plant sap has been used in Central
America as a binding agent for powders used as
poultices for wounds (Chevallier 1996). The plant
is used internally for the treatment of indigestion,
flatulence, constipation, jaundice and dysentery
(Bown 1995). The water used for soaking Agave
fibres is used as scalp disinfectant and tonic for
thinning hair (Lust 1974).

Other Uses

Sisal is a valuable forage for honey bees because
of its long flowering period and is also commonly
planted as an ornamental plant for landscaping
purposes in parks, gardens and homes. In India,
sisal plant is extensively planted as hedges along
railroads. Sisal is also planted as fencing, to mark
field boundaries, and to stabilize soil. The long
and straight inflorescence stalks are used for
house construction, fencing and thatching. A
very hard wax is obtained from the leaf cuticle,
and pectin can be obtained from sisal leaves.
Agave sisalana toothbrush sticks are commonly
used by people who cannot afford to buy the
commercial toothbrush and toothpaste in Ethiopia
(Kassu et al. 1999).

D-mannitol isolated from Agave sisalana is a
compound widely used in the pharmaceutical
industry and is also used as a raw material for
producing several types of polymers (Branco
et al. 2010). The steroidal saponins, tigogenin
and hecogenin, extracted from the waste residues
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after production of sisal fibres from A. sisalana
and A. americana, are important raw materials in
the synthesis of steroid hormones, as starting
materials in the production of corticosteroids
(cortisone, cortisol, prednisolone, prednisone,
dexamethasone, betamethasone, triamcinolone,
etc.) (Escamilla-Treviiio 2012). Utilization of
sisal waste for mushroom growing, animal feed,
and production of biogas had already been dem-
onstrated at pilot scale in Tanzania (Bisanda and
Enock 2003). Several edible mushrooms, notably
Coprinus cinereus, grow in large quantities on
the waste heaps of sisal factories in Tanzania and
provide a year-round source of food (Oyen 2011).

Sisal fibre is one of the four most common
widely used natural fibres, and it accounts for half
of total production of textile fibres (Mukhjee and
Sat 1984). Sisal fibre is used for the manufacture
of ropes for use in the marine industry and agricul-
ture, coarse fabrics, geotextiles, sisal wall cover-
ings, carpets, twines, macramé, nets, upholstery
padding, carpet padding, baskets, mats, blankets,
jewellery, sandals, clothing, mattresses, fish string-
ers, biodegradable storage bags for agricultural
produce, musical instruments, ceremonial objects,
paper pulp, construction materials, cat scratching
posts and dart boards (Usher 1974; Chand et al.
1984; Murkherjee and Satyanarayana 1984; Li
et al. 2000) and as raw material for medium-den-
sity fibreboard production (Gillah et al. 1998).
New applications for sisal fibre is being focused
on the manufacture of flat corrugated roofing pan-
els that are strong and cheap with good fire resis-
tance and natural fibre-reinforced composites
(Chand et al. 1984; Murkherjee and Satyanarayana
1984; Rowell 1992; Joseph et al. 1996; Li et al.
2000; Mu et al. 2009; Barreto et al. 2011). The
matrix used in sisal fibre-reinforced composites
include thermoplastics (polyethylene, polypropyl-
ene, polystyrene, PVC, etc.), thermosets (epoxy,
polyester, etc.), rubber (natural rubber, styrene-
butadiene rubber, etc.), gypsum and cement (Li
et al 2000). Sisal fibre is an effective reinforcement
of polymer, rubber, gypsum and cement matrices.
This has created a range of technological applica-
tions beyond its traditional usage as ropes, carpets,
mats, etc. Research showed that biopolymers and
natural fibres like sisal (A. sisalana) can be used to
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develop biocomposite plate materials that can be
externally coated with calcium phosphate and
hydroxyapatite (hybrid) composite and used for
inside fixation and also external fixation of frac-
tured bones (Chandramohan and Marimuthu
2011). Sisal fibre is also used for making specialty
papers, such as cigarette paper, newsprint, bag
paper, carbon paper, safety and banknote paper,
filter paper, tea bags and biodegradable storage
bags for agricultural produce. Whole leaves and
sisal waste material may also be used as a source
of pulp for papermaking.

Waste material after fibre extraction and boles
remaining at the end of the life cycle of a crop may
serve as animal feed, either directly or after ensi-
lage. Studies showed dried sisal pulp to be a good
feed for sheep, and that their performance improved
increasingly when this was used to replace barley
straw in the diet (Gebremariam and Machin 2008).
Sisal pulp had a crude protein of 7.3 %, crude fibre
of 15.2 % and NFE (nitrogen-free extract) of
59.6 %. The dry matter digestibility was 68.5 %,
and organic matter digestibility was 73.3 %.

Some Agave species including A. sisalana have
a real potential to compete economically with
other bioenergy crops for biofuel production
(Davis et al. 2011; Escamilla-Treviiio 2012).
Being CAM (crassulacean acid metabolism)
plants, they have high water-use efficiency and can
be grown in semiarid areas too dry to grow food
crops, possessing potential for producing biomass
feedstocks in large amounts while minimizing
competition with the food supply. They contain
cellulose and hemicelluloses as the main compo-
nents in the cell wall that can be hydrolyzed to
simple sugars for further fermentation to produce
ethanol or other liquid biofuel. Theoretically, a
crop area alone could provide 6.1 billion 1 of etha-
nol if Agave were re-established as a bioenergy
feedstock without causing indirect land use change
(Davis et al. 2011).

Agave sisalana is also used in veterinary for ani-
mal diseases. In western Kenya, leaf preparations
are used to treat gastrointestinal diseases, (diar-
rhoea, unthriftyness, drooping wings) in poultry
(Okitoi et al. 2007). Juice of fleshy leaves or leaves
and stems fermented in urine is applied on the ani-
mal’s body surface against ticks (Wanzala et al.
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2012). Aqueous extract made from chopped leaves
and stem is applied on the animal’s body surface
while still fresh, or leaves are dried and ground to
flour and applied on the animal’s body surface as
dust. Dried leaves are also used as fumigation against
ticks. In Kivu, Democratic Republic of Congo,
Agave leaves mixed with leaves of other plants are
burn, and the ashes mixed in palm oil is applied to
wounds on animals (Balagizi et al. 2005). In Zambia,
leaves and stalks are pounded and added to drinking
water to control Newcastle disease in poultry (Alders
2001). In Ethiopia, the roots are used to control
blackleg in animals (Giday et al. 2003).

Comments

According to FAO Stat (2012), the leading pro-
ducers (tonnes production) of sisal in 2011 are
Brazil 283,797; Kenya 27,560; Tanzania 24,828;
Mexico 20,113; Madagascar 18,937; and China
14,683.
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Scientific Name

Muscari neglectum Guss ex Ten.

Synonyms

Botryanthus atlanticus (Boiss. & Reut.) Nyman,
Botryanthus  breviscapus Tod., Botryanthus
granatensis (Freyn) Nyman, Botryanthus leliev-
rii var. strangwaysii (Ten.) Nyman, Botryanthus
mandraliscae Lojac., Botryanthus mordoanus
(Heldr.) Nyman, Botryanthus neglectus (Guss. ex
Ten.) Kunth, Botryanthus neglectus var. speciosa
(Marches.) Nyman, Botryanthus odorus Kunth
[lleg.], Botryanthus racemosus (L.) Fourr.,
Botryanthus saulii Jaub. & Spach, Botryanthus spe-
ciosus (Marches.) Nyman, Botryanthus strang-
waysii (Ten.) Kunth, Botryanthus vulgaris var.
strangwaysii (Ten.) Nyman, Etheiranthus
Jjacquinii Kostel Eubotrys odorata Raf. [1lleg.],
Hyacinthus juncifolius Lam. [llleg.], Hyacinthus
neglectus (Guss. ex Ten.) E.H.L. Krause,
Hyacinthus racemosus L., Leopoldia neumayeri
Heldr., Muscari atlanticum Boiss. & Reut.,
Muscari  atlanticum subsp. alpinum (Fiori)
Garbari, Muscari atlanticum var. valentinum Pau,
Muscari bootanense Griff., Muscari bootanensis
Griff., Muscari botryoides var. bucharicum
Regel, Muscari breviscapum (Tod.) N.E.Br.,
Muscari bucharicum Regel, Muscari compactum
Baker, Muscari dolioliforme Sobko, Muscari
elwesii Baker, Muscari flaccidum O. Schwarz,
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Muscari fontqueri Sennen, Muscari granatense
Freyn, Muscari grandifolium Baker, Muscari
grandifolium var. populeum (Braun-Blang. &
Maire) Maire, Muscari grandifolium var. rifanum
Maire, Muscari grossheimii Schchian, Muscari
letourneuxii  Boiss., Muscari leucostomum
Woronow, Muscari macranthum Freyn, Muscari
mordoanum Heldr., Muscari neglectum subsp.
atlanticum (Boiss. & Reut.) O. Bolos & Vigo,
Muscari neglectum var. atlanticum (Boiss. &
Reut.) Maire, Muscari neglectum f. bertramii
Maire, Muscari neglectum var. fontqueri (Sennen)
O. Bolos & Vigo, Muscari neglectum subsp.
odorum O. Bolos & Vigo, Muscari neglectum
subsp. speciosum (Marches.) Garbari, Muscari
neglectum var. valentinum (Pau) O. Bolos &
Vigo, Muscari neumayeri (Heldr.) Boiss.,
Muscari nivale Stapf, Muscari odoratum
Montandon, Muscari populeum Braun-Blanq. &
Maire, Muscari racemosum (L.) Medik. [Illeg.]
Muscari racemosum Lam. & DC., Muscari rac-
emosum var. alpinum Fiori, Muscari racemosum
var. neglectum (Guss. ex Ten.) St.-Lag., Muscari
skorpili Velen., Muscari speciosum Marches.,
Muscari strangwaysii Ten., Muscari szovitsia-
num Rupr. ex Boiss. [Illeg.], Muscari vandasii
Velen., Scilla suaveolens Salisb. [Illeg.]

Family

Asparagaceae, was also placed in Hyacinthaceae,
Liliaceae
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Common/English Names

Blue Bottle, Cipollini, Common Grape Hyacinth,
Edible Muscari, Grape Hyacinth, Hairy Muscari,
Muscari, Musk Hyacinth, Nutmeg Hyacinth,
Southern Grape Hyacinth, Starch Hyacinth,
Tufted Grape Hyacinth

Vernacular Names

Finnish: Terttuhelmililja

French: Muscari A Grappe, Muscari En Grappe,
Muscari Négligé, Muscari Oublié, Ail Des
Chiens

German: Weinbergs-Traubenhyazinthe

Hungarian: Fiirtos Gyongyike

Italian: Lampascione, Muscari Ignorato

Portuguese: Enfuste

Spanish: Agielicos, Ajo De Perro, Azulete,
Cebolla De Lagarto, Cebollica De Milano,
Cebollita De Milano, Chapin De Reina,
Clavos De Dios, Espartillo, Frailes, Gatos,
Guitarrillos, Hierba Del Querer, Hierbas De
Los Amores, Jacinto, Jacinto Racimosa,
Jacinto Racimoso, Jacinto Silvestre, Jacintos,
Lloricas, Macandil, Moras, Moro, Nazareno,
Nazarenos, Nazarones, Pajarillos, Penitents

Turkish: Dag Siimbiilii

Welsh: Clychau Dulas

Origin/Distribution

The species is native to southwestern Asia and
the Mediterranean region.

Agroecology

The species occurs naturally in dry grassland,
foothills, grassy mountain slopes and forests in
its native range. The plant is commonly culti-
vated in lawns, borders, rock gardens and con-
tainers. It prefers well-drained, moderately moist
sandy soil that is acid to neutral and not too rich.
It can be grown in full sun to partial shade and

requires little feeding or watering in the summer;
it flowers in spring. It is frost tolerant, withstanding
temperatures down to —23 °C.

Edible Plant Parts and Uses

The blue flower buds and bulbs of these plants
are featured heavily in Mediterranean cuisine,
particularly in dishes originating from southern
Italy. Muscari flowers have a sweet, nutlike fla-
vour and are used as flavoring, while the bulb
tastes like a slightly bitter onion and garlic
hybrid (Wright 2001; Facciola 1990). The flow-
ers and flower buds can be pickled in vinegar.
The different parts of this plant including the
leaves are edible raw, boiled, grilled or pickled.

Botany

The herbaceous plant grows to 25 cm with
ovoid bulbs 2-3 by 2-2.5 cm covered with dark
brown tunic. Leaves 3-6, linear to lanceolate,
5-35 cm long and 0.25-0.75 cm wide. Scape to
25 cm long. Inflorescence racemose with 20—-40
blue to purplish-blue flowers (Plates 1, 2).
Flowers on 1-5 mm nodding pedicels, sterile
flowers smaller and paler than fertile ones.
Perianth tube 3—7 mm, ovoid to oblong-urceo-
late or cylindric, teeth white, stamens biseriate
at middle of tube. Capsule 5-9x8-10 mm,
broadly ovate to orbicular, tip rounded or
shortly emarginated.

Plate 1 Grape hyacinth plant
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Plate 2 Grape-like flowers in a racemose inflorescence

Nutritive/Medicinal Properties

From the bulbs of Muscari neglectum, a scillas-
cillinoid homoisoflavanone was isolated and elu-
cidated as 2’,5-dihydroxy-4',7-dimethoxyspirol
[2H-1-benzopyran-3(4H),7’-bicyclo[4.2.0]
octa[1,3,5]-trien]-4-one (Barone et al. 1988).
Also isolated were scillascillin and four known
3-benzyl-4-chromanones including 4’-demethyl-
3,9-dihydropunctatin; 5,7-dimethoxy-3(4-methoxy-
benzyl)chroman-4-one. From the bulbs, two
3-benzylidene-4-chromanones were isolated, namely,
5,7-dihydroxy-6-methoxy-3-(3,4-duhydroxy-
benzylidene)chromane-4-one and 7-hydroxy-5-
methoxy-3-(3,4-dihydroxybenzylidene)
chromane-4-one together with known homoiso-
flavanone (Masterova et al. 1991). Uracil and
succinic acid were isolated from the aerial parts.

Homoisoflavonoid compounds had been
reported to exhibit antiinflammatory, estrogenic,
antiestrogenic, anticancer and angioprotective
bioactivities (Jiang et al. 2007).

The homoisoflavonoids from Muscari race-
mosum were found to have antioxidative
property (Jurdnek et al. 1993). The extract of
the bulb rich in 3-benzylidene-4-chromanones
(homoisoflavonoids) was found to have
antimutagenic and anticlastogenic properties
using the Ames assay on four bacterial strains
Salmonella typhimurium TA97, TA98, TA100,
TA102, in the toxicity and mutagenicity/
antimutagenicity assay on the yeast strain
Saccharomyces cerevisiae D7, and in the simul-
taneous phytotoxicity and clastogenicity/
anticlastogenicity assay on Vicia sativa (Miad-
okova et al. 2002). The homoisoflavonoid
fraction obtained from the Muscari racemosum
bulb ether extract (MRBEE) exhibited a dose-
dependent estrogenic activity by inducing
proliferation of MCF7 cells (Urbancikova
et al. 2002). In the presence of estradiol,
MRBEE exhibited a dose-dependent antiestro-
genic activity.

Other Uses

The plant is planted as ornamental in borders,
containers and rock gardens and flowers pro-
fusely in spring.

Comments

The plant is propagated from seeds, small or
large bulbs or by division of offsets.
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Polianthes tuberosa

Scientific Name

Polianthes tuberosa L.

Synonyms

Agave polianthes (L.) Thiede & Eggli, Agave
tuberosa (L.) Thiede & Eggli nom. illeg., Crinum
angustifolium Houtt., Polianthes gracilis Link,
Polianthes tuberosa var. gracilis (Link) Beurl.,
Polianthes tuberosa f. plena Moldenke, Tuberosa
amica Medik.

Family

Asparagaceae,
Amaryllidaceae

also placed in Agavaceae,

Common/English Name

Tuberose

Vernacular Names

Chinese: Wan Xiangyu, Ye Lai Xiang, Yue Xia
Xiang

Cuba: Azucena, Guacamaya

Czech: Tuberdza

Danish: Tuberose

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers,

Esperanto: Tuberozo

Estonian: Mugul-Siradis

French: Jacinthe Des Indes, Tubéreuse
German: Nachthyazinthe, Tuberose
Hungarian: Tubarézsa

India: Nelasampenga (Andhra  Pradesh),
Rajanigandha, Rajoni-Gandha (Bengali),

Galshabbo, Gulchari, Rajnigandha (Hindi),
Sugandharaja,  Sukandaraji =~ (Kannada),
Kundalei Angouba (Manipuri), Gulcheri,
Nishigandha (Marathi), Nilasambangi, Nila
Sampangi, Sambangi (Tamil), Nelasampengi,
Sukandaraji (Telugu), Gul Shabbo (Urdu)

Indonesia: Sundel Malem (Javanese), Sundel
Malem, Sedep Malem (Sundanese)

Iran: Gole Maryam

Italian: Tuberosa

Malaysia: Harum Sundal Malam, Kerak Nasi,
Sandaramlam, Sedap Malam, Siku Dangan,
Siku Dengan, Sundal Malam

Mexico: Omixochitl (Aztecs), Amiga De
Noche, Amole, Azucena, Nardo, Tuberosa
(Spanish)

Philippines: Nador (Cebu Bisaya), Azucena,
Baston De San Jose (Tagalog)

Polish: Tuberoza Wonna

Slovascina: Tuberoza

Spanish: Nardo, Nardo Com, Tuberose, Vara De
Nardo

Swedish: Tuberos

Thai: Dtdn Dok Lee-Laa, Dton Dok Ruang Kaao,
Dton S6n Chdo, Dton Son Glin, Dton Son
Glin Tai
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Origin/Distribution

It is indigenous to Central and southern Mexico.
The plant was distributed all over the world as an
ornamental and is grown in tropical, subtropical
and subtemperate areas. Kenya and Egypt are the
leading producers of tuberose for the export
market.

Agroecology

Tuberose grows best in mild climate without
extremes of high or low temperatures. It thrives
in warm humid areas with mean temperatures of
20-32 °C. It is sensitive to low temperatures and
frost. High temperatures close to 40 °C reduces
flower spike length and quality. Tuberose prefers
a sunny position. Although it can grow in a wide
range of soils including saline and alkaline soils,
it prefers well-drained and aerated sandy loams
rich in organic matter with pH of 6-7.5. It
requires copious watering during the growth
stage. The plant can also be grown in pots and in
greenhouses in temperate areas.

Edible Plant Parts and Uses

The flowers are eaten as vegetables (Burkill
1966; Uphof 1968; Tanaka 1976; Kunkel 1984;
Facciola 1990; Roberts 2000). In Java, the
Chinese cook the flowers in a kind of soup. The
cooked flowers are also added to the substrate of
‘kecap’, an Indonesian soy sauce. Fragrant flow-
ers are added along with other ingredients to the
favourite beverage prepared from chocolate and
served either hot or cold as desired. The flowers
are the source of tuberosa-flower water.

Botany

Tuberose is a hardy perennial, erect herb,
45-70 cm high with tuberose rootstock and shal-
low adventitious roots and a short stem. It has
elongated linear, bright green leaves clustered at

the base of the plant (Plate 1) and smaller clasp-
ing leaves along the stem. The flowers in a long
(up to 45 cm), simple, unbranched terminal rac-
emous spike with 4-6, waxy, fragrant white flow-
ers borne in pairs (Plate 2). The perianth is tubular
or funnel-shaped with short subequal, curved
oblong-lanceolate tepals, 10-15 mm long.
Stamens 6 with filaments adnate to the upper part

Plate 2 Unbranched terminal spike with white flowers
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of the perianth tube, anthers dorsifixed. Ovary
3-loculed with numerous ovules, stigmas 3 ovate.
Fruit a capsule.

Besides the normal ‘single-tepal’ flower,
‘double-tepal’ tuberose flowers have been
developed in white and various colours such as
reddish purple, pale purple, pale red, reddish
pink, yellow and orange (Huang et al. 2001a, b)
and also tuberose with variegated yellow-striped
leaves.

Nutritive/Medicinal Properties

Polianthes tuberosa tuber was found to contain
lycorine, an alkaloid that causes vomiting (Gorter
1919). A glucofructosan (Srinivasan and Bhatia
1954), transfructosidase (Bhatia and Srinivasan
1954) and sucrose (Wali and Hasan 1965) were
found in the plant. Chandravadana et al. (1995)
found indole in the absolute from various variet-
ies and hybrids, varying in contents ranging from
0.36 to 2.15 %. Several steroid sapogenins, such
as hecogenin, 9-dehydroxyhecogenin and tigo-
genin (Zhou et al. 1965), as well as glycosides,
29-hydroxystigmast-5-en-33-yl ~ p-p-glucoside
(Rashid et al. 1999), (225)-2p,3f,22-trihydro-
xycholest-5-en-168-yl p-p-glucoside (Firdous
et al. 1999b) and diribofuranosylethyleneglycol
(Firdous et al. 1999a) and spirostanol pentagly-
cosides (Mimaki et al. 2002) were identified from
the underground parts of P. tuberosa. Four new
spirostanol saponins with five monosaccharides
(1-4) were isolated from P. tuberosa underground
parts (Mimaki et al. 2002). Three glycosides and
a long-chain alcohol were isolated from the bulbs
of Polianthes tuberosa; these were identified as
3,29-dihydroxystigmast-5-ene-3-0-p-p-
galactopyranoside (1), ethyl -p-galactopyranoside
(2), ethyl-a-p-galactopyranoside (3) and 1-trico-
sanol (4) (Khan et al. 2002). None of the com-
pounds showed any significant cytotoxicity,
antibacterial and antifungal activities.

A bisdesmosidic cholestane glycoside (1) and
three new spirostanol saponins (2—4), along with
a known cholestane glycoside, were isolated
from the aerial parts of Polianthes tuberosa
(Mimaki et al. 2000).

Asparagaceae

A new cholestane glycoside, (225)-cholest-
5-en-1B,3p3,160,22,25-pentaol  1-O-B-p-GLUCO-
PYRANOSYL-16-O-p-p-apiofuranoside which was
named tuberoside A, together with two known
cholestane glycosides were isolated from the
tubers of Polianthes tuberosa (Jin et al. 2003a).
The two known cholestane glycoside 1 and 2
were identified as (225)-cholest-5-en-1B, 3B, 16
B, 22-tetraol 1-O-B-p-glucopyranosyl-16-O-B-
p-apiofuranoside (Mimaki et al. 2000) and (225)-
cholest-5-en-1B, 3B, 16 B, 22-tetraol 3, 16-di-O-
B-p-glucopyronoside (Mimaki et al. 1995),
respectively.

Six new steroid glycosides comprising two
spirostanols, polianthosides B and C (1, 2) and
four furostanols, polianthosides D-G (3-6)
together with eight known saponins (7-14), were
isolated from the fresh tubers of P. tuberosa (Jin
et al. 2004). Polianthoside B (1) was character-
ised as tigogenin 3-O-p-p-xylopyranosyl-(1 — 3)-
B-p-glucopyranosyl-(1 — 2)-[f-p-glucopyranosy-
(1 - 3)]-p-p-glucopyranosyl-(1 — 4)-pB-b-
galactopyranoside and polianthoside C (2) as
tigogenin 3-O-f-p-glucopyranosyl-(1 — 3)-B-p-
glucopyranosyl-(1 — 2)-[B-p-glucopyranosyl-
(1 - 3)]-p-d-glucopyranosyl-(1 — 4)-p-p-galacto
pyranoside. Polianthoside D (3) was elucidated
as  26-0-p-p-glucopyranosyl-(25R)-5R-furost-
3B,22R,-26-triol-12-one 3-O-p-pD-glucopyranosyl-
(1 = 2)-[B-p-xylopyranosyl-(1 — 3)]-B-b-
glucopyranosyl-(1 — 4)-p-p-galactopyranoside.
Polianthoside E (4) was elucidated as 26-O-f-p-
glucopyranosyl-(25R)-5R-furost-3p,22R,-26-
triol-12-one3-O-p-p-xylopyranosyl-(1 — 3)-p-p-
glucopyranosyl-(1 — 2)-[pB-p-xylopyranosyl-
(1 - 3)]-p-p-glucopyranosyl-(1 — 4)-p-b-
galactopyranoside. Polianthoside F (5) was deduced
to be as 26-0-B-p-glucopyranosyl-(25R)-5R-
furost-38,22R,-26-triol 3-O-B-p-xylopyranosyl-
(1 - 3)-p-d-glucopyranosyl-(1 — 2)-[B-p-
xylopyranosyl-(1 — 3)]-p-p-glucopyranosyl-(1 — 4)-
-p-galactopyranoside and polianthoside G (6)
deduced to be 26-O-p-p-glucopyranosyl-(25R)-5R-
furost-3p,22R,-26-triol  3-O-p-pD-xylopyranosyl-
(1 - 3)-p-p-glucopyranosyl-(1 — 2)-[B-p-glucopy-
ranosyl-(1 — 3)]-p-p-glucopyranosyl-(1 — 4)-
B-p-galactopyranoside. The eight known steroid
saponins were identified as hecogenin 3-O-f-p-
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glucopyranosyl-(1 — 2)-p-p-glucopyranosyl-
(1 — 4)-p-p-galactopyranoside (7) (Xu et al.
2000),hecogenin3-0-B-p-glucopyranosyl-(1 — 2)-
[B-p-xyloyranosyl-(1 — 3)]-p-p-glucopyranosyl-
(1 — 4)-p-p-galactopyranoside (8) (Mimaki
et al. 1995), hecogenin 3-O-p-p-xyloyranosyl-
(1 = 3)-p-p-glucopyranosyl-(1 — 2)-[B-p-xylo
yranosyl-(1 — 3)]-p-p-glucopyranosyl-(1 — 4)-
f-p-galactopyranoside (9) (Mimaki et al. 2000),
agamenoside F (10) (Jin et al. 2003b), tigogenin
3-0-p-p-glucopyranosyl-(1 — 2)-[B-p-xyloyranosyl-
(1 - 3)]-p-p-glucopyranosyl-(1 — 4)-p-b-
galactopyranoside (11) (Wang et al. 1996),
tigogenin 3-0-B-p-xyloyranosyl-(1 — 3)-p-b-
glucopyranosyl-(1 - 2)-[B-p-xyloyranosyl-
(1 = 3)]-B-p-glucopyranosyl-(1 — 4)-p-pb-
galactopyranoside (12) (Mimaki et al. 2000),
chlorogenin 3-O-B-p-xyloyranosyl-(1 — 3)-p-b-
glucopyranosyl-(1 — 2)-[p-p-xyloyranosyl-
(1 - 3)]-B-p-glucopyranosyl-(1 — 4)-p-b-
galactopyranoside (13) (Mimaki et al. 2000) and
26-0-B-p-glucopyranosyl-(25R)-5R-furost-
3B,22R,-26-triol 3-O-B-p-glucopyranosyl-(1 — 2)-
[B-p-xylopyranosyl-(1 — 3)]-p-p-gluco
pyranosyl-(1 — 4)-p-p-galactopyranoside (uttro-
side B) (14) (Sharma et al. 1983), respectively.

Six unsaturated y-lactones, (Z)-5-octen-4-olide
(1), (Z)-5-decen-4-olide (2), (Z)-6-nonen-4-olide
(3), (Z)-6-dodecen-4-olide (4), (Z, Z)-6,9-
dodecadien-4-olide (5) and tuberolide (6), were
identified in tuberose absolute (from Polianthes
tuberosa) (Maurer and Hauser 1982).

Seventeen volatile components were identi-
fied from P. tuberosa; the major components
were benzyl benzoate (16.76 %), trans-methyl
isoeugenol (15.3 %) and ethyl myristate (14.0 %)
(Wahba et al. 1998). The presence of the
N-containing compound methyl anthranilate,
constituting 7.1 %, was confirmed. Volatiles of
Polianthes tuberosa showed no significant
increase in blood glucose, blood urea nitrogen,
serum glutamic-oxalacetic transaminase (SGOT)
and serum glutamic pyruvic transaminase
(SGPT) when applied to the skin of rabbits indi-
cating that it had no subacute dermal toxicity.

Percentage yields of tuberose oil from cold
enfleurage, hot enfleurage, hexane and petro-
leum ether extractions of double-flower variety
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of tuberose (Polianthes tuberosa) were 0.3137,
6.5808, 0.0279, and 0.0182 %, respectively
(Rakthaworn et al. 2009). The main chemical
component detected in both enfleurage abso-
lutes was methyl benzoate, while benzyl benzo-
ate and pentacosane were found to be the main
chemical components in hexane and petroleum
ether absolutes, respectively. Ten compounds
were detected in cold enfleurage absolute with
the major components being methyl benzoate
(30.17 %), benzyl benzoate (23.64 %), 7-decen-
5-olide (13.33 %) and methyl salicylate
(12.11 %). Other compounds included (E)-
methyl isoeugenol (8.83 %), methyl anthranilate
(445 %), (Z)-p-farnesene (2.43 %), methyl
eugenol (1.80 %), indole (1.78 %) and (E)-citral
(1.47 %). Ten chemical constituents were also
detected in the hot enfleurage absolute, with
methyl benzoate being the main component
again, but with a higher percentage yield
(44.85 %) followed by (Z)-3-hexenyl 2-oxopro-
panoate (27.38 %) as major components. Other
components  included methyl salicylate
(7.18 %), 1-tetradecene (4.15 %), benzyl benzo-
ate (3.75 %), (Z)-nerolidol (3.35 %), 1-hexadec-
ene (3.39 %), 2,4-decadien-1-al (2.91 %),
(E)-methyl isoeugenol (1.78 %) and 2-hep-
tadecanone (1.26 %). Fourteen chemicals were
detected in the tuberose hexane absolute
with benzyl benzoate (24.25 %), pentacosane
(19.23 %) and 7-decen-5-olide (14.96 %) as
the major components. Others included
1-hexadecene (8.85 %), 2,4,-di-tert-butylphenol
(8.36 %), eicosanol (4.96 %), heptacosane
(4.60 %), (Z)-3-hexenyl 2-oxopropanoate
(3.70 %), tricosane (2.47 %), methyl isoeugenol
(2.32 %), a-farnesol (1.94 %), (E)-methyl isoeu-
genol (1.89 %), benzyl salicylate (1.39 %) and
methyl eugenol (1.07 %). There were 14 chemi-
cals identified in the petroleum ether absolute.
The main components were pentacosane
(29.44 %), 7-decen-5-olide (18.13 %) and hep-
tacosane (12.53 %). Others included benzyl
benzoate (10.28 %), (E)-methyl isoeugenol
(6.05 %), methyl isoeugenol (4.85 %), methyl
anthranilate (4.15 %), alpha-farnesol (4.06 %),
tricosane (3.65 %), methyl eugenol (1.89 %),
I-hexadecene (1.69 %), benzyl salicylate



130

(1.34 %), 1-tetradecene (0.98 %) and (Z)-methyl
isoeugenol (0.96 %). Petroleum ether extracted
more wax, for example, pentacosane and hepta-
cosane, from plant cells than hexane.

Coloured varieties of P. tuberosa and its
hybrids with P. howardii were found to contain
anthocyanins and carotenoids in their petals
(Huang et al. 2001a, b). White-flowered varieties
contained no anthocyanin. The main anthocyani-
din in the petals of coloured flowers was cyani-
din, and some hybrids also contained delphinidin.
Reddish purple or pale purple flower hybrids
contained delphinidin glycoside with cyanidin
glycoside, whereas only cyanidin glycosides
were contained in the flowers of orange, pale red
and reddish pink.

Soaking or spraying tuberose bulbs in solu-
tions of bioregulators such as spermidine and
ATP increases the contents of indoles, phenols,
carotenoids, carbohydrate, essential oil and phy-
tohormones (endogenous gibberellin (GA3),
total cytokinins and abscisic acid (ABA)) of the
tuberose plants (Lobna and Rawia 2011).
Bioregulator treatment (100 ppm) augmented
plants bulblets and flowering characteristics
(number of bulblets, fresh and dry weights of
bulblets, number of days to flowering, number of
florets/spike, spike length, length of rachis and
fresh and dry weights of spike).

A lactone-designated tuberolactone was
isolated from tuberose leaves (Kaiser and
Lamparsky 1976). Three flavonoid compounds
isolated from the leaves of P. tuberosa were
kaempferol,  kaempferol-3-O-xyloside  and
kaempferol-3-4'-O-dixyloside (El-Moghazy
etal. 1980). Rammamurthy et al. (2010) isolated
9,11dehydrohecogenin  3-O-glucose  xylose
galactoside, kaempferol-3-O-xyloside, «-D-
glucoside and polianthosides B and C from P.
tuberosa leaves.

Antimicrobial Activity
Both Gram-positive and Gram-negative bacteria

were found susceptible to P. tuberosa flower
essential oil (Lodhia et al. 2009).

Asparagaceae

Anticancer Activity

Four new spirostanol saponins isolated from
tubers exhibited cytotoxic activities against
HL-60 human promyelocytic leukaemia cells
and HSC-2 human oral squamous cell carci-
noma cells (Mimaki et al. 2002). Six new
steroid glycosides comprising two spirosta-
nols, polianthosides B and C (1, 2) and four
furostanols, polianthosides D-G (3-6) together
with eight known saponins (7-14), were iso-
lated from the fresh tubers of P. tuberosa (Jin
et al. 2004). Cytotoxicity activity of the iso-
lated compounds against HeLa cells in terms
of ICs, values were polianthoside B >20 pg/ml,
polianthoside C >20 pg/ml, furostanol
polianthoside D 7.86 pg/ml, furostanol
polianthoside E 5.21 pg/ml, furostanol polian-
thoside F 20 pg/ml, furostanol polianthoside G
5.36 pg/ml, furostanol polianthoside H 8.61 pg/
ml, saponin 9 8.17 pg/ml, saponin 10 4.02 pg/
ml, saponin 11 3.54 pg/ml, saponin 12 7.20 pg/
ml, saponin 13 7.50 pg/ml, saponin 14
18.83 pg/ml and cisplatin 0.75 pg/ml. It was
observed that most of the saponins (3, 4
and 7-10) with a carbonyl group at C-12 of
the aglycone showed stronger cytotoxicities
(ICsy 4.02-8.61 pg/ml) against HelLa cells
than saponins 1, 2, 5 and 14, with no car-
bonyl group attached at the aglycone
(ICs50>18.83 pg/ml).

Molluscidal Activity

Powder of Polianthes tuberosa bulb and its sapo-
genins tigogenin and hecogenin caused a signifi-
cant reduction in fecundity, hatchability and
survival of young snails of Lymnaea acuminata
(Singh et al. 1999). Exposure to sublethal con-
centration caused a small but significant reduc-
tion in protein, amino acids, nucleic acids and
phosphatase activities in gonadal tissue of treated
snails. Withdrawal after 7 days indicated that the
effect of powder of P. tuberosa bulb, tigogenin
and hecogenin on the reproduction and different
biochemical parameters was reversible.
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Immunosuppressive Activity

An acidic polysaccharide (ANK-102) produced
by P. tuberosa cells in liquid culture was found to
deteriorate resistance of mice to lethal infection
of Listeria monocytogenes (Majima et al. 1995).
Pretreatment with ANK-102 resulted in the accu-
mulation of Mac 1 and Mac 2 positive cells in the
peritoneal cavity of the infected animals and the
reduction of Thyl.2 expression on the surface of
the thymocytes.

Larvicidal and Deterrence Activity

Both crude and chloroform—methanol (1:1, v/v)
extract of fresh mature P. tuberosa buds showed lar-
vicidal activity against Culex quinquefasciatus
(Rawani et al. 2012). The chloroform—methanol
extract also showed biting deterrence activity against
Anopheles stephensi and Culex quinquefasciatus.

Traditional Medicinal Uses

Tuberose has been reported to be used in tradi-
tional folk medicine (Burkill 1966; Perry 1980;
Chopra et al. 1986; CSIR 1969; Jin et al. 2004;
Kuppast et al. 2006; Stuart 2012).

In Chinese folk medicine, the tubers are used for
the treatment of acute infectious diseases and pyro-
genic inflammations, burns and swellings. The
tubers are also considered emetic antispasmodic
and diuretic. The tubers are dried, powdered and
used as a remedy for gonorrhoea and used with tur-
meric for curing rashes in infants and wound heal-
ing in India and also used to treat malaria. Poultice
of the tubers are used as maturative in the forma-
tion of pus in boils or abscesses. In aromatherapy,
the warm and seductive scent of the tuberose oil is
useful as a hypnotic for women suffering from
insomnia and depressed with low sexual drive.

Other Uses

Tuberose is gaining in popularity and importance
as an ornamental in Asia. Besides the normal
‘single-tepal’ flower, tuberose is available as
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‘double-tepal’ tuberose flowers and in various
colours such as reddish purple, pale purple, pale
red, reddish pink, yellow and orange (Huang
et al. 2001a, b) and tuberose with variegated
yellow-striped leaves.

Tuberose flowers are the source of the high-
grade tuberose oil which remains today as one of
the most expensive of the perfumer’s raw mate-
rial. Flowers are used for artistic garlands, leis,
floral ornaments, bouquets and buttonholes. The
long fragrant flower spikes are excellent as cut
flowers for table decoration with a long vase-life.
In Malaysia, Chinese ladies make chaplets of the
flowers for binding the hair. Tuberose flowers
were considered a funeral flower in Victorian
times. The Chinese used the cut flowers on the
altars for religious and ancestral worships.

Tuberose absolute (100 % tuberose oil)
showed only mild fungicidal activity at a con-
centration of 500 mg/l against Colletotrichum
gloeosporioides (Nidiry and Babu 2005).
However, three constituents present in the abso-
lute, namely, geraniol, indole and methyl anthra-
nilate, exhibited significant activity showing
total inhibition of the mycelial growth at this
concentration.

Comments

The quality and vase-life of tuberose flowers
were improved greatly by harvesting at tight bud
stage and pulsing cut flower stems in silver
nitrate (AgNQO;), silver thiosulfate (STS) chemi-
cals or a solution containing sucrose (Bakhsh
et al. 1999).
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Yucca filamentosa

Scientific Name

Yucca filamentosa L.

Synonyms

Yucca filamentosa var. bracteata Engelm., Yucca
filamentosa var. elmensis Sprenger, Yucca fila-
mentosa var. laevigata Engelm., Yucca filamen-
tosa var. maxima Baker, Yucca filamentosa var.
media Carriere, Yucca filamentosa var. mexicana
S.Schauer, Yucca filamentosa var. nobilis
Sprenger, Yucca filamentosa var. patens Carriere,
Yucca filamentosa var. recurvifolia Alph.Wood,
Yucca filamentosa var. variegata Carriere

Eastonian: Kiuline Taikliilia

French: Yucca

German: Fidige Palmlilie, Yucca

Hungarian: Kerti Jukka, Pdlmaliliom

Norwegian: Plamelilje, Yucca

Polish: Juka Karolinska; Jukka Karoliriska;
Jukka Nitkowata; Jukka Ogrodowa

Spanish: Yuca

Swedish: Fiberpalmlilja

Origin/Distribution

The plant is a native of southeastern N. America
to Mexico. It has been introduced and become
naturalized in Europe.

Family

Asparagaceae

Common/English Names

Adam’s Needle, Adam’s Needle Yucca, Beargrass,
Common Yucca, Filament Yucca, Silkgrass,
Spoonleaf Yucca, Desert Candle, Needle Palm

Vernacular Names

Czech: Juka Vldknita
Danish: Palmelilje, Treevlet Palmelilje

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers,

Agroecology

In its native range, it occurs in sand dunes, waste
ground and pine forests along the coastal plain. The
plant thrives in sandy to sandy loam soils in full sun
and is very drought tolerant and do well in outdoor
container even without supplementary irrigation.

Edible Plant Parts and Uses

Flowers are eaten fresh and raw, cooked or dried,
crushed and used as flavouring (Kunkel 1984; Bird
1990; McPherson 2007). Flowers can be added to
salad (Facciola 1990). Some common recipes
include yucca flower soup, stuffed yucca flowers
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and apple crumble pie (Roberts 2000). Another
recipe is braised yucca flowers with peas (Belsinger
1990). Flowering stem is cooked and used like
asparagus (Bird 1990). The fruits are eaten raw or
cooked (Uphof 1968; Usher 1974; Facciola 1990).
The fruit is often dried for winter use.

Botany

An acaulescent herbaceous perennial 1-4 m high
(Plate 1). Leaves basal, strap-like, 2—4 cm wide
and 0.6—1 m long, all originating from a point in
the form of a rosette. Leaf lamina occasionally
erect, proximal leaves often becoming reflexed
near middle, lanceolate, flattened, abruptly nar-
rowed and furrowed to apex, thin, widest near
middle, usually soft and limp, scabrous, margins
entire, long and curling, filiferous (producing
threads) (Plate 2). The inflorescence paniculate,
showy and borne on an erect scape 1-3 m high
(Plates 1 and 3). Flowers up to two dozen, pendent,

Plate 1 Yucca plant with 1-3 m long flowering scape

perianth globose; tepals distinct, creamy-white
to nearly white, ovate, 5-7x2-3 cm, glabrous
with short-acuminate apex; filaments shorter than
pistil; pistil 1.5-3.8 cm with lobed stigmas
(Plates 3, 4 and 5). Fruits erect, capsular, dehis-
cent, oblong, 3.8-5 by 2 cm. Seeds dull black,
thin, 6 mm across.

Plate 3 Flowering spike with paniculate branching
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Plate 4 Pendant flowers with creamy-white tepals

Plate 5 Close view of flowers

Nutritive/Medicinal Properties

The roots of Yucca filamentosa were found to
contain steroid saponins, steroid glycosides
(Chernoff et al. 1917; Wells 1935; Kintya et al.
1972; Lazur’evskii et al. 1975; Dragalin and
Kintya 1975) and inulin (Wells 1935). Chernoff
et al. (1917) isolated a saponin CyyH4yO,4 from

the rootstock of Y. filamentosa which on hydrolysis
yielded a sapogenin. From the roots and leaves of
Yucca filamentosa, steroidal saponins sarsapoge-
nin, hecogenin, tigogenin and chlorogenin and
glycosides were isolated (Kintya et al. 1972).
Glycoside A was identified as trillin, and glyco-
side B designated as yuccoside B. Two new sapo-
nins, yuccoside C and protoyuccoside C, were
isolated from the methanolic extract of Yucca fil-
amentosa root (Dragalin and Kintya 1975). The
structure of yuccoside C was elucidated as
3-O-[a-p-galactopyranosyl-(1 — 2)-B-p-
glucopyranosyl-(1 — 4)-p-p-glucopyranosyl]-
(2585)-5p-spirostan-33-ol, whereas protoyuccoside
C was 3-O-[a-D-galactopyranosyl-(1 — 2)-p-p-
glucopyranosyl-(1 - 4)-B-p-glucopyranosyl]-
26-0-[p-p-glucopyranosy]-(25S)-5p-furostan-3f3,
22a,26-triol. A new sarsasapogenin glycoside,
yuccoside E was isolated from the roots and elu-
cidatedas3-O-{[O-a-p-galactopyranosyl(1 — 2)]-
[-O-B-p-galactopyranosyl (1 — 6)]-O-B-b-
glucopyranosyl-(1 — 4)-pB-p-glucopyranosyl }-
(255),5B-spirostan-3f-ol (Dragalin et al. 1975).

A new gitogenin-based steroidal saponin with
a strong leishmanicidal activity was isolated by
bioactivity-guided fractionation of the ethanolic
extract of Yucca filamentosa leaves (Plock et al.
2001). The saponin was characterized as 3-O-
((B-p-glucopyranosyl-(1 — 3)-p-p-glucopyranosy-
(I = 2))(a-L-rhamnopyranosyl-(1 — 4)-B-p-
glucopyranosyl-(1 - 3))-B-p-glucopy-
ranosyl-(1 — 4)-p-p-galactopyranosyl)-25R,5a-
spirostan-2a,3f-diol.

Twenty-one volatile scent compounds were
identified in the floral headspace of Yucca fila-
mentosa (Svensson et al. 2005). Most of the
compounds could be categorized into two major
classes: (1) homoterpenes derived from the ses-
quiterpene alcohol nerolidol and (2) long-chain
aliphatic n-alkenes and alkanes with 15-19 car-
bons. The homoterpene E-4,8-dimethylnona-
1,3,7-triene was produced in highest relative
amounts in all populations (14.2-82.5 %), fol-
lowed by a C,; alcohol (2.5-31.6 %) and
1-heptadecene (3.4-27.1 %). The remaining
compounds typically comprised <10 % of the
total sample. Two compounds were identified
as di-oxygenated compounds with unknown
structures.
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Traditional Medicinal Uses

The genus Yucca (including Y. filamentosa) plant
extracts were used to soothe joint pain, bleeding,
urethral and prostate inflammations (Patel 2012).
The leaves were brewed for common ailments as
psoriasis, dandruff, hair loss and skin sores. Navajo
Indians used it on sunburns and scratches. In
northern New Mexico, traditional healers used a
tea from the leaves and roots to treat asthma and
headache. The Catawba, Cherokee, Nanticoke and
other Native American tribes
filamentosa as medicines and soap. The roots were
crushed to make poultice for wound healing and
were used to cure gonorrhoea and rheumatism.

used Yucca

Other Uses

Y. filamentosa is excellent ornamental in rock
gardens and as an accent among other perennials
in natural areas and in mixed borders. It com-
bines well with Agaves, grasses, cactus and
palms to create low-maintenance xeriscapes of
interesting textures and forms.

The leaves are used as paint brushes (Balls
1962). A fibre obtained from the leaves is used
for making ropes, cloth, baskets and mats (Uphof
1968; Usher 1974) The fibre can also be used for
making cream paper (Bell 1988). The roots are
rich in saponins and can be used as a soap substi-
tute for washing the hair, body and clothing
(Uphof 1968; Usher 1974).

Comments

The plant is propagated by seeds, root cuttings
and offshoots. Botanists report that Yucca fila-
mentosa and Y. flaccida are very closely related
and perhaps are not distinct species.
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Scientific Name

Achillea millefolium L.

Synonyms

Achillea albida Willd., Achillea alpicola (Rydb.)
Rydb. (illeg.), Achillea ambigua Boiss., Achillea
ambigua Pollini, Achillea anethifolia Fisch. ex
Herder, Achillea angustissima Rydb., Achillea
arenicola A.Heller, Achillea bicolor Wender.,
Achillea borealis var. arenicola J.T.Howell,
Achillea borealis subsp. arenicola (A.Heller)
D.D.Keck, Achillea borealis subsp. californica
(Pollard) D.D.Keck, Achillea borealis var. cali-
fornica (Pollard) J.T. Howell, Achillea borealis f.
fusca (Rydb.) Hultén, Achillea californica
Pollard, Achillea ceretanica Sennen, Achillea
compacta Lam., Achillea coronopifolia Willd.,
Achillea crassifolia Colla, Achillea cristata Hort.
ex DC., Achillea cuspidata Wall.(inval.), Achillea
dentifera Rchb., Achillea eradiata Piper, Achillea
fusca Rydb., Achillea gigantea Pollard, Achillea
gracilis Raf., Achillea haenkeana Tausch,
Achillea intermedia Schleich., Achillea lanata
Lam., Achillea lanulosa Nutt., Achillea lanulosa
subsp. alpicola (Rydb.) D.D.Keck, Achillea lanu-
losa var. alpicola (Rydb.) Rydb., Achillea lanu-
losa var. arachnoidea Lunell, Achillea lanulosa
var. eradiata (Piper) M.Peck, Achillea lanulosa
subsp. megacephala (Raup) Argus, Achillea lanu-
losa f. peroutkyi F.Seym., Achillea lanulosa
f. rubicunda Farw., Achillea laxiflora A.Nelson,

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers,

Achillea laxiflora Pollard & Cockerell, Achillea
magna All. (illeg.), Achillea magna L. Achillea
magna Haenke (illeg.), Achillea marginata Turcz.
ex Ledeb., Achillea megacephala Raup, Achillea
millefolilium E.Mey., Achillea millefolium f. albi-
flora Dabrowska, Achillea millefolium var. alpic-
ola (Rydb.) Garrett, Achillea millefolium var.
arenicola (A.Heller) Nobs, Achillea millefolium
var. arenicola (A.Heller) Ferris, Achillea millefo-
lium var. asplenifolia (Vent.) Farw., Achillea
millefolium subsp. atrotegula B.Boivin, Achillea
millefolium subsp. balearica Sennen, Achillea
millefolium var. borealis (Bong.) Farw., Achillea
millefolium var. californica (Pollard) Jeps.,
Achillea millefolium f. californica (Pollard)
H.M.Hall, Achillea millefolium var. colliniformis
Dabrowska, Achillea millefolium subsp. com-
pacta (Lam.) Bonnier & Layens, Achillea millefo-
lium var. dipetala Dabrowska, Achillea
millefolium f. discolor B.Boivin, Achillea millefo-
lium var. dissecta Dabrowska, Achillea millefo-
lium var. fulva, Achillea millefolium var. fusca
(Rydb.) G.N.Jones, Achillea millefolium var.
gigantea (Pollard) Ferris, Achillea millefolium
var. gigantea (Pollard) Nobs, Achillea millefolium
f. iserana (Podp.) Hayek, Achillea millefolium
var. iserana Podp., Achillea millefolium var.
lanata W.D.J.Koch, Achillea millefolium var. lan-
ulosa (Nutt.) Piper, Achillea millefolium subsp.
lanulosa (Nutt.) Piper, Achillea millefolium var.
litoralis Ehrenb. ex Nobs, Achillea millefolium
var. lobata Dabrowska, Achillea millefolium var.
maritima Jeps., Achillea millefolium var. mega-
cephala (Raup) B.Boivin, Achillea millefolium

138

DOI 10.1007/978-94-007-7395-0_10, © Springer Science+Business Media Dordrecht 2014



Achillea millefolium

var. nigrescens E.Mey., Achillea millefolium var.
occidentalis DC., Achillea millefolium var. paci-
fica (Rydb.) G.N.Jones, Achillea millefolium
subsp. pallidotegula, Achillea millefolium subsp.
pannonica (Scheele) Hayek, Achillea millefolium
subsp. pannonica (Scheele) Oborny, Achillea
millefolium var. parviligula, Achillea millefolium
var. parvula, Achillea millefolium var. puberula
(Rydb.) Nobs, Achillea millefolium var. puberula
(Rydb.) Ferris, Achillea millefolium f. rhodantha
Lepage, Achillea millefolium f. rosea (Desf.)
E.L.Rand & Redfield, Achillea millefolium var.
rosea (Desf.) Torr. & A.Gray, Achillea millefo-
lium £. roseiflora B.Boivin, Achillea millefolium f.
roseoides Breitung, Achillea millefolium f. rubi-
cunda (Farw.) Farw., Achillea millefolium var.
russeolata, Achillea millefolium var. sordida
W.D.J.Koch, Achillea millefolium var. spathulata
Dabrowska, Achillea nabelekii Heimerl, Achillea
nigrescens (E.Mey.) Rydb., Achillea occidentalis
(DC.) Raf., ex Rydb., Achillea ochroleuca Eichw.,
Achillea ossica K.Koch, Achillea pacifica Rydb.,
Achillea palmeri Rydb., Achillea pannonica
Scheele, Achillea pannonica f. laxa Dabrowska,
Achillea pecten-veneris Pollard, Achillea praten-
sis Saukel & R.Linger, Achillea pseudotanitifolia
Wierzb. ex Rchb., Achillea puberula Rydb.,
Achillea pumila Schur, Achillea rosea Desf.,
Achillea seidlii J.Presl & C.Presl, Achillea seta-
cea Schwein., Achillea sordida (W.D.J.Koch)
Dalla Torre & Sarnth., Achillea subalpina Greene,
Achillea subhirsuta Gilib. (inval.), Achillea sub-
millefolium Klokov & Krytzka, Achillea sylvatica
Becker, Achillea tanacetifolia Mill., Achillea
tenuifolia Salisb. (illeg.), Achillea tenuifolia var.
albicaulis (C.A.Mey.) Trautv., Achillea tenuis
Schur, Achillea tomentosa Pursh (illeg.), Achillea
virgata Hort. ex DC., Achillios millefoliatus St.-
Lag., Alitubus millefolium (L.) Dulac, Alitubus
tomentosus Dulac, Chamaemelum millefolium
(L.) E.H.L.Krause, Chamaemelum tanacetifolium
(All.) E.H.L.Krause, Chamaemelum tomentosum
(L.) E.H.L.Krause (illeg.)

Family

Asteraceae
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Common/English Names

Bad Man’s Plaything, Bloodwort, Carpenter’s
Weed, Common Yarrow, Devil’s Nettle, Devil’s
Plaything, Fernweed, Gordaldo, Knight’s Milfoil,
Milfoil, Musk Milfoil, Nosebleed, Nosebleed
Plant, Old Man’s Pepper, Plumajillo, Sanguinary,
Sneezewort, Soldier’s Friend, Soldier’s Woundwort,
Staunchweed, Thousand-Seal, Thousand-Seal Bad
Man’s Plaything, Thousand Weed, Thousand-Leaf,
Thousand-Seal, Thousand Weed, Thousand-Leaf,
Western Yarrow, Woundwort, Yarrow, Yarrow
Bloodwort, Yarrow Milfoil, Yarroway

Vernacular Names

Argentina: Milhojas (Spanish)

Azerbaijan: Adi boymadoron

Brazil: Aquileia, Mil em Folhas, Mil-Folhas

Burmese: hta.ri:hpweing

Catalan: Milfulles

Chinese: Shi, Shi Cao, yang shi cao

Croatian: Armanj, BoZja haluga, Bozje drvce,
Hajducka trava, Hrb, Jezicec, Jutrocel, Kacak,
Kacak, Koromaci¢, Kostenica, Kostret,
Kostretica, kostreSica, koStenica, Malankovica,
Mali stozlat, mekuSica, Mesecina, Mrmanj,
Mrmonj, Paprac, Rebrac, Reza, Rman Vodeni
sporis, Spor, Sporié-stolistak, spori§, Stolika,
Stoliska, Stolist, Stolista, Stolistak, Stolistac,
Stolisnik, Tucija trava

Czech: Rebfitek obecny, Rebfitek obecny pravy

Danish: Almindelig rgllike, Finbladet rgllike,
Rgllike, Soldaterurt, Tgmrerurt

Dutch: Duizendblad, Gewoon duizendblad

Eastonian: Harilik raudrohi

Egypt: Om alf waraka (Arabic)

Esperanto: Akileo milfolia, Milfolio

Finnnish: Aivastusjuuri, Akantupakki,
Hurstinkukka, Pietarinkukka, Pyortandpollo,
Pyortianopollo, Siankérsidheind, Siankédrsdmo

French: Achillée, achillée mille-feuille, Herbe a
Dinde, Herbe aux charpentiers, Herbe aux
cochers, Herbe aux Militaires, Herbe de Saint-
Jean, Herbe de St-Jean, Mille feuille

Gaelic: Athair thalin
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German: Achillenkraut, Augenbraue der Venus,
Bauchwehkraut, Blutkraut, Blutstillkraut,
Feldscharfgarbe, Frauendank, Frauenkraut,
Garbenkraut, Gebenkraut, Gemeine Schaf
garbe, Gerwel, gewohnliche Schafgarbe,
Gliedkraut, Gotteshand, Grillengras, Katzen
kraut, Katzenschwanz, Lammerzunge, Marga
retenkraut, Schafgarbe, Schafrippen, Schaf

zunge, Tausendblatt, Tausendblittchen,
Teekraut, Wiesen-Schafgarbe, Wiesen-
Schafgarbe

Hungarian: Egérfarkft, Kozonséges cickafark,
Mezei cickafark

Icelandic: Vallhumall

India: Biranjasipha, Gandana, Gandrain,
Puthkanda, Bhut Kesi (Hindi), Bimjasif
(Joshimath), Rajmari (Konkani), Rojmaari
(Marathi), Achchilliya (Tamil), Tukhm gan-
dana, Buiranjasif, Brinjasuf (Urdu)

Italian: Achillea, Achillea millefoglie, millefo-
glio, Millefoglio montano

Japanese: Seiyou no kogirisou, Yaroo

Kashmir: Momadrichopandiga

Korean: seoyangtobpul

Ladakh: Chabu, Chuang

Mexico: Alcanfor, Ciento en rama (Spanish)

Norwegian: Bakkeryllik, Broksjit, Hardhaus,
Jordhumle, Kanelblom, Krydderblom,
@lkong, Rellik, Regllgkka, Ryllik, Soldaturt,
Teblom, Tobakksblomst, Vanlig Ryllik

Persian: biranjasib, bu-l-maderan

Polish: Krwawnik pospolity

Portuguese: Aquiléia, Espuma-do-mar, Mil-em-
rama, Mil-folhas, milefélio

Russian: tysacelistnik obyknovenny;j

Serbian: Ajducica, Ajducka trava, Aspra, Beli
ravanj, Belo ivansko cvede, Hajducica,
Hajducka trava, Jalova meseCina, Jalovi
mesecnjak, Jalovo mesecje, Krvavac, Kunica,
Kunji rep, Kucja trava, Ljutica, Mesecina,
Moracika, Paprac, Petrovsko cvecde, Ravan,
Ravanj, Ravunika, Spor, Spori§, SporiSevina,
Stolistnik, Stolisnik, Tintorova trava

Slovascina: Arman, Armanc, Erman, Grenki
rman, Hrman, Jermanec, Kacek, Kacjek,
Korancelj, Korocelj, Mezinec, Mezinic,
Navadni rman, Rman navadni, Rmanc, Runica,
Skorejca, Zavrelec, Zevrelcec

Asteraceae

Slovencina: Rebiicek obycajny

Spanish: Aquilea, Aquillea, Artemisa bastarda,
Cientoenrama, Flor de la pluma, Hierba de las
heridas, Hierba de los carpinteros, Hierba de
San José, Meona, Mil hojas, milenrama,
Milfohas, Milfullas, Milhojas, Milorri

Swedish: Backhumle, Jordhumle, Karibacka,
Nisegris, Nasgris, Rolleka, Rollika

Turkish: Beyaz civanpergemi, civanpercemi,
Civanpercemiotu, Kandil Cigek

Vietnamese: Co thi, Cic van di€p, Duong ky
thao, Xuong ca

Welsh: Milddail, Gwilffrai, Llys Y Gwaedlif,
Llysiau Marwolaeth, Llysiau’r Gwaedlin,
Llysiau’r Gwaedlif, Milfyd, Milfydd, Minfel,
Wrisgan Llwyd

Origin/Distribution

The plant is indigenous to temperate and alpine
areas in Eurasia, including most of Europe and
many parts of Asia (i.e., from Turkey eastwards
to Siberia and northwestern India). It has been
introduced into North America, China, New
Zealand and Australia.

Agroecology

Yarrow is a cool climate plant; it is occasionally
grown in the cooler highland parts of subtropi-
cal regions. In its native range, it grows at low
or high altitudes, up to 3,500 m above sea level.
It grows in disturbed habitats, neglected gar-
dens, waste areas, grasslands, woodlands, pas-
tures, turfed areas, gullies and along roadsides
in relatively moist locations. It grows in full sun
to partial shade, on acidic to alkaline soils. It is
frost and drought tolerant.

Edible Plant Parts and Uses

The flowers and leaves are edible (Uphof 1968;
Grieve 1971; Facciola 1990; Roberts 2000;
Schofield 2003). An aromatic tea is made from
the dried flowers and leaves. An essential oil
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extracted from the flowering heads is used as a
flavouring for soft and alcoholic beverages.
Yarrow flowers can be fried with butter sprinkled
with sugar or orange juice. The bitter leaves are
eaten raw or cooked as spinach or in soups and
are best used when young and tender. They are
also used in mixed salads. Yarrow leaves were
part of a herbal mixture known as ‘gruit’ used in
the flavouring and preservation of beer prior to
the use of hops. The leaves are also used as a sub-
stitute for tobacco, nutmeg, cinnamon and hops.

Botany

An erect, branched herbaceous perennial,
20-100 cm high with rhizomatous or stolonifer-
ous growth form and sparingly branched or
unbranched tomentose or glabrous stems. Leaves
are petiolate; large near the middle and bottom or
sessile, cauline and smaller towards the tip. Leaf
blades lanceolate or oblong-lanceolate, 3.5-
25 cmx5-3.5 cm, bipinnate or tripinnate, feath-
ery and arranged spirally on the stem, glabrous to
sparsely tomentose or densely lanate (Plates 1 and
2). Inflorescence heads 10 to >100, in terminal,
simple or compound, slightly rounded or flat-
topped corymbs on the expanded end (receptacle)
of the flower stalk (Plate 2). Involucre oblong or
subovoid with 20-30 phyllaries (involucral bracts)
in 3 overlapping series, ovate to lanceolate and
hairy. Each flower head (capitulum) contains
ray florets (female) and disk florets (bisexual)
which are white and cream to pink to deep purple
(Plate 3). There are generally 3-8 ray florets that
are ovate to round. Disk florets 10-20, at the
centre of the flower head, tubular, and greyish
white or cream. Fruit tiny, oblong achenes, 2 mm,
with broadly winged margins and no pappus.

Nutritive/Medicinal Properties
Plant Phytochemicals
Sesquiterpenes and sesquiterpene lactones found

in the leaf and flowering head included acetylbal-
chanolide, millefolide, and an unknown lactone

Plate 1 Juvenile plant with fine, feathery pinnately
compound leaves

with mp 138 °C (Hochmannova et al. 1961); leu-
codin and achillin (Romo de Vivar and Olmos
1968); desacetylmatricarin, matricarin and mille-
fin (Kasymov and Sidyakin 1972); austricin
(deacetylmatricarin), millefin, 8-hydroxyachillin
and an isomer of matricarin (Adekenov et al.
1979; Kasymov and Sidyakin 1972); and arte-
canin, estafiatin, leucomisin and balchanolide
from the plant (Konovalov and Chelombit’ko
1991). Achillicin, the major proazulene (pro-
chamazulene) of Achillea millefolium, was iso-
lated and identified as 8-acetoxyartabsin (Cuong
etal. 1979a); chamazulene (2, 13—15) and chama-
zulene carboxylic acid were also isolated (Cuong

et al. 1979b). Other sesquiterpenes isolated
included proazulenes, 8-acetoxyartab-
sin, 8-anelooxyartabsin, 2,3-dihydrodeacet

oxymatricin, (Verzar-Petri et al. 1979a) and azu-
lene (Verzar-Petri et al. 1979b). Three main
azulenogene sesquiterpene lactones were isolated
from A. millefolium plant and identified as 8-ace-
toxy-artabsine, 8-angeloxy-artabsine and
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Plate 2 White-flowering head

2,3-dihydro-desavetoxy-matricin  (Verzar-Petri
et al. 1980). Ulubelen et al. (1990) isolated a new
sesquiterpene lactone, achillifolin, together with
known sesquiterpene lactones, dihydropartheno-
lide and dihydroreynosin, from the aerial parts.
Known flavonoids, terpenoids and vanillic acid
were also isolated. Ohir et al. (1991) isolated
desacetylmatricarin, two sesquiterpene lac-
tones of a new 3-oxa-guaianolide type, 8-acetyl
egelolide and 8-angeloyl egelolide from the aerial
parts. The structures of 8 a-angeloxy-, 8 a-tigloxy-
and 8 a-acetoxy-10-epi-artabsin (achillicin) as
well as of the respective 3-oxa-analogues were
revised by Schroder et al. 1994). On the basis of
2D-NMR spectral data, it was shown unequivo-
cally that these compounds were artabsin deriva-
tives. Achillea millefolium was reported to contain
a-peroxyachifolid, = dehydromatricaria  ester,
pontica epoxide (Riicker et al. 1991; Hausen et al.
1991) and isoachifolidiene, a precursor of
guaianolide peroxides (Riicker et al. 1992). Three

Plate 3 Purple flowering head

new antitumor sesquiterpenoids, achimillic acids
A, B and C, were isolated as methyl esters from
Achillea millefolium (Tozyo et al. 1994) Three
new sesquiterpenes which were trivially named as
sesquiterpene lactone esters A and B (1 and 2) and
sesquiterpene lactone-diol (3) were isolated from
the plant (Farooq et al. 2012).

Several species of the polyploid A. millefolium
group, however, could be characterized by their
distinct sesquiterpene pattern (Montsko et al.
2008). A. millefolium was characterized by the
presence of 8-desacetylmatricarin, santonin, mat-
ricarin, achillicin and artabsins; A. pratensis by
arglanin, 4-hyperoxy-arglanin, santonin and san-
tamarin; and A. collina by 8-desacetylmatricarin,
santonin, matricarin, achillicin, 3-oxa-achillin,
8a-angeloxy-artabsin,  8a-angeloxy-3-oxa-art
absin, 8a-tigloxy—artabsin and 8a-tigloxy-3-
oxa-artabsin.

Five sesquiterpenoid, i.e., seco-pseudo
guaianolides (paulitin, isopaulitin, psilostachyin C,
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desacetylmatricarin and sintenin) and five flavo-
noids (apigenin, luteolin, centaureidin, casticin and
artemetin) were isolated and identified from the
aerial parts of the Achillea millefolium aggregate
(Csupor-Loffler et al. 2009). Flavonoids found in
the plant included rutin, apigenin, luteolin and the
7-glucosides of apigenin and of luteolin, cosmosiin
and luteolin 7-O-B-p-glucopyranoside (Kaloshina
and Neshta 1973). The main flavonoid constitu-
ents of leaf and flower heads of Achillea millefo-
lium subspecies were found to be apigenin and
luteolin, mainly found as 7-O-glucosides and
7-malonylglucosides (Guédon et al. 1993). This
represented the first report of flavone glycoside
malonylesters in Achillea genus. White-flowering
populations, i.e., the ssp. millefolium and cereta-
num, showed a similar distribution of flavonoid
compounds, whereas the presence of rutin in the
leaves of the alpestris ssp. appeared to be charac-
teristic. The flowering tops of this taxon were
distinguished from the other two by their amount
of schaftoside and isoschaftoside. The following
sesquiterpenoids were isolated from A. millefo-
lium group (A. collina and A. pratensis): achilli-
cin, 8a-tigloxy-artabsin, 8a-angeloxy-artabsin,
arglanin and santamarin (Glasl et al. 1999).

The flavonoids found in A. millefolium of
the section Millefolium comprised of flavo-
noid aglycones and flavonoid glycosides—
C-glycosylflavones, flavonol and flavones
O-glycosides (Ivancheva et al. 2002). The flavo-
noid aglycones comprised large amounts of quer-
cetagetin 3,6,7-trimethyl ether (chrysophenol-D),
quercetagetin  3,6,7,3',4'-pentamethyl ether
(artemetin); small amounts of scutellarein 6,7,
4’-trimethyl ether (salvigenin), quercetagetin 3,6,
4’-trimenthyl ether (centaureidin); and traces of
scutellarein 6-methyl ether (hispidulin), scutellarein
6,7-dimethyl ether (cirsimarin) and 6-hydroxylu-
teolin 6-methyl ether (nepetin). The flavonoid
glycosides comprised small amounts of vitexin
(5,7,4'-trihydroxyflavone-8-C-glycosyl), vicenine
2 (5,74 -trihydroxyflavone-6,6-di-C-glycosyl) and
swertjponin (5,3',4’-trihydroxy-7-OMeflavone-6-
C-glycosyl) and traces of swertisin (5,4'-
dihydroxy-7-OMeflavone-6-C-glycosyl). = The
flavonol and flavones O-glycosides were large
amount of quercetin-3-O-glycoside, small
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amount of quercetin-3-O-rhamnoglycoside, and
traces of luteolin-7-O-glycoside, diosmetin-7-O-
glycoside and kaempferol-3-O-glycoside. The
flavonoid casticin was isolated from Achillea
millefolium (Haidara et al. 2006). The following
flavonoid compounds were found in Achillea
species belonging to the A. millefolium L. group
(Gherase et al. 2004): rutin, apigenin-7-O-
glucoside and luteolin-7-O-glucoside were found
in the methanol extract. The free aglycones, api-
genin and luteolin, were also detected. Total phe-
nolic contents reported for A. millefolium herb
were 9.55 mg GAE/100 ¢ DW (Wojdyto et al.
2007). Major phenolic compounds (mg/100 g
DW) found were phenolic acids, 429 mg caffeic
acid, 118 mg neochlorogenic acid and 35 mg
ferulic acid, and flavonoids, 103 mg luteolin and
84.3 mg apigenin. The following phenolic com-
pound were isolated from the methanol extract of
A. millefolium: chlorogenic acid (1), rutin (2),
luteolin 7-O-glucoside (3); 1,3-dicaffeoylquinic
acid (4); 1,4-dicaffeoylquinic acid (5); 3,4-dicaffe
oylquinic acid (6); apigenin 4’-O-glucoside (7);
apigenin 7-O-glucoside (8); luteolin 4'-O-
glucoside (9); and 3,5-dicaffeoylquinic acid (10)
(Vitalini et al. 2011). Polyphenolic compounds
(g/kg dry matter) in the aerial yarrow plant parts
were determined as follows: chlorogenic acid
8.12 g, 3,5-DCQA (dicaffeoylquinic acid)
21.59 g, 1,5-DCQA 8.88 g, 4,5, DCQA 3.31 g,
total caffeoyl derivatives 41.90 g, total dihy-
droxycinnamic acid derivatives 52.67 g, total
flavonoids 12.92 g, total dihydroxycinnamic acid
derivatives + flavonoids 65.59 g and total polype-
nolic compounds 63.06 g (Fraisse et al. 2011).
Thirty-five compounds were isolated from
various fractions of the ethanol extract of the
dried plant material of Achillea millefolium
(Tunén et al. 1994). From the C:1 fraction, ade-
nine, betaine, betonicine, choline, homostachy-
drine, mandelonitrile glucoside, rutin, staydrine
and trigonelline were isolated; from fraction C:2,
caffeic acid, chlorogenic acid, ferulic acid, man-
delic acid, salicylic acid and vanillic acid; and
from fraction F:2, apigenin, capric acid methyl
ester, caprylic acid methyl ester, carvacrol, euge-
nol, gallic acid, hydroquinone, isorhamnetin,
linoleic acid ethyl ester, linoleic acid methyl
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ester, linolenic acid methyl ester, luteolin, pal-
mitic acid ethyl ester, palmitic acid methyl ester,
phloroglucinol, protocatechuic acid, pyrocate-
chol, quercetin, tannic acid and undecylenic
methyl ester were isolated.

Beta-sitosterol was identified as the major ste-
rol and a-amyrin as the major triterpene of A.
millefolium (Chandler et al. 1982b). The sterols
stigmasterol, campesterol and cholesterol; and
the triterpenes P-amyrin, taraxasterol and pseu-
dotaraxasterol were also identified.

From above ground parts of Achillea collina
within the A millefolium group, proline, stachy-
drine, betonicine, betaine and choline were iso-
lated as the major nitrogen containing compounds
(Mehlfiihrer et al. 1997). The TLC screening of
11 different species belonging to A. millefolium
group showed qualitatively identical betaine pat-
terns but quantitative differences were observed.

From the lipophilic extract of subterranean
parts of Achillea millefolium s.str. 17 different
alkamides together with (+)-sesamin were iso-
lated and identified (Greger and Hofer 1989).
Besides a rare decadienoic acid tyramide and
the corresponding novel p-methoxy derivative,
the amide pattern was especially characterized
by the dominating olefinic piperideides. Greger
and Werner (1990) compared the alkamides
from the subterranean parts of different mem-
bers of the Achillea millefolium group. They
found that the FEuropean representatives
(A. millefolium, A. pannonica, A. collina, A. asple-
niifolia, A. setacea) were predominated by
deca-2 E,4 E,6Z-trienoic piperideide with some
cytotypes accumulating two isomeric decatetrae-
noic piperideides and (+)-sesamin. The alkamide
patterns of the Asian and North American
members (A. asiatica, A. lanulosa) were charac-
terized by a preponderance of decadienoic
acid-derived isobutylamide and piperideide.

Thirteen compounds were identified in the
essential oil: borneol, camphene, camphor, 1,8
cineole, a-pinene, p-cymene, furfuryl alcohol,
isobutyl acetate, isovaleric acid, limonene, men-
thol, sabinene and terpinene-4-ol (Bejnarowicz
and Smolenski 1968). Haggag et al. (1975)
reported the following constituents in the essen-
tial oil: azulene, caryophyllene, eucalyptol, bor-
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neol, bornyl acetate, «-pinene, [-pinene,
limonene and a-thujone. The major components
of the essential oil hydrodistilled from the stems,
leaves and inflorescences were found to be
p-thujone (8.3-21.7 %), camphor (8.6-11.7 %),
1, 8-cineole (7.7-15.2 %), p-pinene (3.8-7.8 %)
and sabinene (5.7-8.9 %) (Hachey et al. 1990).
More than 60 components have been identified,
40 of which were mainly oxygenated compounds.
Several monoterpenes and sesquiterpenes were
identified in the essential oil of wild Achillea
millefolium complex in northern Greece, although
the main component was ascaridole (47.2 %)
(Chatzopoulou et al. 1992). Lesser amounts of 1,
8-cineole (10.5 %), p-cymene (7.4 %), a-terpinene
(7.0 %) and camphor (8.1 %) were found.
Bélanger and Dextraze (1993) reported the fol-
lowing as main components (range) in the essen-
tial oils of A. millefolium plants: chamazulene
(51.3-1.16 %), germacrene D (54.7-5.6 %),
p-thujone (35.1-0 %), a-thujone (20.7-0 %),
a-phellandrene (17.4-0 %), sabinene (17.2—
0.29 %), myrcene (14.7-0.10 %), p-pinene
(9.74-0.2 %), P-caryophyllene (7.68-0.54 %),
camphor (6.7-0.2 %), 1,8-cineole (6.45-0.26 %)
p-cymene (1.73-0 %), borny] acetate (3.88-0 %),
camphene (2.68-0.11 %), limonene (3.11-0 %)
and y-terpinene (5.5-0.2 %).

The main volatile constituents found in
Achillea millefolium growing wild in Greece
were 1,8-cineole, camphor, borneol and lavandu-
lol (Kokkalou et al. 1992). A comparison of the
main volatile constituents currently found in
A. millefolium oils revealed that great infraspecific
variation occurred. One hundred twenty-three
components were identified in the oil of aerial
parts of A. millefolium from Kazakhstan repre-
senting 93.1 % of the oil (Suleimenov et al.
2001). Camphor (16 %), 1,8-cineole (8.7 %),
borneol (6.2 %), B-eudesmol (6.1 %), a-terpineol
(5.9 %), a-bisabolol (5.5 %) and terpinen-4-ol
(3.1 %) were found as the major compounds.

Twenty components were identified in the
essential oil of aerial parts of A. millefolium
grown in Siberia (Smelcerovic et al. 2010). Major
constituents were 1,8-cienole (28.8 %), camphor
(11 %), borneol (5.9 %), p-pinene (5,4 %), caryo-
phyllene oxide (3.3 %), B-caryophyllene (3.1 %),
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a-elemol (3 %) and o-terpineol (2.9 %). Other
components included a-pinene (2.5 %), terpinen-
4-ol (2.3 %), camphene (0.7 %), sabinene
(0.1 %), p-cymene (1.9 %), germacrene D
(0.7 %), y-terpinene (0.5 %), humulene (0.4 %),
(Z2)-p-farnesene (0.3 %), a-muurolene (0.2 %),
cadina-3,9-diene (0.1 %) and hexahydrofarnesyl
acetone (0.1 %). 1,4-dimethyl azulene, chamazu-
lene, chamazulenecarboxylic acid and achillin
were also found.

Trans-nerolidol (1-31.9 %), caryophyllene
oxide (2.1-23 %), p-pinene (0.5 -20.0 %),
1,8-cineole (0.5-11.9 %) were found to be the
first predominant constituents in all 20 leaves and
flower oils of white- and pink-flowering A. mille-
folium plants (Judzentiene and Mockute 2010).
Other components found in all 20 samples
included p-caryophyllene (1.7.7 %), o-pinene
(0.1-6.3 %), sabinene (0.1-8.0 %), a-terpinene
(tr — 0.6 %), borneol (tr — 8.4 %), terpinen-4-ol
(tr— 2.8 %), a-terpineol (tr — 0.9 %), bornyl acetate
(0.1-6.0 %), a-humulene (tr — 1.2 %), germacrene
D (tr — 3.8 %) and (2Z,6E)-farnesyl acetate (tr —
3.5 %). Selin-11-en-4-a-ol (tr — 10.4 %) was
also dominant and found in both leaf and flowers
of ten pink- and seven white-flowered plants.
10-epi-y-eudesmol was also dominant in 17
samples comprising 10 samples (tr — 12.2 %) in
both flower and leaves of white cultivars and
seven samples (0.8-5.8 %) in both flower and
leaves of pink cultivars. Spathulenol was also
dominant in 19 samples (tr — 10.2 %) in 10 white-
and 9 pink-flowering plants. Other compounds
found in 17-19 samples (leaf and flowers)
included camphene (tr — 3.7 %), myrcene (tr —
1.1 %), p-cymene (tr — 2.4 %), y-terpinene (0.1-
1.4 %), terpinolene (tr — 2.3 %), camphor (tr —
6.7 %), cis-chrysanthenol (tr — 0.9 %),
p-bourbonene (tr — 0.3 %), B-bisabolene (tr —
2.6 %), O-cadinene (tr — 7.6 %), offp-
caryophylla—4(14), 8(15)-dien-5-ol (tr — 6.7 %)
and (2Z,6E)-farnesol (tr — 1.7 %). Chamazulene
was found in five samples (tr — 1.4 %) of the leaf
and flower of the pink-flowered plants and one
sample in the flower of white-flowered plant
(2.7 %). 1-epi-cubenol was only found in white-
flowered plants (nine out of ten samples, tr —
2.7 %). (2E, 6E)-farnesol was only found in

145

pink-flowered plants (tr— 1.9 %). Chrysanthenone
and carvotanacetone were found only in the
flower (7.2, 2.1 %) and leaf (7.6, 2.6 %) samples,
respectively, of pink-flowered plant in the same
one locality. Significant qualitative and quantita-
tive variations were also found in the total content
of monoterpenes (1.2-57.2 %) and sesquiter-
penes (39.9-98.8 %).

Studies in Norway reported that the essential oil
content of Achillea millefolium differed greatly
between the vegetative stage (0.13 %) and the stage
of full bloom (0.34 %) (Rohloff et al. 2000).
Changes in the composition of yarrow essential oil
were found to be related to maturation of the plant,
with increasing amounts of monoterpenes in rela-
tion to the sesquiterpene. A clear trend was detected
only for the monoterpenic compounds with increas-
ing levels of a-pinene and B-pinene and a-thujone
and decreasing levels of sabinene, borneol and bor-
nyl acetate. Previously reported as major com-
pounds, chamazulene and germacrene D could be
found only in insignificant amounts. Sesquiterpenic
compounds such as f-bisabolene, a-bisabolol and
d-cadinene were detected in substantial amounts
by solid-phase microextraction (SPME) in contrast
to the steam-distilled samples.

Twenty-one volatile constituents were
isolated from the oil of Iranian A. millefolium
(Afsharypuor and Asgary 1996). The oil pos-
sessed a high percentage (55.4 %) of sesquiter-
penes. The major components of this fraction
were a-bisabolol (22.9 %), spathulenol (12.4 %),
cis-nerolidol (5.7 %), cis-carveol (5 %) and
trans,trans-farnesol (4.0 %). Other components
included phenol (3.9 %), trans-carveol (3.7 %),
CioHis0, (3.5 %), cis-sabinol (2.5 %), cis-p-
farnesene (2.7 %), a-patchoulene (2.2 %),
2-pentyl- 5-propylresorcinol (1.8 %), camphere-
none (1.7 %), Ci5 Hys O (1.7 %), bornyl acetate
(1.3 %), p-himachalene (1.2 %), geranyl acetate
(0.9 %), caryophyllene (0.9 %), 4-oxo0-3,4-
dihydro-2,3-diazaphenoxathiin
(0.9  %),6,10,14-trimethyl pentadecan-2-one
(0.8 %) and neryl acetate (0.7 %). The percent-
age of sesquiterpenes in the oil obtained from
flowers and leaves of the plants grown in Portugal
was much lower (up to 8.5 %) and was domi-
nated by germacrene-D. The oil obtained from
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Iranian A. millefolium ssp. millefolium possessed
a high percentage of sesquiterpenes (55.4 %) in
which a-bisabolol was the main compound,
while no proazulene or 1,8-cineole was detected
(Saeidnia et al. 2004). The major components
of the oil were a-copaene (11.1 %) and (E)-
nerolidol (8.8 %). The main constituents of
A. millefolium essential oil from the Balkans
(21 compounds) were f-pinene (32.63 %),
B-caryophyllene (16.52 %), sabinene (11.48 %)
and chamazulene (5.86 %), and these four com-
pounds constituted 66.49 % of the oil (Boskovic
et al. 2005). Other constituents included 1,8-cin-
eole (4.57 %), caryophyllene oxide (3.74 %),
bicyclogermacrene (2.70 %), a-pinene (2.52 %),
bornyl acetate (2.42 %), germacrene D (2.12 %),
o-humulene (2.12 %), a-phellandrene (0.76 %),
a-terpinene (0.47 %), a-copaene (0.75 %),
a-thujene (0.51 %), terpinolene (0.42 %),
B-bourbonene (0.41 %), y-terpinene (0.39 %),
4-terpineol (0.36 %), P-longipinene (0.20 %)
and borneol (1.68 %). A total of 102 components
were identified from the essential oil of A. mille-
folium plants from various European countries
(Orav et al. 2006). The quantitatively most
important components of yarrow were sabinene,
B-pinene, 1,8-cineole, artemisia ketone, linalool,
a-thujone, B-thujone, camphor, borneol, fenchyl
acetate, bornyl acetate, (E)-B-caryophyllene,
germacrene D, caryophyllene oxide, B-bisabolol,
8-cadinol, chamazulene and others.

Another study on the essential oil of Achillea
millefolium subsp. millefolium in Iran identified
20volatile components (Srabi and Meshkatalsadat
2010). The predominant compounds were gera-
niol (33.43 %), neryl acetate (17.48 %), farnesol
(7.61 %), benzyl benzoate (6.08 %), nerolidol
(5.61 %), limonene (5.38 %) and linalool
(3.15 %). Other constituents included neral
(2.93 %), geranyl butyrate (2.67 %), a-pinene
(2.53 %), 1,8-cineole (1.93 %), chrysanthenone
(1.77 %), 5-elemene (1.00 %), p-pinene (0.68 %),
a -terpineol (0.57 %), nerol oxide (0.54 %), cis-
jasmone (0.47 %), sabinene (0.34 %), camphor
(0.27 %) and geranial (0.11 %). The Italian vola-
tile extracts (SFE (supercritical extraction with
CO2) and essential oil) of aerial parts were
predominantly composed by «-asarone (25.6—
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33.3 %), and in the SFE extract and in the HD oil,
respectively, f-bisabolene (27.3-16.6 %) and
a-pinene (10.0-17.0 %), whereas the main com-
ponents of the Portuguese extracts were trans-
thujone (31.4-29.0 %), trans-chrysanthenyl
acetate (19.8-15.8 %) and p-pinene (1.2-11.1 %)
(Falconieri et al. 2011).

The populations Achillea millefolium from two
different high-altitude Himalayan habitats
(1,600 m, 2,850 m) proved to represent two differ-
ent ecotypes: the 1,8-cineole type and the borneol
type with appreciable differences in the contents
of oils and mono- and sesquiterpenes (Agnihotri
et al. 2005). The major components were charac-
terized as P-pinene (10.6-17.7 %), 1,8-cineole
(3.0-15.1 %), borneol (0.2-12.1 %), and
p-caryophyllene (8.5-16.2 %). Thirty components
were identified in the essential oil of A. millefolium
cultivated under the tropical conditions of Delhi,
India, comprising 93.43 % of the oil content
(Nadim et al. 2011). The predominant constituents
were sabinene (17.58 %), 1,8-cineole (13.04 %),
borneol (12.41 %), bornyl acetate (7.98 %),
a-pinene (6.28 %), P-pinene (6.26 %), terpinine-
4-ol (6.17 %) and chamazulene (5.28 %). Other
minor components included: f-caryophyllene
(2.31 %), camphene (2.07 %), germacrene D
(1.49 %), limonene (1.27 %), d-terpinene (1.19 %),
p-cymene (1.11 %), a-terpineol (1.04 %), metha-
nol (1.03 %), o-thujone (1.00 %), d-cadinene
(0.94 %), a-cadinol (0.90 %), azulen (0.85 %),
myrcene (0.81 %), thujanol (0.54 %), pentadeca-
noic acid (0.49 %), trans-carveol (0.44 %), myris-
tic acid (0.23 %), dodecane (0.18 %), a-thujenal
(0.16 %), a-copaene (0.13 %), myrtenol (0.13 %)
and cyclohexene (0.12 %).

The terpenoid profile of homeopathic tinc-
ture prepared from fresh A. millefolium plant
material comprised 1,8-cineole (18.28 %),
a-pinene (11.96 %), germacrene D (11.62 %),
phytol (11.20 %) and trans-caryophyllene
(10.52 %), as dominant components (Lyakina
2002). Other components were sabinene
(4.93 %), 1,4-terpineole (3.08 %), camphor
(2.57 %), trans-sabinene hydrate (2.49 %),
p-fenchol (2.49 %), lavandyl acetate (1.85 %),
o-humulene (1.26 %) and 4-thujen-2-a-yl-
acetate (1.07 %). In contrast, the terpenoid
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profile of homeopathic tincture prepared from
dried plant material comprised 1-limonene
(29.92 %), sabinene (9.44 %), trans-caryoph-
yllene (8.78 %) and phytol (7.59 %) as domi-
nant components. The minor components were
1,8-cineole (5.27 %), lavandyl acetate (5.19 %),
germacrene D (5.09 %), B-pinene (3.59 %),
pseudocumene (3.20 %), episonarene (3.14 %),
caryophyllene oxide (2.54 %), a-pinene
(2.42 %), a-humulene (1.27 %), vy-selinene
(0.94 %), a-longipinene (0.60 %) and cam-
phene (0.24 %).

The terpenoid profile of homeopathic tincture
prepared from fresh A. millefolium plant material
comprised 1,8-cineole (18.28 %), a-pinene
(11.96 %), germacrene D (11.62 %), phytol
(11.20 %) and trans-caryophyllene (10.52 %), as
dominant components (Lyakina 2002). Other com-
ponents were sabinene (4.93 %), 14-terpineole
(3.08 %), camphor (2.57 %), trans-sabinene hydrate
(249 %), p-fenchol (249 %), lavandyl acetate
(1.85 %), o-humulene (1.26 %) and 4-thujen-2-o-
yl-acetate (1.07 %). In contrast, the terpenoid pro-
file of homeopathic tincture prepared from dried
plant material comprised of 1-limonene (29.92 %),
sabinene (9.44 %), trans-caryophyllene (8.78 %)
and phytol (7.59 %) as dominant components. The
minor components were 1,8-cineole (5.27 %),
lavandyl acetate (5.19 %), germacrene D (5.09 %),
B-pinene (3.59 %), pseudocumene (3.20 %), episo-
narene (3.14 %), caryophyllene oxide (2.54 %),
a-pinene (2.42 %), o-humulene (1.27 %), y-selinene
(0.94 %), a-longipinene (0.60 %) and camphene
(0.24 %).

Leaf Phytochemicals

Rutin was isolated from the leaves (Neshta et al.
1972). 6-Hydroxyflavones, 6-hydroxyflavonols,
and their methyl ethers predominated in the leaf
exudates in various combinations in 78 collec-
tions of species forming the Achillea millefolium
group (Valant-Vetschera and Wollenweber 1988).
Leaves of field-grown plants accumulated higher
concentrations (%w/w dw) than those of hydro-
ponic grown plants in apigenin glycosides (0.25
versus 0.07 %) and total flavonoids (apigenin,
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luteolin and apigenin glycosides) (0.26 versus
0.08 %) but lower amount of aglycone flavonoids
of luteolin and apigenin (0.009 versus 0.012 %),
respectively (Pedneault et al. 2002).

During the flowering period of Achillea mille-
folium, the leaf oil consisted mainly of monoter-
penes (about 80 %);1,8-cineole was the dominant
component (18 %) followed by trans-sabinene
hydrate (10 %) (Figueiredo et al. 1992a). The
sesquiterpene fraction was dominated by ger-
macrene-D (7 %). In the essential oil isolated
from leaves collected during the vegetative phase,
the monoterpene fraction was small (<3 %),
whereas sesquiterpenes amounted to 92 %, ger-
macrene-D being the major component (65 %) of
the oil. Forty-two compounds were identified in
the leaf oil of Cuban A. millefolium; caryophyl-
lene oxide (20 %) was the major volatile constit-
uent (Pino et al. 1998).

The major volatile aroma components of the leaf
(area units divided by 100,000 per g dry matter) was
a-pinene (96) and the rest were detected in very
small to trace amounts: propanal, 2-methyl; butanal,
2-methyl; butanal, 3-methyl; pentanal; o-thujene;
hexanal; [-pinene; sabinene; 1,8-cineole; and
p-cymene (Dokhani et al. 2005). Total phenolics in
the leaves were 32.7 mg/g dm and total tartaric
esters were 11.7 mg/g dm.

Flower Phytochemicals

Three flavones, 5-hydroxy-3,6,7,4'-tetrameth
oxyflavone, artemetin and casticin, were isolated
from the petroleum ether extract of the flowering
heads of Achillea millefolium (Falk et al. 1975).
From the ether extract of Achillea millefolium
flowers, two guaianolides with a peroxide
bridged cyclopentane ring and an a-methylene-y-
butyrolactone structure were isolated and the com-
pounds were designated a-peroxyachifolid and
B-peroxyisoachifolid. Three flavonoid aglycones,
one triterpene, one germacranolide and five
guaianolides were isolated and characterized from
the dichloromethane extract of flower heads of a
Hungarian taxon of the Achillea millefolium group
(Glasl et al. 2002, 2003). Besides apigenin, luteo-
lin and centaureidin, (-sitosterol, 3p-hydroxy-
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11a,13-dihydrocostunolide, —desacetylmatricarin
(= austricin, austrisin), leucodin (= desacetoxy-
matricarin, leucomisin), achillin, 8a-angeloxy-
leucodin and 8a-angeloxy-achillin were isolated.
Eight phenolic compounds—chlorogenic acid and
flavonoids—namely, vicenin-2, luteolin-3',7-di-
O-glucoside, luteolin-7-O-glucoside, rutin, api-
genin-7-0-glucoside, luteolin and apigenin, were
identified in the extracts from yarrow (Achillea
millefolium) flowers (Benetis et al. 2008). The
total amount of the identified phenolics in yarrow
flowers from different populations varied from
13.290 to 27.947 mg/g.

Achillinin A (2f,3pB-epoxy-1a,4p,100-
trihydroxyguai-11(13)-en-12,6a-olide), a new
guaianolide, was isolated from the flower (Li
etal. 2011). Ten 1,10-secoguaianolides were iso-
lated from the flowers of Achillea millefolium
(Li et al. 2012a). Three of them (millifolides
A-C) including two dimeric sesquiterpenoids
exhibit new skeletons. Seco-tanapartholide A
was found to be cytotoxic. Sesquiterpene dimers,
Achillin B and C, were isolated from the flowers
(Li et al. 2012b)

Inflorescences of A. millefolium grown in
the Sibiu district, Romania was found to con-
tain between 0.18 and 0.59 % (mean 0.34 %)
volatile oil (Popescu and Pop-Hakkel 1980).
The azulenes from the oil varied between 1.5
and 19.6 % (mean 7.04 %). The following
components were identified in the volatile oil:
caryophyelene, chamazulene, linalyl, acetate,
bornyl acetate, limonen, 1,8-cineole, linaleol,
borneol, terpineol and geraniol. Two of the
samples showed a different chemical composi-
tion, one of them lacking 1,8-cineole, the other
bornyl acetate. During the flowering period of
Achillea millefolium, the flower oil consisted
mainly of monoterpenes (about 80 %);1,8-cin-
eole was the dominant component followed
secondly by sabinene (15 %) (Figueiredo et al.
1992a). The sesquiterpene fraction was domi-
nated by germacrene-D (0.7 %). The monoter-
pene fraction was dominant in the oils (ca
80 %) from two populations of Achillea mille-
folium L. ssp. millefolium, growing in the
Botanical Garden of Lisbon (BGL) and in the
Caneco Garden of Almada (CGA) (Figueiredo

Asteraceae

et al. 1992b). The main components differed:
sabinene and 1,8-cineole were dominant in
the BGL oils, while camphor, 1,8-cineole and
B-pinene were the main constituents of CGA
oils. Germacrene-D was the major component
of the sesquiterpene fraction of all the oils ana-
lyzed. Chamazulene was only detected in the
oils from the flower heads collected in CGA;
its amount decreases through flower-head
development.

The major volatile aroma flower components
of A. millefolium grown in Iran (expressed as
area units divided by 100,000 per g dry matter)
were o-pinene (1,350), 1,8-cineole (950),
p-pinene (674), sabinene (400), f-pinene (381),
y-terpinene (325), trans-caryophyllene (328),
a-terpinene (205) and bpL-limonene (200)
(Dokhani et al. 2005). Other minor components
included propanal, 2-methyl; butanal, 2-methy];
butanal, 3-methyl; pentanal; «-thujene;
a-fenchene; camphene; hexanal; a-phellandrene;
B-phellandrene; 3,7-dimethyl-1,3,6-octatriene;
p-cymene; o-terpinoline; allocimene, camphor;
trans-caryophyllene; a-humulene, cadinene
isomer; (E)-farnesene; d-cadinene; y-cadinene;
and an unknown terpinene. Total phenolics in
the flowers was 35.7 mg/g dm and total tartaric
esters were 12.9 mg/g dm.

Achillea millefolium L. sensu lato, is a
cytogenetically, morphologically and chemically
polymorphic aggregate (Benedek et al. 2007a).
Besides possessing sesquiterpenes that have
chemotaxonomic relevance and mediate the anti-
phlogistic activity, the plant contains phenolic
compounds such as dicaffeoylquinic acids and
flavonoids causing choleretic and spasmolytic
effects. The investigated species displayed
differences in the quantitative and qualitative
composition of phenolic acids and flavonoids.
The following flavonoids were found in the
flower heads of Achillea species belonging to the
A. millefolium group (Trendafilova et al. 2007):
A. collina, artemetin (1.6 mg), casticin (1.3 mg),
centaureidin (7.4 mg), quercetagetin 6,7,3",4’'-tet-
ramethyl ether (1.0 mg), 6-hydroxykaempferol
3,6,7,4'-tetramethyl ether (1.0 mg), santin
(4.0 mg), pectolinarigenin (1.5 mg) and diosmetin
(1.5 mg); A. asplenifolia, artemetin (6.0 mg),
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casticin (1.7 mg), centaureidin (1.4 mg), quer-
cetagetin 6,7,3",4'-tetramethyl ether (1.1 mg),
6-hydroxykaempferol 3,6,7,4’'-tetramethyl ether
(1.0 mg) and apigenin (3.0 mg); and A. distans,
centaureidin (2.0 mg), santin (1.5 mg), pectoli-
narigenin (1.5 mg), ermanin (1.0 mg), acacetin
(1.3 mg), mixture of diosmetin and chrysoeriol
(1.5 mg) and luteolin (1.5 mg).

Root Phytochemicals

Roots of hydroponic grown plants accumulated
higher concentrations (%w/w dw) than those of
field-grown plants in apigenin glycosides (1.91
versus 0.49 %) and total flavonoids (apigenin,
luteolin and apigenin glycosides) (1.92 versus
0.51 %) but lower amount of aglycone flavonoids
of luteolin and apigenin (0.007 versus 0.014 %),
respectively (Pedneault et al. 2002).

The various pharmacological activities of
Achillea millefolium species may be due to the
presence of a broad range of secondary active
metabolites in the essential oils and extracts of
various plant parts such as flavonoids, phenolic
acids and dicaffeoylquinic acids, coumarins,
proazulenes, monoterpenes, sesquiterpenes, ses-
quiterpene lactones, diterpenes, triterpenes and
sterols (Chandler et al. 1982b; Nemeth and
Bernath 2008; Saeidnia et al. 2011). The largest
number of data accumulated for antioxidant and
antiinflammatory effects, and there are positive
results on the analgesic, antiulcer, choleretic,
hepatoprotective and wound-healing activities
(Nemeth and Bernath 2008). Interesting findings
have highlighted antihypertensive, antidiabetic,
antitumor and antispermatogenic activities.
Recent findings have confirmed several tradi-
tional uses. However, human clinical studies are
still warranted.

Antioxidant Activity
Achillea millefolium essential oil strongly

reduced the diphenylpicrylhydrazyl radical
(IC5y=1.56 pg/ml) and exhibited hydroxyl radi-
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cal scavenging effect in the Fe*-EDTA-H,0,
deoxyribose system (ICso=2.7 pg/ml) (Candan
et al. 2003). It also inhibited the nonenzy-
matic lipid peroxidation of rat liver homoge-
nate (ICso=13.5 pg/ml). Eucalyptol, camphor,
o-terpineol, fB-pinene and borneol were the
principal components comprising 60.7 % of the
oil. The polar phase of the methanol extract also
showed antioxidant activity. Antioxidant activity
in terms of TEAC (pM trolox/100 g DW) of
A. millefolium herb reported was 11.2 pM for
ABTS, 200 pM for DPPH and 191 pM for FRAP
(ferric reducing antioxidant power) assays
(Wojdyto et al. 2007). Total phenolic content was
9.55 mg GAE/100 g DW.

Studies showed that all plant infusions of
15 Achillea species were effective on antioxi-
dant enzyme systems of erythrocytes and leu-
cocytes when compared with the hydrogen
peroxide-induced group (Konyalioglu and
Karamenderes 2005). Among the plant infu-
sions, Achillea millefolium subsp. pannonica
showed highest activity on superoxide dis-
mutase. The methanol and aqueous extracts of
Achillea millefolium exhibited DPPH radical
scavenging activity with 75 and 50.8 % inhibi-
tion, respectively (Eghdami and Sadeghi
2010). The extracts contained 123.9 and
48.4 mg GAL/g total phenolic content and
41.2 and 13.15 mg QE/g flavonoids, respec-
tively. The methanol extract of A. millefolium
and its flavonol glycosides and chlorogenic
acids exhibited significant antioxidant proper-
ties as measured by free-radical scavenging
activity against 2,2-diphenyl-pycrilhydrazyl,
total antioxidant capacity (based on the reduc-
tion of Cu?* to Cu*), and ability to inhibit lipid
peroxidation as measured by TBARS assay
(Vitalini et al. 2011). The results from the
TBARS assay showed that among the com-
pounds isolated, only luteolin 7-O-glucoside
and apigenin 7-O-glucoside displayed an activ-
ity somewhat comparable to that of chloro-
genic acid, even at the lowest concentration
tested (1 pM); all the other phenolic com-
pounds were able to inhibit the TBARS forma-
tion only at the highest concentration tested
(10 pM). Total antioxidant capacity (%) (DPPH
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scavenging activity) of yarrow aerial plant
parts was 8.29 % and contribution from the
main caffeoyl derivatives was as follows: chlo-
rogenic acid 10.01 %, 3,5-DCQA (dicaf-
feoylquinic acid) 33.17 %, 1,5-DCQA 13.63 %,
4,5-DCQA 4.99 %, total caffeoyl derivatives
61.80 % (Fraisse et al. 2011).

An on-line HPLC-DPPH assay showed that
Achillea millefolium possessed significant anti-
radical activity attributable to the presence of
active phenolic compounds (Trumbeckaite et al.
2011). Its phenolic compounds had no effect on
mitochondrial State 3 respiration rate. The extract
at concentrations that had no effect on the State 3
respiration rate significantly decreased H,O, pro-
duction in mitochondria.

Vahid et al. (2012) conducted a randomized
controlled trial involving 31 chronic kidney dis-
ease patients; 16 were administered 1.5 g of pow-
dered A. millefolium flower 3 days a week for
2 months and 15 received placebo for the same
period. They found that countercurrent to the pla-
cebo group, plasma nitric oxide metabolites,
were marginally decreased after A. millefolium
administration in chronic kidney disease patients.
Nitric oxide-scavenging properties had been
reported with some Achillea species.

Anticancer Activity

Three sesquiterpenoids, achimillic acids A, B
and C, were found to be active against mouse
P-388 leukemia cells in vivo (Tozyo et al. 1994).
The flavonoid casticin, derived from Achillea
millefolium, was found to have antitumor activity
(Hatidara et al. 2006). Casticin caused cell growth
arrest in G2/M and inapoptotic death. As a
tubulin-binding agent (TBA), Casticin induced
p21, which in turn inhibited Cdk1. Further, casti-
cin appeared to downregulate cyclin A. Following
casticin exposure, Bcl-2 depletion occurred in
cancer cells, and a sub-G1 accumulation occurred
in the cell cycle. A number of features suggested
that casticin could be important in cancer therapy
as Pgp-overexpressing cells were not resistant to
casticin, and its cell killing effect was observed
even in p53 mutant or null cell lines.
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The chloroform-soluble extract of aerial parts of
the Achillea millefolium aggregate exerted high
tumour cell proliferation inhibitory activities on cer-
vical cancer HeLa and breast cancer MCF-7 cells
and a moderate effect on human epithelial carci-
noma A431 cells (Csupor-Loffler et al. 2009). In the
antiproliferative assay centaureidin was the most
effective constituent of the aerial parts of yarrow,
exhibiting high cell growth inhibitory activities
especially on HeLa (ICs, 0.0819 pm) and breast
cancer MCF-7 (ICs, 0.1250 pm) cells. Casticin and
paulitin were also highly effective against all three
tumour cell lines (ICs, 1.286—4.76 pm), while api-
genin, luteolin and isopaulitin proved to be moder-
ately active (IC5, 6.95-32.88 pm). Artemetin,
psilostachyin C, desacetylmatricarin and sintenin
did not display antiproliferative effects against these
cell lines.

Achillinin A isolated from the flower exhib-
ited potential antiproliferative activity to adeno-
carcinomic human alveolar basal epithelial A549,
human lung adenocarcinoma RERF-LC-kj and
human lung carcinoma QG-90 cells with 50 %
inhibitory concentration (ICs,) values of 5.8, 10
and 0.31 pM, respectively (Li et al. 2011). Seco-
tanapartholide A isolated from the flower, exhib-
ited moderate cell growth inhibitory activity in
vitro against the human cancer cell line MCF7
(IC5=5.51 pm) (Li et al. 2012a).

Antiinflammatory Activity

A water-soluble protein—carbohydrate complex
isolated from the aqueous extract of Achillea
millefolium flowers, at a dose of 40 mg/kg,
exerted antiinflammatory activity as measured
by the mouse paw edema test (Goldberg et al.
1969).

The crude plant extract of A. millefolium and
its flavonoid fraction inhibited human neutrophil
elastase (HNE) with ICs, values of approximately
20 pg/ml, whereas the dicaffeoylquinic acids frac-
tion was less active (ICso=72 pg/ml) (Benedek
et al. 2007b). The inhibitory activity on matrix
metalloproteinases (MMP-2 and -9) was observed
at IC5, values from 600 to 800 pg/ml, whereas the
DCQA fraction showed stronger effects than the
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flavonoid fraction and the extract. The scientists
concluded that the in-vitro antiphlogistic activity
of Achillea was at least partly mediated by inhibi-
tion of HNE and MMP-2 and MMP-9.

Aqueous extract from Menyanthes trifoliata
induced a suppressive phenotype of dendritic
cells that had reduced capacity to induce Th1 and
Th17 stimulation of allogeneic CD4(+) T cells,
whereas aqueous extract from Achillea millefo-
lium reduced the capacity of dendritic cells to
induce a Th17 response (Jonsdottir et al. 2011).
Both Thl and Th17 cells had been implicated in
the pathogenesis of inflammatory bowel disease
and experimental colitis.

Hepatoprotective Activity

Pretreatment of mice with Achillea millefolium
crude extract (150-600 mg/kg) significantly pre-
vented D-galactosamine (D-GalN- and lipopoly-
saccharide (LPS)-induced rise in plasma alanine
aminotransferase (ALT) and aspartate amino-
transferase (AST) levels (Yaeesh et al. 2006).
The hepatoprotective effect of the extract was
further verified by histopathology of the liver,
which showed improved architecture, absence of
parenchymal congestion, decreased cellular
swelling and apoptotic cells, compared with
(d-GalN) and LPS groups of animals. In isolated
rabbit jejunum preparations, the extract caused a
concentration-dependent (0.3-10 mg/ml) relax-
ation of both spontaneous and K*-induced
contractions as well as shifting the Ca?* concen-
tration-response curves (CRCs) to the right, simi-
lar to that caused by verapamil. These results
indicated that the crude extract of Achillea mille-
folium exhibited a hepatoprotective effect, which
may be partly attributed to its observed calcium
channel blocking activity.

Spasmolytic Activity

The flavonoid fraction of Achillea millefolium
exhibited spasmolytic activity on isolated termi-
nal guinea pig ilea (Lemmens-Gruber et al. 2006).
The aglycones quercetin, luteolin and apigenin
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exhibited the highest antispasmodic activities
with 1Cs, values of 7.8, 9.8 and 12.5 pmol/l,
respectively. Rutin and the flavonoid metabolites
homoprotocatechuic acid and homovanillic acid
showed no significant effects on contractility of
the terminal ilea. They concluded that in tea pre-
pared from yarrow, the concentration of the flavo-
noids was high enough to exert a spasmolytic
effect in the gut, which was mainly caused by
blockade of the calcium inward current, but addi-
tionally also by mediator antagonistic effects. In
another study, Achillea millefolium hydroalco-
holic extract inhibited electrical induced contrac-
tions of the isolated guinea pig ileum in a
dose-dependent manner with ECs, value of
1.5 mg/ml (Babaei et al. 2007).

Choleretic Activity

A fraction of a 20 % methanol yarrow (Achillea
millefolium) extract enriched in 3,4-, 3,5- and 4,5-
DCCA dicaffeoylquinic acids (DCCAs) and
luteolin-7-O-B-p-glucuronide was found to have
choleretic effect in isolated perfused rat liver
(IPRL) (Benedek et al. 2006). The fraction caused
a dose-dependent increase in bile flow (23-44—
47 %). Choleresis was two- to three-fold higher
than that of cynarin, the main choleretic compound
of Cynara scolymus, used as internal standard. The
combined effect of DCCAs and luteolin-7-O-f-p-
glucuronide stimulated bile flow more effectively
than the single compound cynarin. Due to their
polar structure, these compounds are quantita-
tively extracted into teas and tinctures.

Estrogenic Activity

A crude extract of the aerial parts of A. millefolium
exhibited estrogenic activity in-vitro in recombi-
nant MCF-7 cells (Innocenti et al. 2007). After
fractionation of the crude extract, nine compounds
were isolated and characterized: dihydrodehyd-
rodiconiferyl alcohol 9-O-B-p-glucopyranoside, a
glycosyl-neolignan; six flavone derivatives, api-
genin, apigenin-7-O-f-p-glucopyranoside, luteo-
lin, luteolin-7-O-p-p-glucopyranoside, luteolin-
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4’-0-p-p-glucopyranoside, rutin; and two caffeic
acid derivatives, 3,5-dicaffeoylquinic acid and
chlorogenic acid. Apigenin and luteolin were the
most important estrogenic compounds among
those tested, for their ability to activate alpha or
beta oestrogen receptors (ERalpha, ERbeta) using
transiently transfected cells.

Antiulcerogenic Activity

Oral administration of rats with a hydroalcoholic
extract of Achillea millefolium (30, 100 and
300 mg/kg) inhibited ethanol-induced gastric
lesions by 35, 56 and 81 %, respectively (Potrich
et al. 2010). Oral treatment with the extract (1 and
10 mg/kg) reduced the chronic gastric ulcers
induced by acetic acid by 43 and 65 %, respec-
tively, and promoted significant regeneration of
the gastric mucosa after ulcer induction denoting
increased cell proliferation, which was confirmed
by PCNA (proliferating cell nuclear antigen)
immunohistochemistry. The extract prevented the
reduction of glutathione levels and superoxide
dismutase activity after acetic acid-induced gas-
tric lesions. The results suggested that the antioxi-
dant properties of the hydroalcoholic extract may
contribute to its gastroprotective activity.

Aqueous extract of A. millefolium aerial parts
was found to be effective in protecting the gas-
tric mucosa against acute gastric lesions induced
by ethanol and indomethacin and in healing
chronic gastric lesions induced by acetic acid
with (EDsy = 32 mg/kg, p.o.) (Cavalcanti et al.
20006). Safety study showed slight changes in
liver weight, cholesterol, HDL-cholesterol and
glucose observed in male and female Wistar rats
that were not correlated with dose or time of
exposure of the animals. The results showed the
antiulcer potential of Achillea millefolium extract
that was accompanied by signs of relevant toxic-
ity even at very long chronic exposure.

Immunomodulatory Activity
Achillea millefolium essential oil and 70 % crude

ethanol leaf extract modulated the activation
peritoneal macrophages cells from Swiss mice by
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weakly increasing nitric oxide (NO), at concen-
trations of 20, 10 and 5 mg/ml, compared to LPS
(lipopolysaccharide-potent stimulator of NO pro-
duction) (Lopes et al. 2003). They also reported
A. millefolium essential oil was able to stimulate
peritoneal macrophages to produce H,O, and
TNF-o without causing an overproduction of
these compounds in peritoneal macrophages cells
from Swiss mice, suggesting that the essential oil
could modulate macrophages activation (Lopes
et al. 2005).

Three glycosylated phenolic compounds,
luteolin 7-O-glucoside, apigenin 7-O-glucoside
and caffeic acid glucoside, were isolated from
the methanol extract of aerial parts of Achillea
millefolium (Yassa et al. 2007), and the immu-
nological properties of different fractions of
plant extract were studied on humoral immune
system of BALB/c mice using microhaemagglu-
tination test. Only two fractions at 125 and
61.5 mg/kg showed a significant decrease in the
anti-SRBC (sheep red blood cell) titer of mice.
The immunological properties of the fractions
may be attributed to glycosylated derivatives of
caffeic acid.

Spasmogenic Activity

A water extract of dried flower heads of A. mille-
folium exerted a direct spasmogenic effect on
mouse and human gastric antrum (Borrelli et al.
2012). Among its constituents, choline, but not
the flavonoids rutin and apigenin, mimicked the
spasmogenic action. The authors concluded that
the prokinetic effect of A. millefolium extract
observed in vivo could provide the pharmaco-
logical basis underlying its traditional use in the
treatment of dyspepsia.

Vasoprotective Activity

Achillea millefolium extract was found to enhance
primary rat vascular smooth muscle cells by
partly acting through oestrogen receptors and
impairing NF-xB signalling in human umbilical
vein endothelial cells (HUVECs) (Dall’Acqua
et al. 2011). The results suggested that the extract
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may have vasoprotective effect against vascular
inflammation.

Antiplasmodial Activity

Among the phenolic compounds isolated from
A.  millefolium methanol extract, apigenin
7-0-glucoside and luteolin 7-O-glucoside were
the most active against both strains of Plasmodium
falciparum (Vitalini et al. 2011). The chlorogenic
acids were completely inactive.

Hemostatic Activity

A glycoalkaloid, achilleine, isolated from the
leaves was found to reduce clotting time in rab-
bits by 37 % (Miller and lee 1954).

Antinociceptive Activity

The hydroalcohol extract of Achillea millefolium
(500 and 1,000 mg/kg) significantly inhibited
abdominal contortions by 65 and 23 %, respec-
tively, whereas Artemisia vulgaris (500 and
1,000 mg/kg) inhibited them by 48 and 59 %,
respectively (Pires et al. 2009). None of the
extracts produced differences in the intestinal
transit in mice, nor in the response time in the hot
plate or in the immediate or late responses in the
formalin test. Both hydroalcohol extracts showed
the same flavonoid glycoside as a principal con-
stituent, which was identified as rutin. A high
content of caffeic acid derivatives were also
found in both extracts.

Hypotensive and Vaso- and
Bronchodilatory Activities

The oral administration of A. millefolium hydro-
ethanol extract (100-300 mg/kg), dichlorometh-
ane fractions (20and 10-30 mg/kg), but not ethyl
acetate fraction (10 mg/kg) and butanolic fraction
(50 mg/kg) fractions significantly reduced the
mean arterial pressure (MAP) of normotensive
rats (De Souza et al. 2011). The dichloromethane
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fractions were found to contain high amounts of
artemetin which when administered by either oral
(1.5 mg/kg) or intravenous (0.15-1.5 mg/kg)
to rats was able to dose-dependently reduce
the MAP. Intravenous injection of artemetin
(0.75 mg/kg) significantly reduced the hyperten-
sive response to angiotensin I while increasing
the average length of bradykinin-induced
hypotension. Artemetin (1.5 mg/kg, p.o.) was also
able to reduce plasma (about 37 %) and vascular
(up to 63 %) angiotensin-converting enzyme
activity in-vitro, compared to control group.

The crude extract of Achillea millefolium
caused a dose-dependent (1-100 mg/kg) fall in
arterial blood pressure of rats under anaesthesia
(Khan and Gilani 2011). In spontaneously beat-
ing guinea pig atrial tissues, the extract exerted
negative inotropic and chronotropic effects.
In isolated rabbit aortic rings, the extract (0.3—
10 mg/ml) relaxed phenylephrine and high K*-
induced contractions. In guinea pig tracheal
strips, the extract suppressed carbachol and K* -
induced contractions. The results indicated that
A. millefolium extract exhibited hypotensive,
cardiovascular inhibitory and bronchodilatory
effects and thus elucidated its use in hyperactive
cardiovascular and airway disorders, such as
hypertension and asthma.

Skin-Rejuvenating Activity

Studies showed that Achillea millefolium extract
improved expression profile of various epidermal
differentiation markers: cytokeratin 10, transglu-
taminase-1 and filaggrin in cultured skin biopsies
as well as increased epidermal thickness (Pain
et al. 2011). In-vivo, a 2-month treatment with
2 % A. millefolium extract significantly improved
the appearance of wrinkles and pores compared
with placebo. Results were also directionally bet-
ter than those of glycolic acid that was chosen as
reference resurfacing molecule.

Anxiolytic Activity

Studies in mice showed that Achillea millefo-
lium exerted anxiolytic-like effects in the
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elevated plus-maze and marble-burying test
after acute and chronic (25 days) oral adminis-
tration at doses that did not alter locomotor
activity (Baretta et al. 2012). This behavioral
profile was similar to diazepam. The effects of
Achillea millefolium in the elevated plus-maze
were not altered by picrotoxin pretreatment
but were partially blocked by flumazenil.
Further, Achillea millefolium did not induce
any changes in [(3)H]-flunitrazepam binding to
the benzodiazepine (BDZ) site on the GABA(A)
receptor indicating that the anxiolytic-like
effects were likely not mediated by GABA(A)/
BDZ neurotransmission.

Antimicrobial Activity

Achillea millefolium essential oil showed
antimicrobial activity against Streptococcus
pneumoniae, Clostridium perfringens, Candida
albicans, Mycobacterium smegmatis, Acine-
tobacter lwoffii and Candida krusei, while water-
insoluble parts of the methanol extracts exhibited
slight or no activity (Candan et al. 2003). Achillea
millefolium oils exhibited the antifungal activity
against Candida albicans, C. tropicalis, C. krusei,
C. guillermondii, C. parapsilosis, Cryptococcus
neoformans, Aspergillus niger, A. fumigatus, A.
flavus and dermatophytes Trichophyton rubrum,
T. mentagrophytes, T. mentagrophytes var. inter-
digitale, T. verrucosum, Microsporum canis, M.
gypseum and  Epidermophyton  floccosum
(Falconieri et al. 2011). The oils showed the
highest activity against dermatophyte strains,
with MIC values ranging from 0.32 to 1.25 pl/ml.

Cyclophosphamide Toxicity
Amelioration Activity

Studies showed that Achillea millefolium
inflorescence aqueous extract may be partially
protective against cyclophosphamide-induced
testicular toxicity in male Wistar rats (Jalali
et al. 2012). Cyclophosphamide-treated rats
showed significant decreases in the body, testes
and epididymides weights as well as many his-
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tological alterations. Stereological parameters,
spermatogenic activities and testicular antioxi-
dant capacity along with epididymal sperm
count and serum testosterone concentration
were also significantly decreased by cyclophos-
phamide. Co-treatment with A. millefolium
extract caused a partial recovery in above-men-
tioned parameters.

Anticonflict Behaviour Activity

Molina-Hernandez et al. (2004) found that
anticonflict-like behaviour actions of aqueous
extract of Achillea millefolium flowers in female
Wistar rats may vary according to the oestrous
cycle phase. Doses of 8.0, 10.0, or 12.0 mg/kg of
the extract reduced conflict behaviour during late
proestrus. Conversely, during diestrus, only the
dose of 12.0 mg/kg reduced conflict behaviour.
During late proestrus, control rats displayed
reduced conflict behaviour compared with diestrus.
Diazepam (2.0 mg/kg; i.p.) reduced conflict behav-
iour both during late proestrus or diestrus.

Anthelmintic Activity

In-vitro studies revealed significant anthelmintic
effects of aqueous extracts and ethanol extracts
on live Haemonchus contortus worms as evident
from their paralysis and/or death at 8 hours post-
exposure (Tariq et al. 2008). Aqueous extracts of
A. millefolium resulted in a mean worm motility
inhibition of 94.44 %, while ethanol extracts
resulted in mean worm motility inhibition of
88.88 %. The mean mortality index of aqueous
extracts was 0.95 while for ethanol extracts it
was 0.9. The lethal concentration 50 was
0.05 mg/ml for aqueous extracts and 0.11 mg/ml
for ethanol extracts. The in-vivo anthelmintic
activity of aqueous and ethanol extracts of
A. millefolium demonstrated a maximum
(88.40 %) nematode egg count reduction in
sheep treated with aqueous extracts at 2 g/kg
body weight on day 15 after treatment and
76.53 % reduction in faecal egg count for the
ethanol extract at the same concentration.
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Insecticidal Activity

A methanol extract of Achillea millefolium
exhibited activity against 24-h-old larvae of
Aedes triseriatus (Lalonde et al. 1980). The
active principle was found to be the antilarval
N-(2-methlpropyl)-(E, E)-2,4-decadienamide.
Isolated and synthesized amides at 5 ppm
resulted in 98 and 100 % mortality of 24-h-old
A. triseriatus larvae. The N-(2-methylpropyl)-
amides of decanoic and (FE)-2-decenoic acids
showed the same order of antilarval activity as
N-(2-methylpropyl)-(E,E)-2,4-decadienamide,
but N-(2-methylpropyl)sorbamide was inactive.

An ethanol extract of Achillea millefolium
showed repellant activity against the mosquito,
Aedes aegypti (Tunén et al. 1994). Of 35 com-
pounds isolated from fractions of the extract,
the most active were the nitrogen-containing
compound stachydrine; the carboxylic acids,
caffeic, chlorogenic and salicylic acids; and the
phenolic compound pyrocatechol. They showed
a distance and contact-repelling activity similar
to the well-known repellent N,N-diethyl-m-
toluamide (DEET) at about the same concentra-
tions. Some further substances with lower activity
were characterized for the first time in A. millefo-
lium, i.e., adenine, ferulic and mandelic acid and
the methyl esters of caprylic acid, linolenic acid
and undecylenic acid.

Antileishmanial Activity

Studies showed that Achillea millefolium
hydroalcoholic extract was effective for treat-
ment of cutaneous leishmaniasis in mice
(Nilforoushzadeh et al. 2008). Leishmaniasis
is a parasitic disease transmitted by sand flies.
The extract was more effective than glucan-
time. Mean of ulcer size reduction was
43.29 %. The essential oil from the leaves and
flowers of Achillea millefolium was found to
have antileishmanial activity in vitro (Santos
et al. 2010). The median inhibitory concentra-
tion (ICsy) against Leishmania amazonensis
promastigotes was 7.8 pg/ml, whereas the sur-
vival of amastigotes of this pathogen, within
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peritoneal murine macrophages, was halved by
treatment with the oil at 6.5 pg/ml. The mean
value for the median cytotoxic concentration
of the oil, measured against adherent (unin-
fected) J774G8 macrophages, was 72.0 pg/ml
(i.e., 9.2 and 11.0 times higher, respectively,
than the ICs, against the promastigotes and
intracellular amastigotes). Scanning and trans-
mission microscopy studies showed that the oil
caused alterations in shape, size and ultrastruc-
tural changes.

Trypanocidal activity

Treatment with A. millefolium essential oil inhib-
ited the growth of Trypanosoma cruzi epimasti-
gote and bloodstream trypomastigote forms
(Santoro et al. 2007) but was less effective than
clove oil.

Antifertility (Antispermatogenic)
Activity

The ethanol extract (200 mg/kg/day, intraperito-
neally, for 20 days) and a hydroalcoholic extract
(300 mg/kg/day, orally, for 30 days) of Achillea
millefolium flowers exerted antispermatogeic
effect in Swiss mice (Montanari et al. 1998). The
alterations observed were exfoliation of imma-
ture germ cells, germ cell necrosis and seminifer-
ous tubule vacuolization. Animals treated with
the extracts had an increased number of meta-
phases in the germ epithelium that might be due
to cytotoxic substances or substances stimulating
cell proliferation. Studies showed that adminis-
tration A. millefolium extract at a dose of 800 mg/
kg by intraperitoneal (IP) injection or through
gavage to male Wistar rats for 22 days exerted
temporary antispermatogenic effect on treated
rats (Takzare et al. 2011). IP resulted in thick-
ened seminiferous tubules on basal membrane,
decrease in cell accumulation in seminiferous
tubule, severe disarrangement, degenerative cells
and severe decrease in sperm count. Oral admin-
istration caused thickening of basal membrane
and cell disarrangement.
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Toxicity/Genotoxicity Studies

A. millefolium, 0.35 and 3.5 mg/ml, did not cause
statistically significant inhibition of cellular divi-
sion in the onion root-tip cells (Teixeira et al.
2003). No statistically significant alterations were
found, as compared to untreated controls, in either
the cell cycle or the number of chromosome alter-
ations, after treatments with A. millefolium, in rat
cells or in cultured human lymphocytes. These
results regarding the cytotoxicity and mutagenic-
ity of A. millefolium provide valuable information
about the safety of using them as therapeutic
agents. Reproductive evaluation of aqueous crude
extract of Achillea millefolium administered daily
(0.3, 0.6 and 1.2 g/kg/day) during 90 days to male
Wistar rats revealed no clinical signs of toxicity
(in reproductive organ weights, sperm and sper-
matid numbers) over the treatment period, and
body weight gain was similar in all groups
(Dalsenter et al. 2004). A significant increase in
the percentage of abnormal sperm in the group
treated with the highest dose of yarrow extract
was detected with no other important changes in
the other reproductive endpoints. Additionally, a
3-day treatment of immature female rats with yar-
row extract did not show any uterotrophic effects.
Animal studies had shown yarrow to be generally
safe and well tolerated but more human clinical
studies were warranted (Applequist and Moerman
2011). The claim that yarrow had been shown to
be specifically contraindicated during pregnancy
was based on a single low-quality rat study, the
results of which were incorrectly interpreted.

A. millefolium essential oil exhibited genotox-
icity in a heterozygous diploid strain of
Aspergillus nidulans, with green conidia (de
Sant’anna et al. 2009). A statistically significant
increasing number of yellow and white mitotic
recombinants, per colony, of the diploid strain
was reported after oil treatment with 0.19 and
0.25 pl/ml concentrations. The genotoxicity of
the oil was associated with the induction of
mitotic nondisjunction or crossing over.

The Final report on the Safety Assessment of
Yarrow (Achillea millefolium) concluded that
available published data were insufficient to
support the safety of yarrow extract for use in cos-
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metic products (Anonymous 2001b). The follow-
ing data were still required: (1) ultraviolet (UV)
absorption data, if absorption occurs in the UVA
or UVB range, photosensitization data are needed;
(2) gross pathology and histopathology in skin
and other major organ systems associated with
repeated exposures; (3) reproductive and develop-
mental toxicity data; (4) two genotoxicity studies,
one using a mammalian system, if positive, a
2-year dermal carcinogenicity assay performed
using National Toxicology Program (NTP) meth-
ods may be needed; and (5) clinical sensitization
testing at maximum concentration of use.

Allergy Problems

Alpha-peroxyachifolid, a soluble component
of yarrow was found to cause allergic contact
dermatitis (Riicker et al. 1991). Alpha-
peroxyachifolid was found to be a strong sensitizer
in guinea pig sensitization experiments (Hausen
et al. 1991). Other minor sesquiterpene lactones
also contribute marginally to the sensitizing activ-
ity, while other known yarrow constituents like
dehydromatricaria ester and pontica epoxide
appeared to play no role.

Traditional Medicinal Uses

Yarrow (Achillea millefolium L.) is one of the most
widely used plants in folk medicine in the world
since antiquity. Yarrow is regarded as antiseptic,
antispasmodic, mildly aromatic, astringent,
carminative, cholagogue, diaphoretic, digestive,
emmenagogue, odontalgic, stimulant, bitter tonic,
vasodilator and vulnerary (Grieve 1971; Bown
1995; Chopra et al. 1986). It is has been used for
treating wounds, inflammation, pain, liver disor-
ders, gastritis disorders, amenorrhea, bowels,
bleeding, hypertension, menstrual pains, dyspep-
sia, eczema, gum ailments, influenza, fevers and
colds, catarrh, chicken pox, smallpox, measles,
cystitis, diabetes, kidney diseases, menorrhagia,
toothache, thrombosis, ulcers, varicose veins, lung
haemorrhage, arthritis and poor vision (Grieve
1971; Chandler at el. 1982a, b; Duke and Ayensu
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1985; Chopra et al. 1986; Bown 1995; Chevallier
1996). Yarrow is traditionally used against inflam-
matory and spasmodic gastrointestinal complaints,
digestive problems, respiratory infections, hepato-
biliary disorders, blood purification, as an appetite
enhancing drug, against skin inflammations and
for wound healing due to its antiphlogistic, chole-
retic and spasmolytic properties and, secondarily,
among other uses, for liver disease and as a mild
sedative (Benedek and Kopp 2007; Benedek et al.
2008; Applequist and Moerman 2011). The main
pharmacologically active principles were shown
to be the essential oil (antimicrobial), proazulenes
and other sesquiterpene lactones (antiphlogistic),
dicaffeoylquinic acids (choleretic) and flavonoids
(antispasmodic) (Benedek et al. 2008). Yarrow is
used in folk medicine as an emmenagogue
(Innocenti et al. 2007).

A. millefolium is employed for the treatment
of many different ailments in Iran (Kokkini et al.
2004); in West Azerbaijan, Iran, the infusion of
dried flowers is recommended for the treatment
of haemorrhoids, dyspepsia, dysmenorrhoea and
gastritis (Miraldi et al. 2001); in the Parvati val-
ley, west Himalaya, India, leaves and flowers are
employed for gastric problems and fever (Sharma
et al. 2004). Yarrow (Achillea millefolium L. s.1.)
Achillea millefolium has a long history of use as
traditional herb medicine even in veterinary med-
icine (Eghdami and Sadeghi 2010). Preparations
in the form of infusions, decoctions, or fresh
juices have been applied against anorexia, stom-
ach cramps, flatulence, gastritis, enteritis, inter-
nal and external bleeding (coughing blood,
nosebleed, haemorrhoidal and menstrual bleed-
ing, bloody urine), wounds, sores, skin rash, as
well as dog and snake bites. Yarrow has been
used internally, usually as a tea, and externally as
a lotion, ointment or poultice (Grieve 1971;
Chandler et al. 1982a).

Yarrow has been used by native American
Indians for treating bruises, burns, neck cramps,
sprains and swollen tissues; healing wounds;
and providing relief from rashes and itching of
various causes (Chandler et al. 1982a). The
plant was also a popular febrifuge and enjoyed
some use in the treatment of the common colds,
bloody urine, indigestion, bowel complaints,
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earache, headache, sore throat, toothache, spit-
ting blood, haemorrhage and haemorrhoids. A
number of its minor uses indicate that the plant
is capable of imparting an analgesic (local
anaesthetic), abortive and/or antiinflammatory
effect and as an emmenagogue, laxative, tonic,
stimulant, eyewash, sleep aid, liver aid and kid-
ney aid.

Other Uses

Yarrow can be used as ground cover plant to
combat soil erosion as it spreads rapidly and is
drought resistant. It is also used as a companion
plant as it repels bad insect pests and attracts ben-
eficial predatory insects, such as ladybird beetle
and parasitic wasps. The plant has been burnt in
order to ward off mosquitoes. The plant and
leaves can be used as compost and the leaves
soaked in water to prepare a liquid leaf fertilizer
for plants. The leaves contain essential oil and
have been used as a cosmetic cleanser for greasy
skin. The dried flowers and fresh foliage make
attractive additions to floral arrangements.
Yellow and green dyes are extracted from the
flowers. The fragrant seeds have been used to
impart a pleasant odour indoors.

Comments

In Australia, yarrow (Achillea millefolium) is
deemed an environmental weed in Victoria, the
ACT, and the southern parts of New South Wales.
Though this species is naturalized in many parts
of southern Australia, it is only considered to be
a serious problem in the alpine and highland
regions of southeastern Australia.
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Acmella oleracea

Scientific Name

Acmella oleracea (L.) R.K. Jansen

Synonyms

Anacyclus pyrethraria (L.) Spreng., Bidens fer-
vida Lam., Bidens fusca Lam., Cotula pyre-
thraria L., Isocarpha pyrethraria (L.) Cass.,
Pyrethrum  spilanthus  Medik., Spilanthes
acmella auct. non (L.) Murr., Spilanthes acmella
var. oleracea (L.) C.B.Clarke, Spilanthes
acmella var. oleracea (L.) C.B.Clarke ex
Hook.f., Spilanthes fusca hort.par. ex Lam.,
Spilanthes oleracea var. fusca (Lam.) DC.,
Spilanthes radicans Schrad. ex DC. (Illeg.)

Family

Asteraceae

Common/English Names

Brazil Cress, Eyeball Plant, Para Cress, Peek-A-
Boo Plant, Perennial Para Cress, Spot Flower,
Toothache Plant

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers,

Vernacular Names

Brazil: Abecedaria, Agrido-Do-Pard, Jambu,
Jambd, Jambu-Acu, Jambt Do Rio, Pimenteira
(Portuguese)

Burmese: Hankala

Catalan: Creixans Del Para

Chinese: Jin Chou Kou, Liu Shen Cao, Qian Ri
Ju, Yin Du Jin Niu Kou

Cuba: Cabrito

Czech: Plamatka

Danish: Parakarse

Dutch: ABC-Kruid, Braziliaanse
Huzarenknoop, Paratuinkers

Estonian: Harilik Noopkakar

Fiji: Mbotembotekoro

Finnish: Parakrassi, Spilantes

French: Brede Mafane, Cresson De Para, Spilanthe
Des Potagers, Cresson De Para, Cresson Du
Brazil Cresson Du Para, Spilanthe Des Potagers

German:  Husarenknopfblume, Parakresse,
Prickelknopfchen, Prickelblume

Hungarian: Abécefli, Huszargomb, Szenyefi

India: Pirazha (Assamese), Akarkar, Pipulka
(Hindi), Hemmugalu (Kannada), Leishabi
(Manipuri), Acharbomdi, Akalkarra, Pipu-
Labo (Marathi), Tefu Mozitang (Naga,
Changki), Sarahattika (Sanskrit), Vana-Mugali
(Tamil)

Cresson,
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Indonesia: Gletang, Legetan, Sarunen, Saruni

(Javanese), Jotang (Sundanese), Gatang
(Sumatra)

Italian: Spilante

Japanese: Hokoso, Kibana-Oranda-Senniti,

Oranda-Senniti

Korean: Parakuresu

Laos: Kh’aad

Lithuanian: Spilanté, Indieny Kresonas

Madagascar: Bréde Mafana, Bréedes Mafanes
(Erench)

Malaysia: Getang, Kerabu, Pokok Getang, Pokok
Jotang

Nepal: Bhuin Timur, Lato ghans, Marati, Purpure
jhar

Peru: Botoncillo, Boton De Oro, Chimaya,
Cobiriqui, Contrayerba, Deflamatoria, Mata
Gusanos, Somam, Yerba Del Espanto, Yuyo
Quemada

Philippines: Dila-Dilag (Ifugao), Biri (Igorot),
Gatang-Gatang, Pilet-Pilet (Sulu)

Portuguese: Agridao-Do-Brasil, Agrido Do
Para, Berro De Para, Botdao-De-Ouro, Boton
De Oro, Cabrito, Espilanto, Hierba Del
Espanto, Inambu, Jambd, Jambid Do Rio,
Jambuagu, Jamburana, Nambu, Nhambu,
Pimenteira, Pimenteira Do Para, Remedio
De Los Pobres

Reunion Islands: Brede Mafane (French)

Russian: Spilantes, Maslyanyj Kress, Brazilski
Kress

Spanish: Jambu

Sri Lanka: Akmaella (Sinhala), Akkirakara
(Tamil)

Swedish: Parakrasse, Tandvirksplanta

Thai: Phak Khrat, Phak Phet, Phak tumhu,
Phakkhraathuahaeun, Ya tumhu

Vietnamese: Cuic Ao, Cuc Nut Ao, Niic Ao Rau,
Rau Cic Ao

Origin/Distribution

The plant is native to Brazil. It has been intro-
duced across the tropics, and in Africa, escapes
from cultivation have been reported. The plant is
now grown both in the tropics and subtropics

Asteraceae

including America, Northern Australia, Africa,
Southeast Asia, India and Sri Lanka.

Agroecology

The plant occurs at low to 1,200 m altitudes. It is
found in moist, damp environment, in villages,
pastures, rice fields and cultivated areas, along
ditches, marshy meadows, open waste places, old
clearings, on open hillsides and the rocky shores
of rivers, and along roadsides. It thrives best in
soil rich in compost. It is frost-sensitive but
perennial in warmer climates.

Edible Plant Parts and Uses

Leaves and young shoot tips are eaten raw or
cooked. In the United States, the leaves are used
raw as a pungent flavouring for salads (Bailey
1949) and in India as a cooked vegetable (CSIR
1976) in soups and meats (Jansen 1985). In the
Indian Ocean islands (Comoros, Madagascar,
Réunion, Mauritius), the main use of the leaves is
as a steamed vegetable. Both fresh and cooked
leaves are used in the culinary dishes of the indig-
enous people in Brazil particularly in the prov-
inces of Acre, Amazonas, Pard and Cearad
(Benwick 2007). For instance, in the state of
Pard, paracress is often consumed with chillies
and garlic. Paracress is used in a fried duck-
manioc dish called ‘tucupi’. Another dish where
paracress is used is ‘tacacd’, a soup thickened with
manioc juice that contains dried shrimps and
sometimes freshwater fish. In Java, Indonesia, the
leaves and young shoots are served raw in ‘lalab’
served with other vegetables and eaten with a
sambal (chilli sauce) (Ochse and Bakhuizen van
den Brink 1980). The leaves of another closely
related species S. paniculata (not A. oleracea) are
used as cooked vegetables in Assam by the Bodo
community (Patiri and Borah 2007) and in
Southeast Asia (Roemantyo 1994).

The flowers are also edible (Deane 2007-2012;
Benwick 2007; Wetwitayaklung et al. 2008;
Toothman 2009; Burdock 2010). In Thailand,
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leaves and flower heads are cooked as vegetables
and used in curries (Wetwitayaklung et al. 2008).
The flowers are used as spice for foods and denti-
frice flavouring in Japan (Burdock 2010).
Consumption of portions or whole flower buds
known as Buzz Buttons, Szechuan Buttons,
Sansho Buttons and Electric Buttons have been
reportedly used to offset the intense heat of chillies
and peppers (Benwick 2007; Toothman 2009).
Eating a whole flower bud results in a grassy taste,
followed by an extremely strong tingling or numb-
ing sensation and often excessive saliva produc-
tion and a cooling sensation in the throat. Benwick
(2007) reported that a dish of eel basted in a thick,
sweet sauce with Szechuan Button flowers and
roast pineapple won ‘Sushi of the Year’ honours in
Britain’s annual Sushi Awards, sponsored by Eat-
Japan. These buds are also used in drinks, cock-
tails, sorbets (Benwick 2007; Toothman 2009) and
an Alaskan halibut curry dish (Toothman 2009). In
India, the buds and oleoresins are used as flavour-
ing in chewing tobacco.

Botany

An erect, or decumbent, stout, branched, annual
herb, 20-80 cm high. Leaves, opposite, glabrous,
simple, broadly ovate to triangular, 5-11 cm
long, 4-8 cm wide, base truncate, apex acute,
margin serrate (Plate 1). Inflorescence, solitary,
axillary or terminal, a globose capitulum up to
2.5 cm across becoming ovoid or conical, with an
obtuse or rounded apex (Plates 1 and 2), when
young two-coloured with a purplish apex, after-
wards uniformly yellow, on long peduncle up to
12 cm long. Involucre shallowly campanulate,
involucral bracts 15-18, in 2-3 series, oblong-
lanceolate, ciliate. Ray florets very often defi-
cient or if present 3—5 minutes, female, tubular
yellowish-green base and yellowish limb. Disk
florets numerous up to 600, bisexual, corolla
4-5-merous, up to 3.5 mm long, yellow, occa-
sionally with purplish-red palea in immature
capitulum, ovary compressed, style bifid. Achenes
flattened ellipsoid, dark brown, 2-2.5 mm long,
pappus with two short bristles.

Plate 1 Flower-heads and leaves

Plate 2 Close view of flower heads

Nutritive/Medicinal Properties
Flower Phytochemicals
The structure of spilanthol, the pungent, insecti-

cidal constituent of the flower heads was shown
to be N-isobutyldeca-2, 6,8-trienamide and
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(Jacobson 1957; Yasuda et al. (1980) and to be
identical with that of affinin obtained from roots
of Heliopsis longipes (Jacobson 1957). Two ses-
quiterpenes, with structures identical to polygo-
dial and eudesmanolide, were isolated from the
flower heads of S. acmella together with spilan-
thol (Nagashima and Nakatani 1992b). Spilanthol
and three pungent alkamides (2E-N-(2-
methylbutyl)-2-undecene-8,10-diynamide;
2E,7Z-N-isobutyl-2,7-tridecadiene-10,12-
diynamide; and  7Z-N-isobutyl-7-tridecene-
10,12-diynamide) (Nakatani and Nagashima
1992) and spilanthol plus six alkylamides were
isolated from the flower head (Nagashima and
Nakatani 1992a). Three N-isobutyl amides spil-
anthol, undeca-2E,7Z,9E-trienoic acid isobutyl-
amide and undeca-2E-en-8,10-diynoic acid
isobutylamide were isolated from the dried flower
buds (Ramsewak et al. 1999). Three alkamide
compounds were identified from the flower head:
N-isobutyl-2,6,8-decatrienamide (compound 1),
undeca-2E,7Z,9E-trienoic acid isobutylamide
(compound 2) and (2E)-N-(2-methylbutyl)-2-
undecene-8,10-diynamide (compound 3) (Pandey
et al. 2011). The amount of the compounds
obtained were 338 mg (compounds 1 and 2) and
188.4 mg (compound 3), respectively. A mixture
of C22—C35 normal hydrocarbons was isolated
from S. acmella flower heads (Baruah and Pathak
1999).

Eight N-isobutylamides, two 2-methylbutyla-
mides and one 2-phenylethylamide were detected,
with spilanthol as most abundant N-alkylamide
(88.8 %) in S. acmella ethanol flower extract
(Boonen et al. 2010a). The N-alkylamides
included the following: (2E,6Z,8E)-N-isobutyl-2,
6, 8-decatrienamide (spilanthol); (2E4E,8Z,
10Z)-N-isobutyl-doceca-2,4,8-10-tetraenamide;
(2E, 77)-N-isobutyl-2,7-tridecadiene-10,12-
diyamide; (2E,4Z)-N-isobutyl-2,4-undecadiene-
8,10-diynamide; (2E,6Z,8F)-N-(2-methylbutyl)-
2,6,8-decatrienamide; 2(Z)-N-isobutyl-2-nonene-
6,8-diynamide; = N-phenylethyl-2,3-epoxy-6,8-
nonadiynamide; (2E)-N-isobutyl-2-undecene-8-
10-diynamide; (2E)-N-(2-methybutyl)-2-undecene-
8,10-diyamide; and two unidentified alkylamides.
Five N-isobutylamides, one 2-methylbutylamide
and one 2-phenylethylamide were identified in
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the ethanol extracts of Spilanthes acmella flow-
ers (Sharma et al. 2011). These included
(2E,6Z,8E)-N-isobutyl-2,6,8-decatrienamide
(spilanthol); (2E,4E,8Z,10Z)-N-isobutyl-dodeca-
2,4,8,10-tetraenamide; (2E,7Z)-N-isobutyl-2,7-
tridecadiene-10,12-diynamide;(2Z)-N-phenethyl-
2-nonene-6,8-diynamide; (2FE,4Z)-N-isobutyl-
2,4-undecadiene-8,10-diynamide; (2E,7Z)-N-
isobutyl-2,7-decadienamide; and (2E,6Z,8E)-N-
(2-methylbutyl)-2,6,8-decatrienamide. The fol-
lowing alkylamides were identified from the
methanol flower extract of S. acmella: spilanthol
(0.07 %), (Z)-non-2-en-6,8-diynoic acid isobu-
tylamide (0.01 %), (2E)-N-isobutylundeca-2-
ene-8,10-diynamide (0.01 %) and spilanthic acid
2-methylbutylamide (0.04 %) (Mbeunkui et al.
2011). Supercritical fluid extraction using CO,
showed S. acmella flowers were richer in spilan-
thol than leaves and stems and presented the
highest antioxidant/total phenolic ratio as well as
the highest antiinflammatory activity (Dias et al.
2012). Approximately 95 % of the total amount
of extracted spilanthol was obtained during the
SFE(CO,) extraction step.

Twenty compounds were identified in the
essential oil from S. acmella flower heads; limo-
nene (23.6 %), p-caryophyllene (20.9 %), (2)--
ocimene (14.0 %), germacrene D (10.8 %) and
myrcene (9.5 %) were found to be the major con-
stituents of the oil (Baruah and Leclercq 1993).

Leaf Phytochemicals

Ethanol leaf extract of Acmella oleracea afforded
a larvicidal hexane fraction (LCsy=145.6 ppm)
and a nonlarvicidal dichloromethane one (Simas
et al. 2013). From the inactive fraction, three
amides were identified, deca-6,9-dihydroxy-
(2E,TE)-dienoic  acid isobutylamide; deca-
8,9-dihydroxy-(2E,6Z)-dienoic acid isobutyl-
amide; and the known nona-2,3-dihydroxy-
6,8-diynoic acid 2-phenylethylamide. From the
hexane partition mixture of two acetylenic
2-phenylethylamides, nona-(2Z)-en-6,8-diynoic
acid 2-phenylethylamide and deca-(2Z)-en-6,8-
diynoic acid 2-phenylethlylamide were isolated.
Studies by Singh and Chaturvedi (2012) showed
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that in-vitro tissue cultures of S. acmella could be
utilized for spilanthol production, an alkylamide
used in cosmetics. Significantly higher amount of
spilanthol was found in in-vitro plantlet
leaves (3294.36 pg/g DW) compared to those
taken from field-grown mother plants
(2703.66 pg/g DW).

Fourteen volatile compounds isolated from
the essential leaf oil of S. acmella are as follows:
germacrene-D 54.38 %, trans-p-caryophyllene
15.58 %, p-elemene 4.53 %, nor-copaanone
2.44 %, bicyclogermacrene 2.15 %, valencene
2.14 %, unidentified 1.66 %, a-humulene 1.53 %,
cis-trans-a-bisabolene 1.34 %, 2-tridecanone
1.25 %, caryophyllene oxide 1.23 %, neophytadi-
ene 1.21 %, d-cadinene 1.09 % and p-oplopenone
1.02 % (Kawaree et al. 2008). Three alkamide
compounds were identified from the flower head:
N-isobutyl-2,6,8-decatrienamide (compound 1),
undeca-2E,7Z,9E-trienoic acid isobutylamide
(compound 2) and (2E)-N-(2-methylbutyl)-2-
undecene-8,10-diynamide (compound 3) (Pandey
et al. 2011). The amount of the compounds
obtained were 338 mg (compounds 1 and 2) and
188.4 mg (compound 3), respectively.

Plant (Aerial Parts) Phytochemicals

fB-Sitosterol, stigmasterol, fatty acid esters of a-
and p-amyrin, myricyl alcohol, stigmasterol and
stigmasteryl glucoside including f-sitosteryl-3-
O-p-p-glucoside (Krishnaswamy et al. 1975),
and stigmasterol and myricyl alcohol (Tiwari and
Kakkar 1990) were isolated from S. acmella. In
addition to spilanthol [= affinin, (2E,6Z,8E)-
deca-2,6,8-trienoic acid isobutylamide], the cor-
responding 2-methyl-butylamide and two new
acetylenic alkamides, namely, (Z)-non-2-en-6,8-
diynoic acid isobutylamide and (Z)-dec-2-en-6,8-
diynoic acid isobutylamide, were isolated from
Spilanthes oleracea (Greger et al. 1985).
Fractionation of the chloroform extract of S.
acmella aerial parts afforded stigmasterol,
stigmasteryl-3-O-f-p-glucopyranoside together
with a mixture of long-chain hydrocarbon esters
(Prachayasittikul et al. 2009). Fractionation of
the ethyl acetate extract gave three compounds:
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3-acetylaleuritolic acid, vanillic acid and
p-sitostenone. The methanol extract fractions
provided four compounds: scopoletin, trans-
ferulic acid, trans-isoferulic acid and a mixture
of stigmasteryl-3-O-p-p-glucopyranoside and
f-sitosteryl-3-O-f-p-glucopyranoside.

Besides the long known tingling compounds
(2E,6Z,8E)-deca-2,6,8-trienoic acid N-isobutyl
amide (spilanthol) and (2FE,6Z,8F)-deca-2,6,8-
trienoic acid N-(2-methylbutyl) amide, as a minor
constituent, a new 2-ketol ester (7Z,9E)-2-oxo0-
undeca-7,9-dienyl 3-methylbut-2-enoate (acmel-
lonate) was isolated from the plant (Ley et al.
2006). Acmellonate elicited a weak tingling and
numbing effect on the tongue and contributed
only to a small extend to the overall flavour of the
plant. The following three alkamides were iso-
lated from a hexane extract of the aerial parts of
A. oleracea: spilanthol; (E)-N-isobutylundeca-2-
en-8,10-diynamide; and (R, E)-N-(2-methylbutyl)
undeca-2-en-8,10-diynamide.  Spilanthol and
undeca-2E-ene-8,10-diynoic acid isobutylamide
were isolated from the water extract of S. acmella
(Spelman et al. 2011). Spilanthol was only
detected in S. acmella mother plants, flower
heads and in-vitro plantlets but was not found
in the callus or cell cultures (Tan et al. 2011).
However, N-isobutyl-2E, 4Z, 8Z, 10E-
dodecatetraenamide was absent in mother plants
but could be detected in the in-vitro plantlets. The
antioxidant butylated hydroxytoluene (BHT) and
fatty acids, n-hexadecanoic acid (palmitic acid)
and tetradecanoic acid, were found in each of the
sample extracts, namely, mother plant, flower
heads, in-vitro plantlets, callus, air-dried cells,
freeze-dried cells and fresh cells.

Eighteen compounds were identified from the
essential oil of Spilanthes acmella (Lemos et al.
1991). The major constituents identified were
p-caryophyllene (30.2 %), y-cadinene (13.3 %)
and thymol (18.3 %). More than 45 components
were identified from essential oil of the fresh
plant of Spilanthes acmella from southern India
(Jirovetz et al. 2005). The compounds included
(E)-2-hexenol (25.7 %), 2-tridecanone (13.1 %),
germacrene D (11.1 %), hexanol (11.0 %),
B-caryophyllene (10.8 %) and (Z)-3-hexenol
(5.1 %) as significantly dominating compounds.
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Additional components responsible for the char-
acteristic aroma impressions were especially C6—
C9 derivatives, mono- and sesquiterpenes.

Antioxidant Activity

The volatile leaf oil of S. acmella possessed both of
the highest antioxidant activity in all three assays,
as well as the total phenolic compounds (Kawaree
et al. 2008). Antioxidant activity of the leaf essen-
tial oil was 276.09 pmol Trolox equivalent/g in the
2,2'-azino-bis (3-ethylbenzo-thiazoline-6-sulfonic
acid) diammonium salt (ABTS) assay; the ferric
reducing antioxidant power (FRAP) assay was
35,465 pmol/g EC1 (equivalent concentration);
lipid peroxidation (p-carotene bleaching assay) was
61.55 % AA (antioxidant activity); and total pheno-
lic content was 308.03 mg gallic acid equivalent/g.
Fractions from the chloroform, ethyl acetate and
methanol extracts of S. acmella aerial parts dis-
played antioxidant activity in the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and superoxide dismutase
assays (Prachayasittikul et al. 2009). The ethyl
acetate and methanol extract and fractions exhib-
ited the most potent DPPH radical scavenging
activity. No cytotoxic effects of the extracts against
KB (human oral carcinoma) and HuCCA-1 (human
cholangiocarcinoma) cell lines were evident.
Callus from leaf explants and plant parts (root,
stem, leaf) of S. acmella were used for quantitative
estimation of primary metabolites and antioxidant
activity (Tanwer et al. 2010). Methanol extract of
stem showed highest superoxide radical scaveng-
ing activity (39.54 %), while leaves have showed
maximum (76.42 %) DPPH scavenging activity
compared to other plant parts and callus. Maximum
soluble sugars (51 mg/g DW) in callus, starch
(30 mg/g DW) in stem, protein (25 mg/g DW) and
phenolic contents (52.3 mg/g DW) in leaves and
lipids (80 mg/g DW) in roots were determined.

Vasorelaxation/Spasmolytic Activity
Studies by Wongsawatkul et al. (2008) demon-

strated that S. acmella extract exerted maximal
vasorelaxations in a dose-dependent manner
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on phenylephrine-induced contraction of rat
thoracic aorta. The effect was less than
acetylcholine-induced nitric oxide (NO) vasore-
laxation. Significant reduction of vasorelaxation
was observed in both N(G)-nitro-l-arginine
methyl ester (I-NAME) and indomethacin
(INDO). In the presence of -NAME plus INDO,
synergistic effects were observed, leading to
loss of vasorelaxation of both acetylcholine and
the extracts. The extract was found to exhibit
vasorelaxation via partially endothelium-
induced NO and prostacyclin in a dose-depen-
dent manner. Further, the ethyl acetate extract
exerted immediate vasorelaxation (EDs,
76.1 ng/ml) and was the most potent antioxidant
in the DPPH assay. The chloroform extract
showed the highest vasorelaxation and antioxi-
dation in the SOD (superoxide dismutase) assay.

Antiinflammatory Activity

Studies showed that spilanthol, isolated from S.
acmella, attenuated the lipopolysaccharide
(LPS)-induced inflammatory responses in murine
RAW 264.7 macrophages partly due to the inac-
tivation of NF-kappaB, which negatively regu-
lated the production of proinflammatory
mediators at the transcriptional and translational
levels (Wu et al. 2008). Additionally, the LPS-
stimulated IL-1beta, IL-6 and TNF-alpha pro-
ductions were dose dependently reduced by
spilanthol.

Aphrodisiac Activity

The orally administered ethanol extracts of the
Spilanthes acmella flower extract had a dose-
dependent positive effect on mounting frequency,
intromission frequency and ejaculation frequency
of normal male Wistar albino rats (Sharma et al.
2011). The most significant effects were observed
at 150 mg/kg treatment, even after a lapse of 7
and 14 days of discontinuance of drug treatment.
A dose-dependent effect was also observed on
the follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) and testosterone serum
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levels. In-vitro nitric oxide release was 21.79 pM,
which was significantly higher compared to the
control group. The aphrodisiac potential of an
ethanol Spilanthes acmella extract was demon-
strated in-vitro and in vivo. N-alkylamides might
attribute to the improved sexual potential. The
results supported traditional use of S. acmella as
a sexual stimulating agent.

Transdermal/Transmucosal Activity

The N-alkylamide spilanthol from S. acmella was
demonstrated to permeate human skin in a Franz
diffusion cell (FDC) system thereby supporting
its topical application usage on the skin (Boonen
et al. 2010b). Spilanthol from S. acmella ethanol
extract was demonstrated to permeate porcine
buccal mucosa in a Franz diffusion cell experi-
mental setup (Boonen et al. 2010a).

Convulsant Activity

The hexane extract of Spilanthes acmella var.
oleracea when injected intraperitoneally induced
full tonic—clonic convulsions in male Wistar rats
in a dose-dependent manner indicating the poten-
tial for its use as a tool in the development of new
models of epilepsy (Moreira et al. 1989).

Diuretic Activity

Spilanthes acmella cold water extract caused
marked increase in urinary Na* and K* levels in
rats and a reduction in the osmolarity of urine
suggesting that it was mainly acting as a loop
diuretic and may also inhibit antidiuretic hor-
mone release and/or action (Ratnasooriya et al.
2004). The results suggested that Spilanthes
acmellahad strong diuretic action. Administration
of the petroleum ether, chloroform and alcohol
leaf extracts of S. acmella to rats caused an
increase in total urine volume and electrolytes
excretion (sodium Na*, potassium K* and chlo-
ride CI) (Yadav et al. 2011b). Among the differ-
ent extracts, the alcohol extract (500 mg/kg)
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significantly and markedly increased the urine
output. The pattern of diuresis induced by the
alcohol extract was almost similar to that
produced by the furosemide.

Drug Interaction Activity

The alkylamides present in S. acmella showed
significant inhibition of cytochrome P450(2E1)-
mediated oxidation of p-nitrophenol in-vitro at
concentrations as low as 25 pM, whereas the caf-
feic acid derivatives had no effect (Raner et al.
2007).

Gastroprotective Activity

A rhamnogalacturonan polysaccharide contain-
ing uronic acid, galactose, arabinose, rhamnose
and glucose in a 15:2:1:1:0.5 M ratio and with
molecular weight 226,000 g/mol exhibited gas-
troprotective activity (Nascimento et al. 2013).
The rhamnogalacturonan was found to compose
of a long chain of —4)-6-OMe-a-D-GalpA-(1—,
interspersed with some «-1-Rhap residues,
partly substituted by side chains of type II
arabinogalactans.

Anti-obesity Activity

The ethanol extract of S. acmella flower buds
exhibited pancreatic lipase inhibitory activities in
a concentration-related manner in the range
0.75-2.0 mg/ml (Ekanem et al. 2007).

Immunomodulatory Activity

The ethanol leaf extract of S. acmella (500 mg/kg
b.wt. p.o.) exhibited significant peritoneal macro-
phage stimulation and 25-50 % mortality as
compared to control mice, indicating its prominent
immunostimulant activity (Savadi et al. 2010).
Rats orally administered with the ethanol leaf extract
of S. acmella showed a significant increase in
neutrophil adhesion, haemagglutinating antibody
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titre (HAT) and delayed-type hypersensitivity
(DTH) response (Yadav et al. 2011a). In rats
immunized with sheep red blood cells (RBC), the
extract enhanced the humoral antibody response
to the antigen and significantly potentiated the
cellular immunity by facilitating the footpad
thickness response to sheep RBC in sensitized
rats. With a dose of 500 mg/kg body weight, the
values of neutrophil adhesion, HAT and DTH
responses were statistically significant as com-
pared to control. The results demonstrated the
immunomodulatory potential of Spilanthes
acmella in rats.

Anaesthetic and Antipyretic Activities

S. acmella aqueous extracts in concentrations of
10 and 20 % produced 70.36 and 87.02 % anaes-
thesia, respectively, by the intracutaneous wheal
compared to 97.22 % anaesthetic effect produced
by 2 % xylocaine (Chakraborty et al. 2010). The
mean onset of anaesthesia with the test drug was
5.33 minutes compared to 2.75 minutes for the
standard drug in the plexus anesthesia model. In
the antipyretic model, the extract in doses of 100,
200 and 400 mg produced dose-dependent reduc-
tion in mean temperature at various hours of
observation. The results suggested that S. acmella
aqueous extract had significant local anesthetic
and antipyretic activities.

Analgesic Activity

The water extract of S. acmella flowers exerted
an analgesic effect in rats administered orally
with the extract (Peiris et al. 2001). A dose-
dependent analgesic activity with a ECs,
=313 mg/kg was evident when evaluated in hot
plate but not in tail-flick test. This analgesic
activity had a rapid onset and short duration of
action and was not blocked by naloxone, an opi-
oid receptor antagonist. The mid dose of the
extract also induced significant sedation as evalu-
ated using rat hole-board technique. It was con-
cluded that the analgesic activity was mediated
supraspinally accompanied with sedation.
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Antimicrobial Activity

The petroleum ether S. acmella flower extract
was found to inhibit growth in-vitro of Fusarium
oxysporum, Fusarium moniliforme, Aspergillus
niger and Aspergillus parasiticus (Rani and
Murty 2006). Prasad and Seenayya (2000)
reported that S. acmella possessed good growth
inhibitory activity against red halophilic cocci
Salinicoccus roseus, Halococcus turkmenicus
and Halococcus morrhuae from salt-cured
fish. Studies showed that fractions from the
chloroform and methanol extracts of S. acmella
plant inhibited the growth of many tested organ-
isms, e.g., Corynebacterium diphtheriae with
minimum inhibitory concentration (MIC) of
64-256 mg/ml and Bacillus subtilis with MIC
of 128-256 mg/ml (Prachayasittikul et al. 2009).
The hexane and chloroform extracts completely
inhibited the growth of Saccharomyces cerevi-
siae with MIC 256 pg/ml. The chloroform
extract also completely inhibited growth of
Streptococcus pyogenes 11 with MIC 256 pg/ml.
Further, a methanol fraction also inhibited
the growth of Micrococcus luteus, Staphy-
lococcus epidermidis and B. cereus with MIC
128-256 pg/ml.

Insecticidal Activity

Infrared spectra of spilanthol from Spilanthes
spp- and of a sample of affinin obtained from
roots of Heliopsis longipes were superimposable,
and both materials gave the same high knock-
down and kill in tests against houseflies (Musca
domestica) and mosquito larvae (Jacobson 1957).
S. acmella extract was shown to be toxic against
adults of American cockroach, Periplaneta amer-
icana (Kadir et al. 1989). N-isobutyl-2,6,8-
decatrienamide (spilanthol) was found to be the
active component. Topical application of spilan-
thol produced high acute toxicity, and spilanthol
was more potent compound compared to three
conventional insecticides. The potency was found
to be 1.3, 2.6 and 3.8 times more toxic than car-
baryl, bioresmethrin and lindane, respectively.
Electrophysiological studies indicated immediate
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hyperexcitation followed by complete inhibition
of the cockroach cercal nerve activity by the
extract.

Spilanthes acmella exhibited marked larvici-
dal effect on the fourth instar larvae of Culex
quinquefasciatus with an LCs, value of 61.43 ppm
(Pitasawat et al. 1998).

Three N-isobutyl amides spilanthol, undeca-
2E7Z9E-trienoic acid isobutylamide and
undeca-2E-en-8,10-diynoic acid isobutylamide
were isolated from the dried flower buds
(Ramsewak et al. 1999). All were active against
Aedes aegypti larvae and Helicoverpa zea neo-
nates at 12.5 and 250 pg/ml concentrations,
respectively. Spilanthol, a major constituent of S.
acmella ethanol flower extract, found to have
potent ovicidal, larvicidal and pupicidal activity
(Saraf and Dixit 2002). Maximum 7.5 ppm con-
centration caused 100 % motility of eggs, larvae
and pupae of Anopheles, Culex and Aedes mos-
quitoes. Spilanthol was more effective even at
low doses against eggs and pupae.

The following three alkamides from a hexane
extract of the aerial parts of A. oleracea, spilanthol,
(E)-N-isobutylundeca-2-en-8,10-diynamide; and
(R, E)-N-(2-methylbutyl)undeca-2-en-8,10-diyn-
amide, exhibited insecticidal activity, with spilan-
thol being the most active (LDs5y=0.13 pg/mg)
against Tuta absoluta (Moreno et al. 2012). The
alkamides were selective to both beneficial non-
target species, the predator Solenopsis saevissima
(Hymenoptera: Formicidae) and to the pollinator
Tetragonisca angustula (Hymenoptera: Apidae,
Meliponinae) studied.

Of three Spilanthes species, S. acmella L.var
oleraceae Clarke, S. calva L. and S. paniculata
Wall ex DC, S. acmella hexane flower extract
was the most effective in inducing complete
lethality at minimum doses, the respective LCs,
and LCy, values being 4.57 and 7.83 (Anopheles
stephensi), 0.87 and 1.92 (Anopheles culicifa-
cies) and 3.11 and 8.89 ppm (Culex quinquefas-
ciatus). This was followed by S. calva and S.
paniculata extracts, respectively (Pandey et al.
2007). Three alkamide from the flower head
N-isobutyl-2,6,8-decatrienamide; undeca-
2E,7Z,9E-trienoic acid isobutylamide; and (2E)-
N-(2-methylbutyl)-2-undecene-8,10-diynamide

171

exhibited larvicidal activity against late I1I/early
IV instar Anopheles stephensi larvae (Pandey
et al. 2011). A mixture of two acetylenic
2-phenylethylamides, nona-(2Z)-en-6,8-diynoic
acid 2-phenylethylamide and deca-(2Z)-en-
6,8-diynoic acid 2-phenylethlylamide, isolated
from the hexane fraction of the ethanol leaf
extract were active against Aedes aegypti mos-
quito larvae at LCs;=7.6 ppm (Simas et al.
2013). They were not toxic to Artemia salina
nauplii indicating the possibility of using the
compounds to control Aedes aegypti larvae.

Antiplasmodial Activity

Centrifugal partition chromatography (CPC)
fractions from the methanol flower extract, which
contained natural mixtures of phytochemicals,
demonstrated significantly higher antiplasmodial
activity compared to corresponding purified
N-alkylamides, thus suggesting that interactions
between these N-alkylamides may potentiate
antiplasmodial bioactivity (Mbeunkui et al.
2011). The isolated alkylamides, spilanthol and
undeca-2E-ene-8,10-diynoic acid isobutylamide,
from S. acmella, were shown to have ICsys of
16.5 and 41.4 pg/ml on Plasmodium falciparum
strain PFB and ICss of 5.8 and 16.3 pg/ml for the
chloroquine-resistant Plasmodium falciparum
K1 strain, respectively (Spelman et al. 2011).
Further, at relatively low concentrations, spilan-
thol and S. acmella water extract reduced the
parasitemia 59 and 53 % in mice infected with
Plasmodium yoelii yoelii 17XNL at 5 and 50 mg/
kg, respectively.

Malarial 5 is a traditional Mali drug composed
of Cassia occidentalis leaves, Lippia chevalieri
plant and Spilanthes oleracea flower heads,
administered as a decoction (Gasquet et al. 1993).
The drug and its individual plant components
were inhibitory in-vitro to Plasmodium falci-
parum with an ICs of 500 pg/ml for the drug and
200400 pg/ml for Lippia chevalieri and
Spilanthes oleracea. In the in-vivo assay with P.
berghei in mice, mice treated with 200 mg of
lyophilized Malarial 5 over 5 days survived for
2-3 days longer than controls.
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Traditional Medicinal Uses

The flowers and leaves of Spilanthes acmella
have a pungent taste accompanied by tingling
and numbness and have been used as a spice for
appetizers and as widespread folk medicine for
stammering, toothache, stomatitis and throat
complaints (Nakatani and Nagashima 1992; Wu
et al. 2008). The leaves of Spilanthes acmella
have been used traditionally as tonic and in the
treatment of rheumatism, gout and sialogogue
(Savadi et al. 2010). The plant has anaesthetic
action and is used for toothache in the East
(Burkill 1966). In India, the plant is used as a
sialogogoue to increase salivation and stimula-
tion for curing headaches, paralysis of the tongue
and affections of the throat. In Java, the dried
flower heads are used for sore mouth of sprue. A
decoction of the plant can be taken internally as a
diuretic and able to resolve stones in the bladder,
while a decoction of the roots can be used as a
purgative. A decoction of the plant is used as vul-
nerary and also regarded as an antiscorbutic. The
plant is also used as a cure for dysentery and
rheumatism and to enhance the immune system.
It is used against blood parasites, especially
against malaria, both prophylactic and curative.

Other Uses

Acmella oleracea is widely grown as an orna-
mental (and occasionally as a medicinal) in vari-
ous parts of the world. In India, the crushed plant
is used as a fish poison.

Peptides derived from A. oleracea plant
extracts are used in a cosmetic composition (in
anti-wrinkle cream and antiaging formulations) to
help regenerate the dermal matrix and accelerate
repair of functional wrinkles (Demarne and
Passaro 2005; Belfer 2009). Besides these medic-
inal uses, the flower heads have been used as a
spice for appetizers by the Japanese, and
spilanthol-rich extract and essential oil of the
plant was used as a flavouring material for denti-
frices, mouthwash, chewing gum and breath
fresheners (Lion 1985; Shimada and Gomi 1995).
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The plant contains N-alkylamides (NAAs)
which have been regarded to be a promising
group of bioactive compounds, which are antici-
pated to act as important lead compounds for
plant protection and biocidal products, functional
food, cosmeceuticals and drugs in the next decade
(Boonen et al. 2012).

Comments

Several closely Acmella species in South
America, Africa and Southeast Asia have similar
culinary, medicinal and ornamental uses.
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Scientific Name

Ageratum conyzoides (L.) L.

Family

Asteraceae

Synonyms

Ageratum album Hort. Berol. ex Hornem.,
Ageratum arsenei B.L. Rob., Ageratum ciliare
Lour., Ageratum coeruleum Desf. (Illeg.),
Ageratum conyzoides f. obtusifolia (Lam.) Miq.,
Ageratum conyzoides var. pilosum Blume,
Ageratum cordifolium Roxb., Ageratum hirsutum
Poir., Ageratum hirtum Lam. (Illeg.), Ageratum
humile Salisb. (Illeg.), Ageratum humile
Larrafiaga, Ageratum latifolium Cav., Ageratum
latifolium var. galapageium B.L. Rob., Ageratum
meridanum V.M. Badillo, Ageratum microcar-
pum (Benth. ex Benth.) Hemsl., Ageratum nanum
Hort. ex Sch.Bip. (Illeg.), Ageratum obtusifolium
Lam., Ageratum odoratum Bailly, Ageratum
pinetorum (L.O. Williams) R.M. King and H.
Rob., Ageratum suffruticosum Regel, Alomia
microcarpa (Benth. ex Benth.) B.L. Rob., Alomia
pinetorum L.O. Williams, Cacalia mentrasto
Vell., Caelestina latifolia (Cav.) Benth. ex Oerst.,
Caelestina microcarpa Benth. ex Benth. (Illeg.),
Caelestina microcarpa Benth. ex Oerst., Carelia
conyzoides (L.) Kuntze, Chrysocoma maculata
Vell., Eupatorium conyzoides (L.) E.H.L. Krause
(Illeg.), Eupatorium paleaceum Sessé & Moc.

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers,

Common/English Names

Ageratum, Appa Grass, Bastard Agrimony,
Billygoat-Weed, Blue Top, Chick Weed, Cocks
Sticks Plant, Conyzoid Floss Flower, Floss

Flower, Goatweed, Mother Brinkly, Tropic
Ageratum, Whiteweed, Winter Weed
Vernacular Names

Arabic: Bergoman, Berquam, Korink
Bangladesh: Oochunti, Dochunti, Fulkuri

(Bengali), Monipuizza Kher (Chakma),
Achunai, Chunachu Appa (Marma), Submenum

(Tipra)

Benin:  Kourotoko,  Serekpeki  (Bariba),
Azongbiwa (Sahoue), Ewé Arougbo, Olokopla,
Olokokpe (Yoruba)

Brazil: Catinga-De-Bode, Erva-De-Sio-Jodo,

Mentrasto, Mentrato, Picao-Roxo (Portuguese)
Cameroon: Nyada Elog
Chamorro: Mhéguefa, Tchounamo (Bamileke),
Ghé Guefa (Bandjoum), Ntotoo (Eséka),
Mumutung (Ewondo), NyadaEleog (Mbalmayo)
Chuukese: Olloowaisiip
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Columbia: Yerba Hemostatica

Czech: Nestafec Hniddkovity

El Salvador: Mejorana, Sunsumpate

Fijian: Botebotekoro, Mata Mothemothe,
Mbotembotekoro, Sogovanua, Songovanua

French: Agérate, Agerate Conyzoid, Azier
Frangois, Baume, Baume Blanc, Baume
Mauve, Bouton, Célestine, Eupatoire Bleue,
Herbe De Bouc

Gabon: Komba (Apindji), Misi-Ma-Mbya, Nya-
Méside (Bakele), Pota-Mbwandi (Bakota),
Gimbu-Gya-Mukunga (Banzabi), Mambi-
Ma-Taba (Bapunu), Kumba (Bavili), Mondjili-
Ndjili (Bavové), Marufi-Ma-Taba (Bavungu),
Fumele (Bawumpfu), Kéngé-Kengé (Benga),
Misi-Me-Mbwe  (Béséki), Kumba-Djuma,
Burungu (Eshira), Oke-Kong, Mékwa-Me-
Koéng, Mekwe-Me-Kong (Fang), Tombi-
Djoro (Galoa), Komba-A-Gévindji (Ivéa),
Fumangha (Mindumu), Komba-A-Gévindji
(Mitsogo), Aludo-Féya (Mpongwe), Tombi-
Djoro (Nékomi), Tombé-Djoro (Ngowé),
Tombi-Djoro (Orungu)

German: Mexikanischer Leberbalsam

Hawaiian: Maile Hohono, Maile Honohono,
Maile Kula, Meie Parari, Mei Rore

Hungarian: Ageratum, Kisfészkli Bojtocska

India: Gendelabon (Assamese), Dochunti,
Dochunty, Uchunti (Bengali), Bhakumbar,

Dochuntry, Gha Buti, Jangli Pudina, Semandulu,
Uchauty, Visadodi (Hindi), Helukasa, Naayi
Thulasi, Oorala Gida, Ooralada Gida (Kannada),
Appa, Kattappa, Muriyan Pacca (Malayalam),
Khongjai Napi (Manipuri), Ghanera Osaadi,
Ghaneraosadi, Osaadi, Vosadi (Marathi),
Vaihlenhlo, Vailenhlo, Voilenhlo (Mizoram),

Vaihlenhlo, Voilenhlo, Pokasunga (Oriya),
Visamustih (Sanskrit), Appakkoti, Pumpillu,
Pumppilly, Pumpul (Tamil), Pokabanthi,
Pokapanthi Povu (Telugu)

Indonesia: Bandotan, Berokan, Wedusan
(Javanese), Dus-Bedusan (Madurese),

Babadotan, Jukut Bau, Ki Bau (Sundanese)
Kenya: Mucuki Wa Ngigi (Embu), Ilusa
(Kakamega), Ilusa (Luhya), Oluoro-Chieng,
Orianyacha (Luo), Nasirundu (Marachi),
Kundambara (Swabhili)
Kwara’Ae: Belohanua

Asteraceae

Laos: Nia Kee Lo

Malaysia: Ara Batu, Bunga Lebeh Tikus, Daun
Misai Kucing, Rumput Jalang, Rumput Pereh
Jarang, Rumput Sekedok, Rumput Tahi Ayam,
Selasih Dandi, Senorang Kambing, Si Anggit,
Tahi Anjing, Tahi Asu, Tambok- Tambok
Jantan, Uda Buda

Mexico: Hierba Dulce

Nigeria: Akwokwo-Nwaosi, Niaika (Ibo), Ufu
Opioko, Otogo (Igede), Imi-Esu (Owomode),
Imi-Ewure (Yoruba)

Niuean: Sekose Sea, Tekote Tea

Palauan: Ngmak

Philippines: Kulong-Kogong-Babae (Bikol),
Kakalding, Pagpagai, Taindikaldi (Bontok),
Budbuda (Igorot), Sifigilan (Iloko), Kamumnuag
(Lvatan), Bahug-Bahug (Panay Bisaya),
Asipukpuk (Pangasinan), Bahu-Bahu (Sulu),
Bulak-Manok, Damong-Pallas, Kolong-Kabayo
(Tagalog)

Polish: Zeniszek

Polynesia: Meie Parari

Republic of Congo: Mudiadianga (Beembé),
Founkou Mpala (Beembe), Konko (Doondo),
Lounvouvou (Kikongo), Tsouampari (Téké)

Republic of Guinea: Furu-Furu Kungbelen
(Manika), Kiikala Purel (Pular), Nyoge
Nyaakhi (Susu)

Samoan: A’ Amia, Lau Taioti, Tae’Oti

Spanish: Chuva, Huarmi

Swahili: Kimavi Cha Khuku, Kundambara

Swedish: Maile Kula

Tahitian: Maire Vaihi

Tanzania: Kyabakiriao (Buhkoba Rural District),
Matawana (Chagga)

Thailand: Saap Raeng Saap Kaa, Yaa Saap
Haeng (Chiang Mai), Thiam Mae Haang
(Loei), Yaa Saap Raeng (Ratchaburi), Tapsuea
Lek (Sing Buri)

Tongan: Te’Ehosi

Uganda: Otikidiel (Padhola)

Vietnamese: Bach Hoa Huong Thao, Bong Thui,
Bii Xich, Bu Xit, Cay Ciit Lon,, Cy Ngii Sic,
Cay Ngii Vi, Co Cut Heo, Co Cut Lon, Co Hoi

West Africa: Nri-Ewu (Igbo), Imieshu, Kianzi,
Yarnigbei (Yoruba)

Zaire: Kikongo Mpota Ka Saku, Nkaya Bekia
Kwa Nsey




Ageratum conyzoides

177

Origin/Distribution

The species is native to tropical Central and
South America and is now found naturalized pan-
tropically in disturbed areas as weeds. It is com-
mon in the warm tropics throughout Africa, Asia
and the South Pacific Islands.

Agroecology

It occurs in the warm tropics from sea level to
2,000 m in wet and dry disturbed areas. It is
usually found in waste places, gardens, old cul-
tivations, grasslands, low secondary growth
forests, forest edges, roadsides, water courses,
etc., where there is ample exposure to sunlight
(Dung et al. 1996). It also occurs as a major to
intermediate weed in rice fields, orchards, plan-
tations, pastures and cultivated vegetable and
cropping areas. It thrives best in rich, moist,
mineral soils in areas with high air humidity
and tolerates shade.

Edible Plant Parts and Uses

The fragrant flowers and foliage are used for
scenting edible coconut oil in the southeastern
Polynesia (Brown 1935; Facciola 1990). The leaves
are eaten in a soup called ‘olulu-ogwai’ by the
Igbo communities in Nigeria (CINE 2007).

Botany

An erect, pubescent, aromatic, slender, annual
herb sparingly branching 15-100 cm high. Stems
and leaves covered with fine white hairs. Leaves
simple, petiolate, green, ovate or rhomboid-
ovate, 1-10 cmx0.5—7 cm, with crenate margin,
acute apex and oblong or attenuate base, glandu-
lar dorsally (Plates 1 and 2). Inflorescence termi-
nal corymb of 8-15 discoid heads, florets about
75 per head; corolla tubular, white or pale purple

Plate 2 Pale blue purple heads

or blue (Plates 1 and 2), 1-1.5 mm long, limb
5-cleft, included in the involucre; style branches
exserted. The fruit (achene) linear-oblong,
1.5-2 mm long, black, 5 angled, nearly glabrous
with scaly pappus.

Nutritive/Medicinal Properties

The proximate nutrient composition of the edible
leaves was reported by CINE (2007) as moisture
42.5 g, energy 181 kcal, protein 6.9 g, fat 0.4 g,
carbohydrate 37.5 g, fibre 0.1 g, ash 34 g,
Ca 345 mg, P 725 g, Fe 10 mg and Zn 4.5 mg.
The major amino acids present in free form in
the pollens of A. conyzoides included arginine,
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cystine, glutamic acid, glycine, isoleucine, leucine,
methionine, ornithine, tryptophan, amino-n-butyric
acid, aspartic acid, proline and tyrosine (Mondal
et al. 1998).

Besides nutrients in the leaves (CINE 2007) and
amino acids in the pollens, Ageratum conyzoides
have been reported to contain chromenes, chro-
mones, chromanones, benzofurans, flavonoids
including highly methoxylated flavonoids,
farnesene derivatives, monoterpenes, triterpenes,
sesquiterpenes and phenylpropanoids, sterols,
alkaloids and a raft of miscellaneous compounds
in plant extracts, volatiles and essential oil
extracted from various parts of the plant (Okunade
2003; Kamboj and Saluja 2008).

Essential Oils, Volatiles and Plant
Extracts

The essential oil of A. conyzoides was found to con-
tain 4-6 major compounds such as ageratochromene
(about 53-55 %) and demetoxyageratochromene
(about 30-32 %) (Pham and Nguyen 1976). The
essential oil of A. conyzoides was reported to have
complex mixture of 213 compounds of which
43-51 constituents have been reported (Kamboj
and Saluja 2008). The constituents identified
include 20 monoterpenes 6.4 % [13 monoterpenoid
hydrocarbons (5.0 %), 7 oxygenated monoterpe-
noids (0.08-1.4 %)], 20 sesquiterpenes 5.1 % [16
sesquiterpenoid hydrocarbons (4.3 %), four oxy-
genated sesquiterpenoids (0.8 %)] and three phenyl-
propanoids and benzenoids (2.33 %).

Fifty-one constituents—13 monoterpenoid
hydrocarbons (5.0 %), 7 oxygenated monoterpe-
noids (1.4 %), 16 sesquiterpenoid hydrocarbons
(4.3 %), 4 oxygenated sesquiterpenoids (0.8 %),
3 phenylpropanoids and benzenoids (2.33 %),
6 chromenes (85.2 %) and 2 chromans (0.9 %)—
were identified in the essential oil of A. conyzoides
leaves in Nigeria (Ekundayo et al. 1988). The
essential oils of fresh flowers and a combination of
leaves plus stems of flowering and nonflowering
Ageratum conyzoides in Fiji were found to be rich
in sesquiterpenes and ageratochromene (6,7-dime-
thoxy-2,2-dimethylchromene) and 7-methoxy-
2,2-dimethylchromene (Aalbersberg and Singh
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1991). The main constituents in the essential oil
of Ageratum conyzoides from Vietnam were
ageratochromene (precocene II), 6-demethoxyag-
eratochromene (precocene I) and f-caryophyllene,
accounting for 77 % of the oil (Nguyén et al.
1989). Two main components 7-methoxy-2,
2-dimethylchromene  (precocene I) and
B-caryophyllene, a large number of terpenoids and
some chromenes were identified in the essential
oil of the whole plant (Vera 1993). Two new
compounds, coumarin and phytol (a diterpene
alcohol), were also identified. The natural
occurrence of the two chromans, 6-acetyl-2,2-
dimethyl-3,4-dihydro-chromene and its 7-methoxy
derivative, was being reported for the first time.
Forty-seven components making up of 96.35 %
of the oil were identified in the essential oil of
Ageratum conyzoides from Ghana essential oil of
Ageratum conyzoides L. from Ghana (Mensah
et al. 1993). The major constituents were 6-deme-
thoxyageratochromene (precocene I) (80.29 %)
and p-caryophyllene (7.04 %).

Main components of the essential oil of
flowers and combination of stem and leaves from
Pakistan were B-caryophyllene (14.35 %, 17 %), 6-
demthoxy-ageratochromene (30.30 %, 26.60 %)
and ageratochromene (34.90 %, 36.90 %),
respectively (Riaz et al. 1995). The content of A.
conyzoides essential oil extracted from the leaves
and the roots varied from 0.11 to 0.58 % for the
leaves and from 0.03 to 0.18 % for the roots
(1996). Oils from leaves and roots show a certain
homogeneity of chemical composition. Main
constituents were p-caryophyllene (1.2-25.1 %)
and precocene I (63.0-92.9 %). p-caryophyllene
(10.5 %) and precocene I (81 %) were the major
components of the leaf essential oil (Chalchat
et al. 1997). Forty constituents comprising 13
monoterpenoids (5.17 %), 17 sesquiterpenoids
(13.95 %) and 8 chromenes (71.05 %) were iden-
tified in the essential oil of Ageratum conyzoides
leaves (Kasali et al. 2002).

Twelve components making up of 86-99 % of
the essential oil in different plant parts of
Ageratum conyzoides in Lucknow, namely, flowers,
stems, leaves and roots, were identified (Singh
et al. 2003). The major constituents were 6-deme-
thoxyageratochromene (precocene I, 13.2-44.3 %)
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and ageratochromene (precocene I, 41.1-62.2 %).
Total chromene was found maximum in leaves
(91.7 %) and minimum in roots. Precocene I
(86 %) and P-caryophyllene (8 %) are major
components of leaf essential oil (Nébié et al.
2004). The essential oil isolated from the leaves
and flowers of Ageratum conyzoides in South
China was found to contain ageratochromene
(precocene II, 25.89 %), the sesquiterpene
f-caryophyllene (23.79 %), demethoxyagerato-
chromene (precocene I, 14.76 %) and some
monoterpene hydrocarbons, with percentages of
2-5.5 % (Sundufu and Shoushan 2004). The
essential oil of A. conyzoides obtained from 5 dif-
ferent areas in Brazil was found to contain 11
identified compounds and precocene I as the
main constituent in the API accession and the
precocene II as the main constituent in the other
four accessions (De castro et al. 2004). The leaf
essential oil of A. conyzoides from Brazil con-
sisted exclusively of the chromenes precocene I
(954 %) and 11 (4.5 %) (Lima et al. 2005).
Forty-six compounds accounting for 97.60 % of
the oil of the aerial parts of Ageratum conyzoi-
des were identified (Rana and Blazquez 2003).
The main compounds were found to be agerato-
chromene (32.9 %), 6-methoxyquinoline-1-0x-
ide (20.77 %), P-caryophyllene (19.79 %),
p-sinensal (5.82 %), p-sesquiphellandrene
(1.99 %) and t-cadinene (1.44 %). The essen-
tial oil obtained by hydrodistillation of A.
conyzoides aerial parts from S. Tomé and
Principe was characterized by the presence of
high percentages of precocene I (34.4 %) and
B-caryophyllene (24.6 %), as well as small
amounts of precocene II (Martins et al. 2005).
Ageratum conyzoides essential oil was found
to contain precocene II (46.35 %), preco-
cene I (42.78 %), coumarin (5.01 %) and trans-
caryophyllene (3.02 %) as its major components
(Nogueira et al. 2010). Chemical constituents
of the essential oil of A. conyzoides leaves con-
tained precocene I 74.30 %,(E)-caryophyllene
14.23 %, y-muurolene 3.44 %, bicycloger-
macrene 3.14 %, a-humulene 2.80 %,
B-cubebene 0.62 %, germacrene D 0.59 %,
B-elemene 0.42 %, a-pinene 0.30 % and
a-thujene 0.16 % (de Melo et al. 2011).
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The main components of the volatiles from
the hairy root cultures of A. conyzoides were
p-farnesene, precocene I, and p-caryophyllene, in
different amounts, depending on light conditions
and also on the age of cultures (Abdelkadera and
George 2011). Precocene I, p-farnesene, preco-
cene II and p-caryophyllene were the main con-
stituents of the volatile oils from the parent plant
roots, whereas precocene I, germacrene D,
B-caryophyllene and precocene II were the main
constituents of the aerial parts of the parent plant.

From the ethanol extract of the whole plant
of Ageratum conyzoides, a new chromene, 2,2-
dimethylchromene 7-methoxy-6-0--p-gluco-
pyranoside (1), was isolated, together with 13
known compounds, seven of which were being
reported for the first time (Adebayo et al. 2011).
These were eugenyl-O-p-p-glucopyranoside (2),
eugenyl-O-p-p-apiofuranosyl-(1” — 6’)-p-p-
glucopyranoside (3), 3-(2'-O-p-p-glucopyranosyl)
-phenyl-2-trans-propenoic acid (4), (25)-2,3-0O-
di-(9,12,15-octadecatrienoyl)-glyceryl-6-O-(a-D-
galactopyranosyl)-(1”" - 6')-B-D-
galactopyranoside) (5), ((9Z,12Z,15Z)-octadeca-
9,12,15-trienoic acid) (6), 7,3’,5'-tri-O-methyl-
tricetin (7), and cirsilineol (8). The other known
compounds isolated were precocene II (9), preco-
cene I (10), 6-(1-methoxyethyl)-7-methoxy-2,2-
dimethylchromene) (11), 2,2-dimethylchromene-
7-0-B-p-glucopyranoside (12), 3,5,7,4'-tetrahy-
droxyflavone (13) and 5,6,7,3',4’,5'-hexame-
thoxyflavone (14).

Classes of Phytochemicals

Monoterpenes, Triterpenes,
Sesquiterpenes and Phenylpropanoids
Friedelin, a triterpenoid (Hui and Lee 1971);
a-pinene, ocimene, eugenol, methyl eugenol,
d-cadinene were reported from whole plant (Rao
and Nigam 1973); caryophyllene oxide from aer-
ial plant parts (Gonzdlez et al. 1991b);
B-caryophyllene, the major compound and a
large number of minor terpenoids from plant
essential oil (Vera 1993); p-caryophyllene
(14.35 % in flower essential oil, 17 % in leaf and
stem essential oil) (Riaz et al. 1995); camphene,
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cubebene, elemene, farnesol, [-farnesene,
B-myrcene, [-pinene, «-pinene, f-selinene,
a-terpinene, f-caryophyllene from aerial plant
parts (Dung et al. 1996); p-caryophyllene
(10.5 %) from leaf essential oil (Chalchat et al.
1997); sabinene, B-pinene, a-pinene,
B-phellandrene, 1,8-cineole, limonene, terpinen-
4-ol, a-terpineol, f-caryophyllene, caryophyllene
epoxide, sesquiphellandrene from leaf essential
oil (Ekundayo et al. 1988); p-caryophyllene,
y-bisabolene from leaf essential oil (Kong et al.
1999); B-caryophyllene (8 %) from leaf essential
oil (Nébié et al. 2004).

Chromene, Chromone, Chromanone

and Benzofuran

A solid obtained in the dimerization of
ageratochromene (6,7-dimethoxy-2,2-dimethyl-
1-benzopyran) (II) in the presence of acid was
shown to be 5,6,6a,6b,7,12b-hexahydro-1,2,10,
11-tetramethoxy-5,5,7,7-tetramethylcyclo-penta
[1,2-¢;5,4,3-d'e’bis[1]benzopyran (IV) (Kasturi
et al. 1973a). 6-demethoxyageratochromene,
ageratochromene dimer and 6,7,6’,7'-tetramehtyl-
3'(4')-dehydro-3'-4S5-bichroman were isolated
from the plant (Kasturi and Manithomas 1967,
Kasturi et al. 1973b). Precocene I and II (Vyas
and Mulchandani 1980; Quijano et al. 1982); a
highly oxygenated chromone, conyzorigun (Vyas
and Mulchandani 1984); two chromones 6-acetyl-
2,2-dimethyl-3,4-dihydro-chromene and its
7-methoxyderivative were identified from the leaf
essential oil (Ekundayo et al. 1988); chromenes,
precocene I and II, dihydrodesmethoxyencecalin,
desmethoxyencecalin, 6-vinyl-7-methoxy-2,2-
dimethylchromene, desmethylencecalin, dihydro-
encecalin and encecalin were also isolated and
identified (Ekundayo et al. 1987); 6-vinyl-7-
methoxy-2,2-dimethylchromene; 6-(1-metho-
xyethyl)-7-methoxy-2,2-dimethylchromene;
6-(1-hydroxyethyl)-7-methoxy-2,2-dimethy-
Ichromene; 6-(1-ethoxyethyl)-7-methoxy-2,2-
dimethylchromene; 6-angeloyloxy-7-methoxy-2,
2-dimethylchromene; encecalin, encecanescin
from aerial parts (Gonzalez et al. 1991a). Besides
precocene I (7-methoxyageratochromene),
precocene II (ageratochromene), an isodihyd-
roeuparin  derivative  2-(2'-methylethyl)-5,
6-dimethoxybenzofuran; a chromene 2-(1’-oxo-
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2’-methylpropyl)-2-methyl-6,7-dimethoxy-
chromene; a chromone 3-(2'-methylpropyl)-
2-methyl-6,8-dimethoxy-chrom-4-one and a
chromanone 2-(2'-methylprop-2’-enyl)-2-methyl-6,
7-dimethoxy-chroman-4-one  were identified
from A. conyzoides essential oil (Pari et al. 1998).
The chromenes precocene I and precocene II
were identified from leaf oil (Kong et al. 1999)
from aerial parts (Dung et al. 1996) and from leaf
essential oil (Nébié et al. 2004). A chromene
glucoside, 2,2-dimethylchromene 7-O-f-glucopy-
ranoside, and a benzofuran derivative 14-hydroxy-
2Hp,3-dihydroeuparine from the aerial parts
were identified (Ahmad et al. 1999). Precocene I
(7-methoxy-2,2-dimethylchromene) and preco-
cene II (6,7-methoxy-2,2-dimethylchromene)
(20 mg/ml) were extracted from A. conyzoides
(Sharma and Sharma 2001). Two chromenes,
6-(1'-hydroxylethyl)-2,2-dimethyl chromene and
7-hydroxyl-2,2-dimethylchromene, were reported
as constituents of A. conyzoides leaf essential oil
(Kasali et al. 2002).

The major constituents of the essential oil of
different plant parts of Ageratum conyzoides,
namely, flowers, stems, leaves and roots, were
6-demethoxyageratochromene (precocene I:
13.2-44.3 %) and ageratochromene (precocene I
:41.1-62.2 %) (Singh et al. 2003). Total chromene
was found maximum in leaves (91.7 %) and mini-
mum in roots. The chromene derivative encecalol
methyl ether and chromene ester encecalol angel-
ate from the dichloromethane extract of Ageratum
conyzoides (Harel et al. 2011).

Flavonoids

The following flavonoids were isolated from
the leaves: kaempferol-3,7-diglucopyranoside
(Nair et al. 1977); from the whole plant a fla-
vone 5,6,7,8,3',4',5'-heptamethoxyflavone and
5'-methoxynobiletin (Adesogan and Okunade
1979); quercetin, quercetin-3-rhamnopyranoside,
kaempferol, kaempferol-3-rhamnopyranoside,
kaempferol-3,7-diglucopyranoside (Gill et al.
1978); eupalestin (Vyas and Mulchandani 1984);
twelve polyoxygenated flavones were isolated
from Ageratum conyzoides, ageconyflavone A
(5,6,7-trimethoxy-3’,4’-methylenedioxyflavone),
ageconyflavone B (5,6,7,3'-tetramethoxy-
4’-hydroxyflavone) and ageconyflavone C
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(5,6,7,3',5'-pentamethoxy-4’-hydroxyflavone)
(Vyas and Mulchandani 1986). The other nine
compounds were identified as linderoflavone B,
eupalestin; nobiletin; 5'-methoxynobiletin; 5,6,
7,5'-tetramethoxy-3’,4'-methylenedioxyflavone;
sinensetin; 56,7,3',4’,5’'-hexamethoxyflavone;
5,6,7,8,3'-pentamethoxy-4’-hydroxyflavone; and
5,6,7,8,3',5'-hexamethoxy-4'-hydroxyflavone.
Two flavonoids, eupalestin and lucidin dimethyl
ether, were isolated from the petroleum ether
extract of the plant (Calle et al. 1990). Eupalestin;
sinensetin;  nobiletin;  5’-methoxynobiletin;
5,6,8,3',4’,5'-hexamethoxyflavone; 5,6,7,3",4",5'-
hexamethoxyflavone; and 5,6,7,5’'-tetramethoxy-
3’,4’-methylene dioxyflavone were isolated from
aerial parts (Gonzdlez et al. 1991b). A flavone
5,6,7,3’,4",5’-hexamethoxyflavone (Horie
et al. 1993) and another flavone, isolated from
Ageratum conyzoides, were correctly identified
as 8-hydroxy-5,6,7,3',4',5'-hexamethoxyflavone
(Horie et al. 1995). An isoflavone glycoside
5,7,2',4’-tetrahydroxy-6,3’-di-(3,3-dimethy-
lallyl)-isoflavone5-O-a-L-thamnopyranosyl-(1 — 4)-
a-l-rhamnopyranoside was isolated from the
stem (Yadara and Kumar 1999). Three flavones,
5,6,7,8,3' 4'5'-heptamethoxyflavone,5,6,7,3",4",5'-
hexamethoxyflavone, 5,6,8,3",4’,5'-hexame-
thoxyflavone, ageratochromene and its two
dimers were isolated and identified from the A.
conyzoides (Hu et al. 2002; Kong et al. 2004).
The major constituents of Ageratum conyzoides
fresh leaves and its essential oil were demethoxy-
ageratochromene, B-caryophyllene, a-bisabolene
and E-pB-farnesene (Kong et al. 2005).
5,6,7,8,3",4',5'-heptamethoxyflavone, 5,6,7,8,3'-
pentamethoxy-4', 5’-methy-lenedioxyflavone
were isolated from the hexane plant extract
(Moreira et al. 2007) and methoxylated flavo-
noids were isolated from the dichloromethane
plant extract (Harel et al. 2011).

Alkaloids

Open chain pyrrolizidine alkaloids, namely,
9-angeloylretronecine, lycopsamine and echina-
tine, were identified from the plant (Roder et al.
1990; Wiedenfeld and Roder 1991). Trigo et al.
(1988) found several alkaloids in the plant, includ-
ing 1,2-desifropyrrolizidinic and lycopsamine
which could have hepatotoxic activity.
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Sterols

f-Sitosterol, A% stigmasterol, A% brassicasterol,
dihydrobrassicasterol, A?* spinasterol, dihydros-
pinasterol were isolated from the plant (Hui and
Lee 1971; Horng et al. 1976; Dubey et al. 1989;
Gonzalez et al. 1991Db).

Phenolic and Miscellaneous

Compounds

Fumaric and caffeic acid (Nair et al. 1977); three
coumarinic compounds including 1-2 benzopyrone
(Ladeira et al. 1987); (+)-sesamin Gonzalez et al.
1991b); a coumarin and phytol (a diterpene alco-
hol) were isolated from essential oil of the plant
(Vera 1993); aurantiamide acetate (Sur et al. 1997);
3,3-dimethyl-5-tert-butylindone, and fenchyl ace-
tate from leaf oil (Kong et al. 1999); an unsaturated
branched chain fatty acid, (Z)-6-methyl-12-
heptadecenoic acid (Pari et al. 2000); coumarin
from the plant (Moreira et al. 2007); 2H-1-
benzopyran-2-one  (coumarin) from leaves
(Alcantara 1985) and coumarin from leaves
(Widodo et al. 2008). Xuan et al. (2004) identified
three phenolic compounds: gallic acid, coumaric
acid and protocatechuic acid in the leaves, stem and
roots, and catechin was found only in the stem
while p-hydroxybenzoic acid was detected in both
the leaves and stem. Three additional putative
allelochemicals were found in the leaves consisting
of p-coumaric acid, sinapic acid and benzoic acid.
The methylene chloride extract of the air-dried
aerial parts of Ageratum conyzoides afforded a new
natural compound, pyrrolone, 5-ethoxy-1H-pyrrol-
2(5H)-one, together with a known flavonoid
(Hussien et al. 2010).

Antioxidant Activity

Extracts of A. conyzoides were found to have
radical scavenging activity (Adebayo et al.
2010). The water, n-butanol and ethyl acetate
extract elicited DPPH scavenging activity of
87.80, 85.40, 72.56 and 60.87 %, respectively,
while the petroleum ether extract had a low
activity of 7.84 %. Kaempferol isolated from
the ethyl acetate extract of A. conyzoides rap-
idly scavenged DPPH with an ECs, value of
130.07 g/kg highly comparable to the standard
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control (vitamin C) with an ECs, value of
127.13 8.56 g/kg. Methanol extract of A.
conyzoides showed the highest antioxidant
activity in FRAP and DPPH assay, whereas A.
conyzoides essential oil showed greater lipid
peroxidation inhibition than methanol extract
(Patil et al. 2010).

Wound Healing Activity

Methanol extracts of Ageratum conyzoides
were found to have a better wound healing
enhancing action compared with normal saline-
treated controls (Oladejo et al. 2003a). Skin
wounds of Wistar rats dressed with the extract
showed a significant increase in the percentage
wound contraction (82.3 %) at day 10 com-
pared with the saline-treated control (55 %).
Oladejo et al. (2003b) also reported that on the
tenth day post-wound creation in Wistar rats,
Ageratum-treated skin sections showed fewer
inflammatory cells compared with similar
honey and control skin sections. Honey and
Ageratum caused significant greater wound
contraction than controls. Healed wounds from
the Ageratum group had significantly fewer
fibroblasts than honey and controls. Dash and
Murthy (2011) reported that rats treated with
methanol and aqueous leaf extracts of A.
conyzoides showed faster rate of wound healing
compared to other extracts under study. The
chloroform extract also produced promising
results but the effects were seen to be of lesser
magnitude. The petroleum ether extract did not
produce significant results. The results sup-
ported the use of the leaves of A. conyzoides for
wound healing activity in folkloric medicine.
Topical application of A. conyzoides ethanol
extract was found to accelerate the rate of
wound healing in rats (Arulprakash et al. 2012).
The extract increased cellular proliferation and
collagen synthesis. Wounds treated with the
extract were found to heal much faster, based
on the improved rates of epithelialization and
wound contraction and on the histopathological
results. A 40 % increase in the tensile strength
of the treated tissue was observed.
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Anticancer Activity

The aqueous root extract of the aqueous extract
exhibited antitumour activity against murine asci-
tes Dalton’s lymphoma in vivo (Rosangkima and
Prasad 2004). Glutathione in the liver and Dalton’s
lymphoma cells of treated tumour-bearing mice
was found to be decreased. The methanol fraction
from the ethyl acetate extract of A. conyzoides
leaves was found to inhibit in-vitro growth of
Ehrlich tumour (Momesso et al. 2009).

From the preliminary anticancer screening, the
petroleum ether extract of A. conyzoides exhibited
a significant in-vitro inhibition on human gastric
carcinoma (SGC-7901), human colon adenocarci-
noma (HT-29), and mouse leukaemia (P-388)
cancer cell lines (Adebayo et al. 2010). Similarly,
the ethyl acetate extract showed a significant
in-vitro inhibition on human non-small cell lung
carcinoma (A-549), SGC-7901, HT-29, P-388,
human breast carcinoma (MDA-MB-231) and
human prostate carcinoma (DU-145) cancer cell
lines, while the ethanol extract had a significant
inhibitory activity on HT-29 and P-388 cancer cell
lines. The results showed that ethyl acetate
extract of A. conyzoides exhibited the highest
cytotoxic activity on human non-small cell lung
carcinoma (A-549) and mouse leukaemia (P-388)
with ICs, values of 0.68 and 0.0003 pg/ml, respec-
tively. The n-butanol and water extracts showed
no significant inhibition on any of the cancer cell
lines. Tri-O-methyltricetin(7),precocenell(9),3,5,7,4'-
tetrahydroxyflavone (13) and 5,6,7,3',4’,5'-hexa-
methoxyflavone (14) isolated from the ethanol
extract of the whole plant exhibited inhibitory
activity on the mouse leukaemia P-388 cancer cell
line with ICs, values of 12.8, 24.8, 3.5 and 7.8 pM,
respectively, while compound 9 exhibited inhibi-
tory activity on the human colon adenocarcinoma
HT-29 cancer cell line with an ICs, value of
61 pM; the others showed no significant cytotoxic
activity on the cell lines tested time (Adebayo
etal. 2011).

All the fractions of A. conyzoides leaf ethanol
extract and the petroleum ether fraction of Parkia
biglobosa were cytotoxic to human lung cancer
(SK-MES 1) cell lines which to some extent may
support their traditional inclusion in herbal



Ageratum conyzoides

preparations for treatment of cancer (Adetutu
et al. 2012).

Antimicrobial Activity

The ether and chloroform extracts of A. conyzoi-
des used in wound healing therapy inhibited
in-vitro growth of Staphylococcus aureus
(Durodola 1977). The methanol extract of the
whole plant inhibited growth of Staphylococcus
aureus, Bacillus subtilis, Escherichia coli and
Pseudomonas aeruginosa (Al-Magboul et al.
1985). The aqueous leaf extract was found
to be inhibitory to ringworm pathogens
Epidermophyton floccosum and Trichophyton
mentagrophytes (Mishra et al. 1991). Ageratum
conyzoides ethanol extract exhibited antifungal
activity against Epidermophyton floccosum with
minimum inhibitory concentration of less than
10 mg/ml (Sukandar et al. 1992). The ethanol leaf
extract was found to inhibit growth of Escherichia
coli, Microsporum canis and Trichophyton men-
tagrophytes (Vlietinck et al. 1995). Ageratum
conyzoides essential oil exhibited in-vitro anti-
bacterial activity against 20 bacteria and inhibited
in-vitro growth of four fungi Candida albicans,
Cryptococcus neoformans, Sclerotium rolfsii and
Trichophyton mentagrophytes (Pattnaik et al.
1996). The ethanol plant extract inhibited growth
of Streptococcus pyogenes and Neisseria gonor-
rhoeae (Geyid et al. 2005).

Among 16 tested plants, Cleome gynandrop-
sis and Ageratum conyzoides aqueous extracts
exhibited a significant control of the growth of
Alcaligenes viscolactis, Klebsiella aerogenes,
Bacillus cereus and Streptococcus pyogenes
(Perumal Samy et al. 1999). The essential oil of
A. conyzoides aerial parts showed weak activity
against Staphylococcus aureus, S. epidermidis,
Streptococcus faecalis, Proteus vulgaris and
Cladosporium cladosporioides and was inactive
against Escherichia coli, Candida albicans,
Cryptococcus neoformans, Aspergillus niger
and A. fumigatus (Martins et al. 2005). Of all
the leaf extracts, n-hexane, acidic ethyl acetate,
basic ethyl acetate and ethanol, the basic ethyl
acetate extract showed the highest antibacterial
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activity when tested against Staphylococcus
Staphylococcus
Staphylococcus epidermidis and Streptococcus
haemolyticus (Wirahardja et al. 2001).
Phytochemical analysis showed the presence of
alkaloids, flavonoids, polyphenols, saponins,
quinines and tannins in the A. conyzoides (baba-
dotan) leaves.

A coumarin compound isolated from acetone
fraction of A. conyzoides leaves exhibited antifun-
gal activity against Aspergillus niger with MIC
value of 62.5 pg/ml (Widodo et al. 2008). Of ten
methanol plant extracts, A. conyzoides, Scleria
striatinux and Lycopodium cernuum showed very
potent antibacterial activity against Helicobacter
pylori (Ndip et al. 2007). The lowest MIC for
A. conyzoides ranged from 0.063 to 1.0 mg/ml
and MBC ranged from 0.098 to 12.5 mg/ml. All
extracts of the leaf, stem and root of A. conyzoides
inhibited the growth of the bacterial isolates
Staphylococcus aureus, Yersinia enterocolitica,
Salmonella gallinarum and Escherichia coli in a
concentration dependent manner (Okwori et al.
2007). The hexane extract of the leaf, stem and
root elicited 100 % susceptibility; the aqueous
leaf extract gave 75 % susceptibility, while metha-
nolic leaf extract gave 50 %. The MIC(s) ranged
from 6.25 to 100 mg/ml while the MBC(s) gave a
range of 3.13 to 50 mg/ml. Phytochemical analy-
sis of the dried leaves revealed the presence of
resins, alkaloids, tannins, glycosides and flavo-
noids. The dried stems revealed the presence of
resins saponins, tannins, glycosides and flavo-
noids, while the dried roots contained resins,
alkaloids saponins and flavonoids.

The growth and aflatoxin production of the
toxigenic strain Aspergillus parasiticus was
completely inhibited by A. conyzoides essential oil
(Patil et al. 2010). All the studied concentrations
of the oil caused a reduction in mycelia growth
and decreased aflatoxin production. Volatiles
from macerated green leaf tissue of A. conyzoi-
des were also effective against Aspergillus para-
siticus. The strongest antibacterial activity was
observed against the bacteria Staphylococcus
aureus and Bacillus subtilis. Ageratum conyzoi-
des essential oil inhibited Aspergillus flavus
growth to different extents depending on the

aeruginosa, aureus,
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concentration and completely inhibited aflatoxin
production at concentrations above 0.10 pg/ml
(Nogueira et al. 2010). Ultrastructural changes
were more evident in the endomembrane system,
affecting mainly the mitochondria of the fungal
cells. Degradation was also observed in both sur-
rounding fibrils. In-vitro studies showed that the
ethanol extracts of Parkia biglobosa and
A. conyzoides were inhibitory to Escherichia coli,
Staphylococcus aureus, and methicillin-resistant
Staphylococcus aureus (MRSA) but not to
Pseudomonas aeruginosa (Adetutu et al. 2012).

Haematopoietic/Haemostatic
Activities

The ethanol leaf extract of Ageratum conyzoides
administered by gavage to rats was found to
increase in a dose-related fashion packed cell
volume (PCV) and haemoglobin at the doses of
200, 400 and 500 mg/kg, RBC (red blood cor-
puscle) for 400 and 500 mg/kg and marginal
increases that were not significant for 200 mg/kg
(Ita et al. 2007). MCH (mean corpuscle haemo-
globin) and MCV (mean corpuscle volume) for
200, 400 and 500 mg/kg doses were not signifi-
cant. White blood corpuscle (WBC) recorded
marginal increases that were not significant.
Marginal but nonsignificant decreases in body
weight were also observed. The authors con-
cluded that the results indicated haematopoietic
potentials of the extract and that it could possibly
remedy anaemia. The methanol leaf extract of
A. conyzoides significantly decreased the bleed-
ing time, prothrombin time and clotting time,
respectively, in a dose-dependent manner in albino
rats (Bamidele et al. 2010). Conversely, plasma
fibrinogen concentration significantly increased.
The study suggested the methanol leaf extract of
A. conyzoides to possess haemostatic activity.

Hypoglycaemic Activity
In streptozotocin-diabetic rats, oral administra-

tion of the aqueous leaf extract of Ageratum
conyzoides elicited a significant reduction of
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blood glucose level of 9.5 % after 1 hour and
21.3 % after 4 hours (Nyunai et al. 2006). The
aqueous leaf extracts of A. conyzoides at 200 and
300 mg/kg showed statistically significant hypo-
glycaemic and antihyperglycaemic activities in
streptozotocin-induced diabetic rats (Nyunail
et al. 2009b). For the oral glucose tolerance test,
100 mg/kg dose only attenuated significantly the
rise of blood glucose in normal fasted rats, thus
confirming the hypoglycaemic properties of the
leaves of Ageratum conyzoides. The results
validate its use for diabetes in folk medicine.
Aqueous leaf extract of A. conyzoides had a
positive effect on the oxidation-reduction system
on streptozotocin-induced diabetic rats and
improved glycaemia of diabetic rats (Nyunai
et al. 2009a). The extract lowered lipid hydro-
peroxides in the groups treated with 100 and
200 mg/kg when compared to the negative con-
trol group. Antioxidant power (FRAP) was also
higher in the 100 mg/kg group. Further, glycae-
mia was decreased in the group receiving 200
and 300 mg/kg of the extract.

Gastroprotective Activity

The ethanol extract of Ageratum conyzoides was
found to have gastroprotective activity
(Shirwaikar et al. 2003). Oral administration of
the ethanol extract at dose levels of 500 and
750 mg/kg significantly protected gastric lesions
by 80.59 and 89.33 %, respectively, as compared
to misoprostol (74.43 %) in the ibuprofen model,
by 97.09 and 99.24 %, respectively, in the cold
stress model as compared to famotidine (77.86
and 92.71 %); and by 86.58 and 92.29 %, respec-
tively, in the alcohol model. The findings sug-
gested that the significant gastroprotective
activity could be mediated by its antioxidant
activity, Ca?* channel blocking and antiseroto-
genic properties.

Radioprotective Activity

Administration of alcoholic plant extract of
Ageratum conyzoides resulted in a dose-
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dependent decline in radiation-induced mortal-
ity up to a dose of 75 mg/kg, the dose at which
the highest number of survivors (70.83 %) was
observed (Jagetia et al. 2003). In further studies
pretreatment of mice with 75 mg/kg extract
reduced the severity of symptoms of radiation
sickness and mortality at all exposure doses,
thatis, 6,7, 8,9, 10 and 11 Gy of gamma radia-
tion, and a significant increase in survival was
observed compared with the untreated irradiated
group. The radioprotection afforded by
Ageratum extract may be in part due to the scav-
enging of reactive oxygen species induced by
ionizing radiation.

Antiinflammatory Activity

Ageratum conyzoides was found to have fairly
good antiphlogistic effect in comparison with
hydrocortison, as well as inhibiting action on
experimental mice tumour development (Nguyen
and Pham 1973). Essential oils from violet and
white flower varieties have the same qualitative
composition but differ in content of each
essential oil type. Treatment of rats with the
water-soluble fraction (WSF) obtained from a
hydroalcoholic extract of A. conyzoides was
found to reduce articular incapacitation induced
by carrageenan (300 pg) (Magalhaes et al. 1997).
The neutrophil migration induced by carra-
geenan (300 pg) injection into rat peritoneal
cavities and into 6-day-old subcutaneous air
pouches was significantly inhibited by WSF pre-
treatment (30 and 50 mg/kg; s.c.). At the same
dose WSF also inhibited the carrageenan
(400 pg/paw)-induced oedema but failed to
modify the oedema induced by dextran (100 pg/
paw). Additionally, the increase in the cutaneous
vascular permeability induced by the potent leu-
cocyte chemotactic agent LTB, (39 ng co-
injected with 500 ng iloprost, i.d.) was
significantly blocked by WSF (30 mg/kg; i.p.).
The results suggested that WSF could inhibit the
inflammatory reactions induced by neutrophil
mobilizing stimuli. The results of another study
showed that rats treated with hydroalcoholic
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extract of Ageratum conyzoides leaves (250 mg/kg
body weight; p.o.) had a 38.7 % reduction in
cotton-pellet granuloma (Moura et al. 2005).
The development of chronically induced paw
oedema was also reduced significantly by the
plant extract. The toxicity study did not show
any treatment-related abnormalities in biochem-
ical and hematological parameters. The bio-
chemical analysis from blood samples drawn
from group of rats treated orally with 500 mg/kg
body weight did, however, present 30.2 % reduc-
tion of serum glutamic pyruvic transaminase
activity as compared to the corresponding con-
trol group. Their results confirmed the antiin-
flammatory properties of A. conyzoides, with no
apparent hepatotoxicity. In another study, A.
conyzoides and Emilia sonchifolia alcoholic
extracts inhibited 49.85 and 39.47 % of acetic
acid-induced pain at the highest dose 2.0 g/kg
body weight (BW) in Swiss albino mice (Rahman
et al. 2012). These effects were statistically sig-
nificant as compared to the reference drug,
diclofenac sodium (40 mg/kg). A. conyzoides
reduced 35.48 % and Emilia sonchifolia reduced
38.70 % of formalin-induced pain by 2.0 g/kg
which were also statistically significant as com-
pared to morphine (0.5 mg/kg). In a time-depen-
dent inhibition of carrageenan-induced paw
oedema model in Wistar albino rats, the extracts
of A. conyzoides and E. sonchifolia elicited
50.23 and 48.11 % inhibition of paw oedema at
the 4th hour of administration, respectively, and
the effects were statistically significant.

Contradictory results were obtained by
Yamamoto et al. (1991) in Brazil who found that
oral treatment of rodents (rats and mice) with
water extract of A. conyzoides neither reduced
the inflammatory oedema induced by -carra-
geenan or dextran, nor did it reduce the chronic
paw oedema induced by complete Freund’s adju-
vant or formaldehyde in rats. Also the extract did
not decrease the reaction to pain stimuli as evalu-
ated by tail flick response in immersion test and
writhings induced by 0.8 % acetic acid. In iso-
lated guinea pig ilea, the extract presented an
unexpected histamine-like activity characteristic
of a partial agonist.
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Electrocardiographic Activity

Ageratum conyzoides leaf extract changed the
electrocardiogram, atrial impulse velocity, and coro-
nary vessels resistance on isolated guinea pig heart
(Garcia and Carvalho 1999). Electrocardiographic
alterations were (a) PR interval increased from 80
to 105 ms, (b) QT interval decreased from 170 to
154, (c) heart rate decreased from 170 to 152 bpm,
(d) atrial impulse velocity decreased from 51 to
45 cm/s, and (e) the time spent for the impulse to be
conducted from the atrium to the His bundle
increased from 73 to 100 ms. These effects disap-
peared after a washout.

Analgesic Activity

The raw leaf juice extract of A. conyzoides,
injected intraperitoneally at doses of 50 and
100 mg/kg, caused a precocious ataxia, a seda-
tion and a slight ptosis in Wistar rats (Abena et al.
1993). Six hours after injection, those effects dis-
appeared: a reduction of spontaneous motor
activity. Ageratum conyzoides was one of several
plant species found to be a source of potential
analgesic compounds when tested in three in-vitro
radioligand binding assays (Sampson et al. 2000).
The three neuropeptide receptors chosen were
bradykinin (BK II), expressed in Chinese ham-
ster ovary cells (CHO), neurokinin 1 (NK 1)
expressed in astrocytoma cells and calcitonin
gene-related peptide (CGRP) which were all
implicated in the mediation of acute pain in the
mammalian central nervous system.

Spasmolytic/Anticonvulsant Activities

Ageratum conyzoides root and aerial part
extracts were found to induce relaxation on iso-
lated trachea and isolated rat uterus (Achola and
Munenge 1998). There was no significant
difference between the activities of root and
aerial part extracts. The extracts extract inhib-
ited uterine contractions induced by 5-hydroxy-
tryptamine, suggesting that the plant extract
exhibited specific antiserotonergic activity on
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isolated uterus. However, the uterine contrac-
tion caused by acetylcholine was unaffected by
the plant extract.

Results of another study in isolated rat uterus
and intestinal smooth muscles supported the
popular use of A. conyzoides as a spasmolytic
(Silva et al. 2000). The water-soluble fraction
of Ageratum conyzoides (0.2 and 0.4 mg/ml)
increased ECs, values and decreased maximum
responses to acetylcholine and calcium chlo-
ride and at 0.5-3.3 mg/ml also produced direct
myorelaxant effect on smooth muscle prepara-
tions. Theophylline potentiated the relaxant
action of the plant water fraction and also pre-
vented the decrease in maximum response pro-
moted by the fraction in acetylcholine
concentration-effect curves. The results
appeared to be partially linked to calcium mobi-
lization and also suggest that the water-soluble
fraction could act synergistically with theoph-
ylline in the inhibition of cyclic AMP
phosphodiesterase.

In the maximal electroshock (MES) model,
pretreatment with methanol (90 %) extract of
Ageratum conyzoides exhibited significant reduc-
tion in duration of hind-leg extension with
200 mg/kg dose, and the effect was dramatically
reduced with 400 mg/kg (Varadharajan and
Rajalingam 2011). Similar dose-dependent
results were obtained in pentylenetetrazole-
induced seizure model in albino Wistar rats by
delayed onset of clonic convulsions. The com-
plete protective effect against mortality was
reported in both the tests. Acute toxicity of
extract was nontoxic up to the recommended
dose 2,000 mg/kg body weight orally as per
OECD guidelines No. 423.

Hepatoprotective Activity

Studies showed that ethanol leaf extract of
Ageratum conyzoides afforded protection against
acetaminophen and caffeinated acetaminophen
hepatotoxicity in rats (Ita et al. 2009). Rats
treated with acetaminophen plus caffeine plus
leaf extract (250 or 500 mg/kg) had significant
reductions in the serum aspartate aminotransferase,
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alanine aminotransferase and alkaline phosphate
levels compared to the elevated levels in rats
treated with only acetaminophen or caffeine or
both. Total serum protein was marginally
increased in the group treated with acetamino-
phen plus caffeine plus 250 mg/kg extract and
significantly increased in the group treated with
acetaminophen plus caffeine plus 500 mg/kg
extract.

Diuretic Activity

A. conyzoides leaf water extract exhibited signifi-
cant diuretic activity in albino Wistar rats (Falang
et al. 2012). At the end of 24 hours, 200, 400 and
600 mg/kg of extract produced 7.60, 7.00 and
6.80 ml of urine, respectively. The pH of urine
produced by the extract and standard drugs were
all alkaline. At a dose of 600 mg/kg body weight,
there was significant increase in concentrations
of sodium, potassium and chloride ions. This
could be important in the treatment of cardiovas-
cular diseases such as hypertension. The results
suggested that the leaf extract of A. conyzoides
had diuretic properties similar to acetazolamide.

Antiprotozoal Activity

The dichloromethane extract prepared from
aerial parts of Ageratum conyzoides was found to
exhibit significant activity (ICs5,=0.78 pg/ml)
against bloodstream forms of Trypanosoma
brucei rhodesiense, the etiologic agent of East
African human trypanosomiasis (East African
sleeping sickness) (Nour et al. 2010). This extract
also exhibited appreciable activities against
Leishmania donovani (Kala-Azar, IC5y=3.4 pg/ml)
as well as Plasmodium falciparum (Malaria
tropica, ICs5y=8.0 pg/ml). Five highly methoxyl-
ated flavonoids along with the chromene deriva-
tive encecalol methyl ether were isolated. While
the chromene turned out to be inactive against the
tested parasites, the flavonoids showed activity
against the protozoan pathogens, some in the
lower micromolar range. However, none of these
isolated compounds was as active as the crude
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extract. Ageratum conyzoides plant extract was
found to have antiplasmodial activity against
chloroquine-resistant Plasmodium falciparum,
causal agent of malarial (Madureira et al. 2002).
The aqueous leaf extract of A. conyzoides exhib-
ited significant and dose-dependent antiplasmo-
dial activity against Plasmodium berghei in mice
(Ukwe et al. 2010). All the fractions from the
methanol extract showed significant but varying
levels of antiplasmodial activity. The LDs, was
estimated to be greater than 5,000 mg/kg, p.o in
mice. Phytochemical screening of the extracts
revealed the presence of alkaloids, glycosides,
flavonoids, saponins, tannins, reducing sugar,
proteins, carbohydrates and resins. The aqueous
leaf extract of A. conyzoides exhibited significant
and dose-dependent antiplasmodial activity
against Plasmodium berghei in mice (Ukwe et al.
2010). All the fractions from the methanol extract
showed significant but varying levels of antiplas-
modial activity. The LDs, was estimated to be
greater than 5,000 mg/kg, p.o in mice. The
dichloromethane extract of Ageratum conyzoides
was recently shown to exhibit considerable activ-
ity against Trypanosoma brucei rhodesiense
(Harel et al. 2011). Isolated compounds, namely,
methoxylated flavonoids as well as the chromene
derivative encecalol methyl ether were less active
than the crude extract. The activity of the extract
was found to decrease considerably while stored
in solution. The unstable chromene ester encecalol
angelate was identified as native constituent of
the dichloromethane extract of Ageratum
conyzoides. Its activity against Trypanosoma,
Leishmania and Plasmodium species was quite
low, so that it does not represent the chemical
principle responsible for the high antiprotozoal
activity of the crude extract.

Schistosomicidal Activity

The essential oil of Ageratum conyzoides was
reported to have schistosomicidal effects in vitro
against adult worms of Schistosoma mansoni (de
Melo et al. 2011). The essential oil was less effec-
tive than the positive control (praziquantel) in
terms of separation of coupled pairs, mortality,
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decrease in motor activity and tegumental altera-
tions. However, the essential oil caused an inter-
esting dose-dependent reduction in the number of
eggs of S. mansoni. Precocene 1 (74.30 %) and
(E)-caryophyllene (14.23 %) were identified as
the two major constituents of the essential oil;
both compounds were found to be much less
effective than the essential oil and praziquantel.

Anticoccidiosis Activity

Studies showed that administration of Ageratum
conyzoides extract in the drinking fluid to broilers
infected with oocysts of Eimeria tenella, was
efficacious in treating caecal coccidiosis (Nweze
and Obiwulu 2009). The faecal oocyst per gram
of faeces decreased steadily in all the treatment
groups until it became zero. The packed cell
volumes, weight and red blood cell counts of the
treated birds were significantly higher than those
of the infected untreated control. No signs of tox-
icity were observed during the acute toxicity test.
The results confirmed its ethnoveterinary use in
the treatment of coccidiosis. Ageratum conyzoi-
des leaf extracts were found to have anticoccidial
activity in chicken (2012). Pertinent coccidia
populations reductions were as follows: 10%
water-pulverized leaf extract 96 % (n=3,388),
10 % whole leaf extract 81.7 % (n=1,500),
Coxisol 97 % (n=1,216) and Amprocox 85.9 %
(n=1,600), the last two being commercials
coccidiostats. Pathohistological investigation of
treatment with 10 % whole extract of Ageratum
conyzoides did not find any lesions in the heart,
liver, lungs kidney and spleen.

Insecticidal/Larvicidal Activity

The petroleum ether extract of the whole plant
induced morphogenetic abnormalities in the
formation of larvae of the mosquitoes Culex
quinquefasciatus, Aedes aegypti and Anopheles
stephensi (Sujatha et al. 1988). Vyas and
Mulchandani (1980) reported the action of
chromenes (precocenes I and II), isolated from
Ageratum conyzoides, which accelerated larval
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metamorphosis, resulted in juvenile forms or
weak and small adults. Ekundayo et al. (1988)
also demonstrated the juvenilizing hormonal
action of precocene I and II in insects, the most
common effect being precocious metamorphosis,
producing sterile or dying adults. Acetone
extracts of Ageratum conyzoides showed growth
inhibitory and juvenile hormone-mimicking
activity to the treated larvae of Culex quinquefas-
ciatus (Saxena et al. 1992). Larval pupal interme-
diates, demalanized pupae, defective egg rafts
and adult with deformed flight muscles were few
noticeable changes. Biting behaviour was
observed to be affected by Ageratum, and loss of
fecundity was observed in the treated mosquitoes
but no sterilant effects could be seen. Adults
obtained from larvae exposed to the plant extract
produced significantly shorter egg rafts than in
control. Petroleum ether extract of the flowers
was inhibitory to the Anopheles stephensi
mosquitoes (Kamal and Mehra 1991). The meth-
anol extract of the whole plant suppressed the
population of Anopheles stephensi at the preima-
ginal stage (Saxena and Saxena 1992).

Ageratum conyzoides oil showed larvicidal
activity against Aedes aegypti with LCs, value of
148 pg/l (de Mendonga et al. 2005). A. conyzoi-
des also induces morphogenetic abnormalities in
the formation of mosquito larvae (Culex quinque-
fasciatus, Aedes aegypti and Anopheles stephensi).
This has been verified using petroleum ether
extracts (5 and 10 mg/l) of the whole plants. The
larvae showed intermediary stages between
larvae—pupae and discolored and longer pupae,
as well as incompletely developed adults (Sujatha
et al. 1988). Extracts of the flowers of this species
showed activity against mosquitoes (Anopheles
stephensi), in the last instar, showing DL 50 with
138 ppm (Kamal and Mehra 1991).

Ageratum conyzoides plant hexane extract
was reported to have activity against Musca
domestica (Gonzdlez et al. 1991a). The petro-
leum ether extract of Ageratum conyzoides exhib-
ited insecticidal activity against Musca domestica
(Diptera) third instar larvae, and Cynthia carye
(Lepidoptera) third, fourth and fifth instar larvae
and was also active against Acanthoscelides
obtectus (Coledptera) adults (Calle et al. 1990).



Ageratum conyzoides

The known chromene precocene II was isolated
from the extract and found to be highly toxic to
M. domestica third instar larvae under sunlight
exposure, while no larvicidal effect was shown
under UV irradiation or in dark. Two flavonoids,
eupalestin and lucidin dimethyl ether, were also
identified in the extract.

Toxicity Studies

The plant has been reported to contain pyrroli-
zidine alkaloids (Trigo et al. 1988; Roder et al.
1990; Wiedenfeld and Roder 1991) which have
been linked to liver and lung cancers and a range
of other deleterious effects (Couet et al. 1996).
Preliminary study found that rats that consumed
adiet of 50 % A. conyzoides leaves for 2 weeks or
25 % A. conyzoides for 4 weeks appeared to lose
weight compared to control rats that were fed
with normal cubed diet for rodents (Sani and
Stoltz  1993). Histopathological examination
revealed extensive liver lesions characterized by
megalocytosis and bile duct cells proliferation.
Although the analysis of pyrrolizidine alkaloid-
like with hot methanol extraction was low
(0.014 %), the pathological changes of liver
showed that Ageratum conyzoides caused pyrro-
lizidine alkaloid poisoning in rats.

However, results of recent animal studies
suggested that ingestion of Ageratum conyzoides
leaf extract daily for 21 days may not be hepatotoxic
at the doses (200 mg/kg body weight, 400 mg/kg
body weight and 600 mg/kg body weight of
the extract) investigated (Antai et al. 2009).
Treatment of rats with the respective doses of the
extract did not significantly alter the serum and
liver levels of total protein, ALT, AST and ALP in
all test groups. Results of acute and sub-chronic
(28-day) oral toxicity studies suggested the
hydroalcoholic extract of A. conyzoides to be
relatively safe when administered orally in rats
(Diallo et al. 2010). The limit dose of 5,000 mg/
kg did not cause any mortality or signs of acute
toxicity in the rats tested during the observation
period. In the subchronic tests, the results did not
show any treatment-related abnormalities in
terms of haematological and biochemical param-
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eters. However, urea was significantly lower in
the group treated with 500 mg/kg of A. conyzoi-
des extract. The weekly body and organ weight
of the rats showed no significant differences
between the control and the rats treated with the
extract except for liver where there was a signifi-
cant increase in rats that received 1,000 mg/kg,
that is, 3 g as against 2.5 g for the control.

Traditional Medicinal Uses

Ageratum conyzoides was reported as one of sev-
eral plant species used for prostate problems in
folkloric ethnomedicine in Trinidad and Tobago
(Lans 2007). Ageratum conyzoides is a plant used
in traditional medicine for mental and infection
diseases, cephalgia, dyspnea, enteralgia and fever
(Abena et al. 1993). A. conyzoides leaves were
reported to be used externally to heal wounds,
cuts, scratches or itches and internally, decoc-
tions of roots are taken for treating coughs by the
Temuan tribe in Ulu Langat, Selangor, Malaysia
(Ong 1990). Decoctions obtained from boiling
whole plant parts were used to treat asthma,
while leaves obtained from white-flowered types
of this species were used to alleviate toothache.
In Peninsular Malaysia, the Malays poultice
wounds externally with the leaves, which have
been heated and oiled (Burkill 1966). For itch, a
poultice of the leaves mixed with those of
Phyllanthus pulcher or Justicia is used. Pounded
plant material is applied to the abdomen of children
for severe diarrhoea. The plant decoction is used
for fever and dysentery. The plant has also been
reported to be used for urinary disorders. In Java,
the leaves are used as a paste mixed with chalk
for wounds and a paste of the roots rubbed on the
body for fever (Heyne 1927). Crevost and Petelot
(1929) reported that the Annamites apply a poul-
tice of the leaves to the hair.

In Vietnam, Ageratum conyzoides is used to
treat inflammation of the nose, dropsy, wound
pimples, eczema and postpartum haemorrhage
and to regulate menses allergic sinusitis (Doan
and Nguyen 1979; Dung et al. 1996; Vo 1997).
The plant was reported to contain essential oils,
phenols (eugenol), carotenoids, phytosterols,
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tannins and saponins (Vo 1997). In the Philippines
the juice of the fresh leaves is pounded, mixed
with salt and used as vulnerary (Stuart 2012).
Sometimes the leaves are cooked in coconut oil
and the medicated oil is applied to wounds. The
boiled decoction of stem, roots and flowers are
employed for stomach disorders. The plant
decoction is used for cough, colds, fever, skin
disease and high blood pressure. The plant is also
used for bleeding due to external wounds, furun-
cle, eczema, carbuncle and as poultices for head-
aches. Plant juice is dropped into the ear to treat
otitis media.

In Gabon, the Masango people eat the leaves
with cola fruit and salt to treat pain (Akendengue
and Louis 1994); the leaves are used to treat cuts
and wound, fever, painful menstruation; leaves
cooked in palm oil is taken as remedy for sexu-
ally transmitted diseases (Raponda-Walker and
Sillans 1995). A. conyzoides is used to treat fever,
measles, postpartum haemorrhage and snake
bites in Benin (Adjanohoun et al. 1989), while in
Nigeria it is used for skin diseases, wound heal-
ing, diarrhoea and pain associated with navel in
children (Okunade 2002). A leaf decoction is
used to treat human immunodeficiency virus
(HIV)/AIDS in Nigeria (Igoli et al. 2005; Kayode
et al. 2009); HIV/AIDS, herpes zoster and cryp-
tococcal meningitis in Tanzania (Kisangau et al.
2007); and anguillulosis in the Republic of
Guinea (Keita et al. 1999). In the Republic of
Congo, leaves juice/extract/decoction are employed
to treat headache, rib pain, intercostal pain, body
side pain, asthma and inflammatory disorders
like rheumatism and arthritis and macerated
whole plant is used for treating dyspnea
(Adjanohoun et al. 1988). In the Ivory Coast, the
plant is used to treat abdominal pain (Diehl et al.
2004). Ageratum conyzoides was used to treat
epilepsy by traditional healers in Tanzania (Moshi
et al. 2005). In Mauritius and Rodrigues, the
leaves are used as a diuretic in urinary diseases
(Gurib-Fakim et al. 1993), and in Mauritius, the
leaves are used to treat diarrhoea, skin infection
and gas in the stomach (Gurib-Fakim et al. 1997).
In Kwara State, Central Nigeria, leaves are used
for Candida body infection and grounded leaves
mixed with shea butter as an ointment are used to
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massage inflamed painful area in the neck (Bhat
et al. 1990).

In an ethnomedicinal survey of plants in the
Rivers State of Nigeria, of 188 plant species, the
most important and valuable species were found
to be Ageratum conyzoides and Tridax procum-
bens (Ajibesin et al. 2012). The plants were com-
monly used for dermal or digestive problems and
fever/malaria. The most used plant part was leaves
(42 %), while decoction was the main method of
drug preparation (36 %). The tribals of Bangangte
in Western Cameroon employed the juice from
the plant for peptic ulcer (Noumi and Dibakto
2000). In Madagascar, the leaves are used in tea
for diarrhoea and the leaf sap is used as a coagu-
lant (Novy 1997). In India and Central Africa, the
plant is used to treat wounds and burns (Durodola
1977). In Kenya, the leaf juice is used to treat eye
diseases, macerated leaves used as antiseptic for
wounds to stop bleeding and haemorrhagic diar-
rhoea, mycotic skin infection, furuncle, eczema,
carbuncle; leaf and root decoctions are used for
coughs; and root decoctions used for chest pains
(Noumi 2004, Tsabang et al. 2001). In the
Republic of Congo (Brazzaville), leaves and roots
are used for headache; leaves are employed for
intercostal rib pain and side-body pain, asthma
and antiinflammatory problems; macerated plant
is used for dyspnea (Adjanohoun et al. 1988).
In Benin, grounded leaves are used for infectious
diarrhoea, fever, malaria and nausea; aerial plant
parts are used for giddiness and postpartum haem-
orrhage (Adjanohoun et al. 1989).

In Northwest Argentina, the plant extract is
drank as a remedy for cough (Hilgert 2001).

In Mexico, the aerial plant part infusion is
used in the treatment of diabetes (Andrade-Cetto
and Heinrich 2005). Ageratum conyzoides has
been used in Brazilian folk medicine to treat vari-
ous ailments such as metrorrhagia, fevers, derma-
titis, inflammation, arthritis, rheumatism,
diarrhoea and diuretics (Lima et al. 2011). The
flowers and leaves are used in the form of an infu-
sion for their analgesic and antiinflammatory
properties. In Brazil, the plant is used as an anal-
gesic and antiinflammatory (Elisabetsky and
Wannmacher 1993); the leaves are used to treat
malaria and yellow fever (Ming 1999); the aerial
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parts is used as a tonic, stimulant and emmena-
gogue (de Melo Junior et al. 2002).

In India, the plant is used to treat leprosy and
the essential oil is sued as lotion for purulent oph-
thalmia (Kasturi et al. 1973a, b). In India, the
tribals of Sonaghati of Sonbhadra district, Uttar
Pradesh, used the plant to treat tumour and swell-
ing and as an antidote to snakebite and stings
(Singh et al. 2002). In Nepal, leaf sap is applied
on fresh cuts (Shrestha and Joshi 1993); leaves
are applied to cuts and wounds for antihaemor-
rhagic and antiseptic properties (Bhattarai 1991);
leaves and aerial parts for cuts, wounds and to
treat stomach upset (Joshi and Joshi 2000).

Other Uses

In Hawaii and Polynesia, the fragrant flowers are
used for leis, scent and medicine.

The plant has potential to be used as a biocon-
trol agent to control weeds, agricultural and vet-
erinary insect pests and plant diseases as it has
been reported to contain phytochemicals and
allelochemicals that are toxic to plant weeds,
insect pests and plant pathogens.

A crude lipid extract from the Ageratum
conyzoides exerted ovicidal action and induced
sterility after topical treatment of both young last
instar larvae (L) and females of Dysdercus
flavidus Sign, at emergence by inhibiting ovarian
development (Fagoonee and Umrit 1981). The
action of the two chromenes precocenes I and II
in the crude extract was synergistic. Precocene I
and II from A. conyzoides exhibited antijuvenile
hormone activity against Sitophilus oryzae,
Thlaspida japonica and Leptocorisa chinensis
(Lu 1982). Highly toxic properties were exhib-
ited by fractions F and G of the chloroform leaf
extract of A. conyzoides against Drosophila
melanogaster and fractions C, D, E, F and G
against Dysdercus cingulatus (Alcantara 1985).
These results were comparable with that obtained
for the standard insecticide malathion and rela-
tively high as compared with the natural insecti-
cide rotenone. Purification of fraction D and E
afforded 2H-1-benzopyran-2-one (coumarin) and
a dimer of ageratochromene. Compound 1 was
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found to be highly toxic to Drosophila melano-
gaster and Dysdercus cingulatus. Compound 2
was found to be generally nontoxic to the test
insects.

A. conyzoides methanol extract from fresh
leaves (250 and 500 ppm) adversely producing a
deficiency of juvenile hormone affecting the
development of the fourth instar of Chilo partel-
lus (Lepidoptera, Pyralidae), a sorghum pest, as
evidenced by the presence of a dark stain in the
insects’ cuticle and immature pupae formation
(Raja et al. 1987). Studies found that the leaf
extract from A. conyzoides at 25 % concentra-
tion killed 36.7 % of the population of Dasynus
piperis, a major pest of black pepper berries
(Mustikawati and Nazar 1996). The extract of
Lantana camara flowers at 10 % concentration
killed 30 %, while the extract of Ageratum
conyzoides flowers at 25 % concentration killed
50 % and aquadest killed 3.3 %. The topical
application of the essential oil of Ageratum
conyzoides to the nymphs of the desert locust
Schistocerca gregaria showed high nymphal
mortality (91 %) (Pari et al. 1998). Essential oil
of the plant was toxic to the adults of the cowpea
weevil (Callosobruchus maculatus) (Gbolade
et al. 1999).

An unsaturated branched chain fatty acid (Z)-
6-methyl-12-heptadecenoic acid from A. conyzoides
essential oil demonstrated insecticidal and
growth regulatory activity against Schistocerca
gregaria (Pari et al. 2000). Besides mortality, the
compound also caused disturbances at the
nymphal-adult moult resulting in deformity.
In-vitro studies showed that the essential oil of
Ageratum conyzoides leaves was the most effec-
tive insecticide against the maize grain weevil,
Sitophilus zeamais (LDs;=0.09 % in 24 hours), fol-
lowed by that of Lantana camara (LDs,=0.16 %)
and Chromolaena odorata (LDsy=6.78 %)
(Bouda et al. 2001). The mortality of S. zeamais
increased with the concentration of the essential
oils of the three plants and the duration of expo-
sure of the weevils on the treated maize grains.
The hexane and alcohol extracts of A. conyzoides
showed insecticidal activity against the larvae of
the lepidopteran pest Diaphania hyalinata
(Moreira et al. 2004). Fractionation of the hexane
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extract afforded the following active compounds
5,6,7,8,3",4',5'-heptamethoxyflavone; 5,6,7,8,3'-
pentamethoxy-4',5’-methylenedioxyflavone and
coumarin. The increasing order of susceptibility to
coumarin was Diaphania hyalinata< Dione juno
Jjuno<Tuta absoluta. The increasing order of tox-
icity to D. juno juno was 5,6,7,8,3'-pentamethoxy-
4’,5'-methylenedioxyflavone < couma-
rin<5,6,7,8,3’,4',5'-heptamethoxyflavone. The
hexane extract of A. conyzoides showed insecti-
cidal activity (Moreira et al. 2007). Three
compounds were identified: 5,6,7,8,3",4',5'-
heptamethoxyflavone, 5,6,7,8,3’-pentamethoxy-
4, 5'-methylenedioxyflavone and coumarin. The
A. conyzoides extract showed good repellence
index (66 %) of Amblyomma cajennense nymphs
(Cayenne tick) when applied in high concentra-
tions (Soares et al. 2010). Lima et al. (2010)
demonstrated that ingestion of maize leaf
sections treated with A. conyzoides essential
oil (0.5 % concentration) by the fall army-
worm Spodoptera frugiperda caused >70 % mor-
tality. The major component of the essential oil
from A. conyzoides was found to be precocene
(87.0 %).

Aqueous extract of A. conyzoides plant was
found to reduce larvae emergence of the root-
knot nematode, Meloidogyne incognita (Shabana
et al. 1991). The ethanol extract of A. conyzoides
leaves was more potent against embryonation
(39.6 %) of the parasitic nematode Heligmos-
omoides bakeri than the aqueous extract (53.3 %)
at the highest concentration (3.75 mg/ml) (Wabo
Poné et al. 2011). Both types of extracts also
killed larvae with higher larvicidal activity shown
by the ethanol extract.

All the employed concentrations of (2, 4 and
6 % w/v) of aqueous, methanol, and n-hexane
extracts of A. conyzoides inflorescence, leaf, stem
and root significantly suppressed the growth of
the plant pathogen, Fusarium solani (Javed and
Bashir 2012). The n-hexane extracts of leaf and
inflorescence caused highly significant reduction
of 84 % in growth of F. solani followed by stem
and root extracts which caused 80 and 72 %
reduction in growth, respectively. The same pat-
tern in growth reduction was observed in metha-
nol and aqueous extracts. Among the four parts
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of the tested weed, different concentrations of the
methanol extract of leaf were found to be highly
effective in controlling target fungal species,
resulting in up to 78 % reduction in fungal
biomass over control followed by inflorescence
(74 % reduction), stem (63 % reduction) and
root (59 % reduction) at highest used concentra-
tion. In case of aqueous extracts, the maximum
reduction was observed in leaf extract (72 %)
followed by inflorescence, stem and root,
respectively.

Volatile oil from Ageratum conyzoides was
found to have allelopathic activity (Kong et al.
1999). Precocene I, precocene I1, B-caryophyllene
and 3,3-dimethyl-5-tert-butylindone isolated
from A. conyzoides leaf oil inhibited seedling
growth of acceptor plants. Inhibitory activity of
the volatile oil was more intense than that of
the pure components. Fenchyl acetate and
y-bisabolene had no inhibitory activity, but when
mixed with precocene II, they increased the
inhibitory activity to growth of acceptor seedling
plants. The inhibitory allelopathic effects of
A. conyzoides volatiles on peanut (Arachis hypo-
gaea), redroot amaranth (Amaranthus retro-
flexus), cucumber (Cucumis sativus) and ryegrass
(Lolium multiflorum) increased when plants were
grown under nutrient-deficient conditions or in
competition with Bidens pilosa (Kong et al.
2002). Volatiles from A. conyzoides plants
infected with Erysiphe cichoracearum (powdery
mildew fungus) or exposed to Aphis gossypii
feeding inhibited or killed fungi and insects.
Precocenes and their derivatives, monoterpenes
and sesquiterpenes, were found to be the major
volatile components of A. conyzoides.

The residue obtained from an aqueous acetone
extract of Ageratum conyzoides shoots inhibited
the germination and the growth of roots and
shoots of Amaranthus caudatus, Digitaria san-
guinalis and Lactuca sativa (Kato-Noguchi
2011). The concentration-dependent responses
of the test plants suggested that the residue
of Ageratum conyzoides might contain
allelochemical(s). Ageratum conyzoides showed
potential to be used as a natural herbicide for
weed control in paddy fields to reduce the depen-
dence on synthetic herbicides (Xuan et al. 2004).
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A. conyzoides exhibited strong inhibition on
Raphanus sativus (radish) germination and
growth in a bioassay with the leaves eliciting a
greater suppression than the stem and root. The
leaves of A. conyzoides applied at 2 t/ha reduced
about 70 % of the growth of Echinochloa crus-
galli var. formosensis and completely inhibited
emergence of Monochoria vaginalis var. plantag-
inea and Aeschynomene indica in calcareous
soil condition. Application of A. conyzoides
leaves at 2 t/ha in a paddy field 2 days after
transplanting caused about 75 % paddy weed
reduction and increased yield by 14 % com-
pared with a herbicide treatment. Three pheno-
lic compounds were identified in the leaves,
stem and root including gallic acid, coumalic
acid and protocatechuic acid, and catechin was
found only in the stem. p-Hydroxybenzoic acid
was detected in both A. conyzoides leaves and
stem. Three additional putative allelochemicals
were found in the leaves consisting of p-cou-
maric acid, sinapic acid and benzoic acid. The
greater number of growth inhibitors found in the
leaves might result in the stronger inhibitory
activity than the stem and root.

Intercropping Ageratum conyzoides in citrus
orchards may effectively suppress weeds and
control other insect pests and diseases (Kong
et al. 2002; Hu et al. 2002; Hu and Kong 2002;
Kong et al. 2004, 2005). Investigations showed
that the inhibition of major weeds and soil patho-
genic fungi in citrus orchards was significantly
correlated with the allelochemicals released into
the soil by intercropped A. conyzoides. Three
flavones, 5,6,7,8,3",4’5’-heptamethoxyflavone,
5,6,7,3',4',5'-hexamethoxyflavone,5,6,8,3",4",5'-
hexamethoxyflavone, and ageratochromene and
its two dimers were isolated and identified from
the A. conyzoides intercropped citrus orchard
soil. Three flavones and ageratochromene could
significantly inhibit the growth of weeds Bidens
pilosa, Digitaria sanguinalis and Cyperus dif-
formis and spores germination of soil pathogenic
fungi  Phytophthora citrophthora, Pythium
aphanidermatum and Fusarium solani. However,
two dimers of ageratochromene had no inhibi-
tory actions on them (Kong et al. 2004). Earlier
their studies showed flavones produced by and
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released from A. conyzoides could inhibit the
major fungal pathogens, such as Elsinoe fawcettii,
Colletotrichum gloeosporioides, Oidium tingi-
taninum and Capnodium citri in citrus orchard
(Hu et al. 2002). Ten flavones, including one gly-
coside, from A. conyzoides plant were isolated
and identified. The inhibitory effect of three
flavones  5,6,7,8,3",4’5'-heptamethoxyflavone,
5,6,7,3' 4’ ,5'-hexamethoxyflavone,and5,6,8,3",4",5'-
hexamethoxyflavone was stronger, not only than
those of other allelochemicals produced by and
released from A. conyzoides, but also than that of
Carbenzin, a commercial fungicide. The pres-
ence of these allelochemicals in soils suggests
that they may be able to make a major contribu-
tion to control some weeds and diseases in citrus
orchards. Hu and Kong (2002) found that the
allelopathic potential of A. conyzoides decreased
because of favourable growing seasons in spring
and summer. On the contrary, autumn and winter
were unfavourable growing seasons, and the
allelopathic potential of A. conyzoides increased.
In the laboratory, under high or low temperatures
and shading conditions, inhibitory effects of
allelochemicals of A. conyzoides on tested plants
intensified significantly at low concentration. It
revealed that under unfavourable growing
conditions, tested plants resistance to the
allelochemicals of A. conyzoides decreased.
When A. conyzoides and tested plants both grew
under unfavourable meteorological conditions,
allelopathic potential of A. conyzoides increased
and the tested plants resistant ability to allelo-
chemical decreased. Kong et al. (2005) demon-
strated that A. conyzoides produced and released
volatile allelochemicals into the air in the inter-
cropped citrus orchard, and these volatiles
influenced the olfactory responses of predatory
mite Amblyseius newsami, an effective natural
enemy of citrus red mite and citrus red mite
Panonychus citri. At test temperature (25 °C),
A. conyzoides fresh leaves, its essential oil, and
major constituents, demethoxy-ageratochromene,
B-caryophyllene, a-bisabolene, and E-B-farnesene,
attracted A. newsami and slightly repelled P. citri.
Field experiments demonstrated that spray-
ing A. conyzoides essential oil emulsion in an
A. conyzoides nonintercropped citrus orchard
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increased the population density of A. newsami
from below 0.1 to over 0.3 individuals per leaf,
reaching the same level as in an A. conyzoides
intercropped citrus orchard. However, this effect
could not be maintained beyond 48 hours because
of the volatility of the essential oil. In contrast, in
the A. conyzoides intercropped citrus orchard,
A. conyzoides plants continuously produced
and released volatile allelochemicals and main-
tained the A. newsami population for a long
time. The results suggested that intercropping of
A. conyzoides not only made the citrus orchard
ecosystem more favourable for the predatory
mite A. newsami, but also that the volatile allelo-
chemicals released from A. conyzoides regulated
the population of A. newsami and P. citri. Gravena
et al. (1993) observed lower incidences of mites
Phyllocoptruta oleivora and Brevipalpus phoeni-
cis and higher population densities of predatory
phytoseiids in citrus trees with green ground
cover of Ageratum conyzoides and Eupatorium
pauciflorum than in trees without weeds.

Comments

Ageratum conyzoides is considered an invasive,
noxious environmental weed in Asia, Africa,
America, and the Pacific Islands.
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Argyranthemum frutescens

Scientific Name

Argyranthemum frutescens (L.) Sch. Bip.

Synonyms

Anthemis frutescens Voss, Chrysanthemum
floridum Salisb., Chrysanthemum foliosum
Brouss. ex DC., Chrysanthemum frutescens L.,
Chrysanthemum fruticosum Buch, Matricaria
frutescens (L.), Pyrethrum frutescens (L.) Gaertn.,
Pyrethrum frutescens (L.) Willd.

Family

Asteraceae

Danish: Almindelig Buskmargerit

Dutch: Struikmargriet

Finnish: Marketta (Kasvi)

French: Anthémis, Marguerite

German: Strauchmargerite

Italian: Margherita Delle Canarie

Marjocan: Margalidera Gran, Margalides,
Margaridera

Spanish: Margarita

Swedish: Buskmargerit

Origin/Distribution

The species is native to Canary Islands in
Macaronesia. It has naturalized in Australia, New
Zealand, East Europe, Ukraine and is adventive
in Norway, Germany, and Italy.

Common/English Names

Boston Daisy, Cobbity Daisy, Dill Daisy,
Federation Daisy, Marguerite, Marguerite Daisy,
Paris Daisy, Paris Marguerite, Summer Daisy,
Teneriffe Daisy, White Marguerite

Vernacular Names

Catalan: Margaridera
Czech: Kopretinovec Dfevnaty

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers,

Agroecology

Marguerite Daisy thrives in areas with a
Mediterranean to subtemperate climate. It grows
easily in moderately fertile, medium-textured
and well-drained soils. It is wind and salt
tolerant.

Edible Plant Parts and Uses

The flowers are edible (Rop et al. 2012).
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Botany

A short-lived, perennial herb or subshrub 10-80
(=150 cm) high with a prostrate to erect,
branched, glabrous stem. Leaves are alternate,
2-3 pinnately divided, lobes wedge-shaped to
linear, ultimate margins serrated rarely entire
(Plate 1). Inflorescence a lax irregular cyme
often reduced to a solitary capitulum. Involucre
hemispherical cup-shaped, phyllaries in 3-4
series, free, persistent in fruit, oblanceolate or
ovate to lanceolate-deltate or lanceolate, mar-
gins and tips yellow to brown, scarious, tips of
inner often expanded; receptacle convex to
conic. Ray flowers 12 to >25, ray ovate to linear,
female, white, sometimes pink or yellow. Disk
flowers 50-80 to >150, bisexual, fertile, corolla
white, yellow (pink, red or purple), tubular,
5-deltoid lobed, anther with ovate tips, styler tip
truncate, papillate (Plates 1, 2 and 3). Fruit sub-
terete or obovoid achene, faintly 5-8 ribbed
without pappus.

Nutritive/Medicinal Properties

Rop et al. (2012) reported that edible flowers
of Argyranthemum frutescens had a dry matter
content (%w/w) of 9.57 %, crude protein of
6.85 g/kg, and the following elements (mg/kg)
fresh mass (FM): P 428.36 mg, K 2617.24 mg,
Ca 258.55 mg, Mg 105.26 mg, Na 89.10 mg, Fe
5.15 mg, Mn 7.86 mg, Cu 2.20 mg, Zn 5.49 mg,
and Mo 0.30 mg.

Argyranthemum frutescens flowers were found
to emit the benzenoid volatile, phenylacetal-
dehyde. to attract foraging insects like moths
(Cunningham et al. 2006).

Leaf extract of A. frutescens containing
biologically active components such as tetra-
decanoic acid, pentadecanoic acid, hexa-
decanoic acid, phytol, linalool, 1,8cineole,
and 9, 12, 150ctadecanoic acid was found to
be effective against the damping-off pathogen
of sugar beet, Sclerotium rolfsii (Derbalah
et al. 2012a).

Daisy

Plate 3 Bright pink Marguerite Daisy flower

Antioxidant Activity

Marguerite Daisy was found to have a total anti-
oxidant capacity of 4.24 g ascorbic acid equiva-
lent/kg fresh mass (FM), a total phenolic content
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of 2.53 g gallic acid/kg/FM, and total flavonoid
content of 1.23 g rutin/kg FM (Rop et al. 2012).

Traditional Medicinal Uses

Marguerite Daisy has been used in the treatment
of whooping cough, asthma and nervous excit-
ability. The sticky leaves have been used in
wound dressing. An eye lotion for conjunctivitis
can be made from the flowers.

Other Uses

The species, cultivars and hybrids are planted as
ornamental plants in gardens and parks. The flowers
are also used for cut flower arrangements.

The leaves have insecticidal properties.
Derbalah et al. (2012b) found that increasing
the concentration level of all tested treatments
(from 100 to 300 ppm) reduced the emergence of
the rice weevil, Sitophilus oryzae, even more
(concentration dependent) malathion (86 %)
followed by Caesalpinia gilliesii (79 %) extract
and Chrysanthemum frutescens leaf extract
(73 %), while Cassia senna extract was the least
effective. The results showed that C. gilliesii
(100 %) was the most effective treatment against
S. oryzae adults followed by C. frutescens (95.6 %),
Thespesia populnea var. acutiloba (88 %),
Euonymus japonicus (85 %), Bauhinia purpurea
(75 %), C. senna (80 %), and Cassia fistula (70 %),
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respectively. Malathion (100 %) and C. gilliesii
(100 %) extract were the most effective treat-
ments on adult’s mortality of S. oryzae after
2 weeks, while C. fistula extract (70 %) was the
least effective.

Comments

The species is regarded as environmental weed in
South Australia and Western Australia.
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Bellis perennis

Scientific Name

Bellis perennis L.

Synonyms

Aster bellis E.H.L. Krause, Bellis alpina
Hegetschw., Bellis armena Boiss., Bellis croatica
Gand., Bellis hortensis Mill., Bellis hybrida Ten.,
Bellis integrifolia DC., Bellis margaritifolia
Huter, Bellis minor Garsault (inval.), Bellis
perennis var. caulescens Rochebr., Bellis peren-
nis f. discoidea D.C. McClint., Bellis perennis
var. fagetorum Lac., Bellis perennis var. hybrida
(Ten.) Fiori, Bellis perennis subsp. hybrida (Ten.)
Nyman, Bellis perennis var. margaritifolia
(Huter) Fiori, Bellis perennis var. microcephala
Boiss., Bellis perennis f. plena Sacc., Bellis
perennis f. pumila (Arv.-Touv. & Dupuy) Rouy,
Bellis perennis var. pusilla N. Terracc., Bellis
perennis f. rhodoglossa Sacc., Bellis perennis
var. strobliana Bég., Bellis perennis var. sub-
caulescens Martrin-Donos, Bellis perennis var.
tubulosa F.J. Schultz, Bellis perennis f. tubulosa
A. Kern., Bellis pumila Arv.-Touv. & Dupuy,
Bellis pusilla (N. Terracc.) Pignatti, Bellis sca-
posa Gilib. [Invalid], Bellis validula Gand.
Erigeron perennis (L.) Sessé & Moc.

Family

Asteraceae

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers,

Common/English Names

Bairnwort, Bainswort, Banewort, Banwood,
Billy Button, Bruisewort, Child’s Flower
Common Daisy, Daisy, Day’s Eye, English
Daisy, European Daisy, Ewe-Gowan, Field Daisy
Flower of Spring, Gowan, Herb Margaret, Lawn
Daisy, Little Star, Maudlinwort, Measure of
Love, Moon Daisy, Open Eye, Perennial Daisy,
Silver Pennies, Woundwort

Vernacular Names

Albanian: Luleshgerre

Brazil: Margarida

Chinese: Chu Ju, Chu Ju Shu

Czech: Sedmikraska Chudobka

Dutch: Madeliefje

Eastonian: Harilik Kirikakar

Esperanto: Beliso, Lekanteto

Finnish: Kaunokainen

French: Fleure De Paques, Fleure De Pasturage,
Paquerette, Paquerette Commune, Paquerette
Vivace, Petite Marguerite

Gaelic: N6inin

German: Angerbleamerl, Augenbliimchen,
Ginsebliimchen, Gemeines Massliebchen, Himm-
elsblume, Maiblume, Marguerite, Marienb-
limchen, Massliebchen, Mehrjdhriges
Ginsebliimchen, Mondscheinblume, Miimmeli,
Regenblume, Tausendschon, Tausendschonchen

Hungarian: Szazszorszép, Vad Szazszorszép

Icelandic: Fagurtifill

204

DOI 10.1007/978-94-007-7395-0_14, © Springer Science+Business Media Dordrecht 2014



Bellis perennis

Italian: Bellide, Margherite, Margheritina,
Margheritina Dei Prati, Pratolina, Pratolina
Commune

Norwegian: Tusenfryd

Polish: Margarytka, Stokrotka Pospolita

Portuguese: Bela-Margarida, Bonina, Mae-De-
Familia, Margarida, Margarida-Comum, Margarida-
Inglesa, Margarida-Menor, Margarida-Rasteira,
Margarida-Vulgar, Margaridas, Margaridinha,
Margarita, Rapazinho, Rapazinhos, Sempre-Viva

Russian: Margaritka

Slovas$cina: Marjetica Navadna, Navadna Marjetica

Slovencina: Sedmokraska Obycajna

Spanish:  Chiribita, Chirivita,
Margarita, Margarita Comin,
Menor, Maya, Pascueta, Vellorita

Swedish: Bellis, Pytter, Tusenskona

Turkish: Cayir Papatyasi, Koyun Cigegi,
Koyungézii, Koyungoziiotu

Welsh: Llygad Y Dydd

Dormilona,
Margarita

Origin/Distribution

The species is native to western, central and north-
ern Europe and middle Asia. It has been intro-
duced to North America and New Zealand. The
species is widely naturalized in North America.

Agroecology

B. perennis is a cool climate perennial herba-
ceous plant grown as a biennial or annual. The
plant is found wild in meadows and uncultivated
pastures in its native range. It prefers full sun to
light shade and organically rich, fertile, consis-
tently moist and well-drained soils. It flowers
in spring and declines with summer heat where
it is often removed. The plant is intolerant of
drought.

Edible Plant Parts and Uses

The leaves and flowers are used as vegetables
(Yoshikawa et al. 2008). Flower buds and petals
have a mildly bitter taste and can be eaten raw, in
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salads, sandwiches, soups or as garnish or in tea
(Cribb and Cribb 1982; Facciola 1990). Young
leaves can be eaten raw in salads or cooked as
potherbs (Hedrick 1972; Larkcom 1980; Chiej
1984; Facciola 1990; Bown 1995).

Botany

An herbaceous perennial or annual plant,
10-25 cm high with creeping rhizomes and
sparsely strigose scape. Leaves basal and rosulate
with long winged petioles; lamina spatulate,
2-6 cm by 1-2.8 cm, with serrated to crenate
margins, attenuated base and apex obtuse, some-
times retuse, mucronulate (Plate 1). Capitula ter-
minal, solitary, 2-3 cm across (Plates 1, 2, 3 and
4). Involucre hemispheric or broadly campanu-
late, 5-6 mm; phyllaries 2-seriate, subequal,
oblanceolate, leaflike, surfaces pubescent, mar-
gin sparsely ciliate, midvein thin, translucent,
apex obtuse, scarious, ciliate. Ray florets white or
pinkish or in various shades of red, purple, pink
(Plates 1, 2, 3 and 4), lamina about 10x 1 mm;
disk florets yellow, 2 mm, limb campanulate,
about 1.5 mm, sparsely pubescent proximally,
lobes erect, triangular, eglandular. Cypselae stri-
gillose 1-2 mm. Pappus absent.

Nutritive Value and Medicinal
Properties

The major anthocyanin of red flowers of Bellis
perennis was identified as cyanidin 3-0-(6-O-
matonyl-4-0-(B-p-glucuronyl)-p-p-glucop-
yranoside) (Saito et al. 1988). The malonylantho
cyanin was more stable in neutral solution than
cyanidin 3-glucoside but less stable than cyanidin
3-glucuronylglucoside. The anthocyanins, cyani-
din 3-0-(4"-O-(malonyl)-2" O-(B-p-glucuronyl)-
B-p-glucopyranoside) and cyanidin 3-O-(2"-O-
(B-p-glucuronyl)-B-p-glucopyranoside) were iso-
lated from the red flowers of Bellis perennis
cv. ‘Super Siberius Crimson’ (Toki et al. 1991).
A known malonylated cyanidin 3-glucuronyl-
glucoside was also obtained as a major pigment,
and its structure was revised to the cyanidin
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Plate 1 Leaves and terminal white flower head

Plate 3 Close view of pink flower heads

Asteraceae

Plate 4 Close view of red flower heads

3-0-(6"-0-(malonyl)-2"-O-(B-p-glucuronyl)-p-
D-glucopyranoside). Seven acylated triterpene
saponins, perennisosides I-VII, were isolated
together with four known saponins, bellidioside A,
asterbatanoside D, bernardioside B 2 and bellissa-
ponin BS6 and were isolated from B. perennis flowers
(Morikawa et al. 2008). The structure of perenniso-
sideIwasdeterminedas23-O-acetylbayogenin28-
O-a-L-thamnopyranosyl(1 — 2)[-p-glucopyranosyl
(1 = 3)]-6-O-acetyl-pB-p-lucopyranoside; the struc-
ture of perennisoside II was elucidated as 23-O-
acetylbayogenin 28-O-R-L-thamnopyranosyl(1 — 2)
[p-p-galactopyranosyl (1 — 3)]-6-O-acetyl-p-p-
glucopyranoside; the structure of perennisoside
IIT was established as 3-O-f-p-glucopyranoside
of bayogenin 28-0-a-L-thamnopyranosyl(1 — 2)
[B-D-glucopyranosyl(1-3)]-6-0-acetyl-f-bp-
glucopyranoside; perennisoside IV was eluci-
dated as 3-O-f-p-glucopyranoside of bayogenin
28-0-a-L-thamnopyranosyl(l — 2)[f-D-
galactopyranosyl(l — 3)]-6-O-acetyl-B-p-
glucopyranoside; perennisoside V was assigned as
3-O-p-p-glucopyranoside of 23-O-acetylbayogenin
28-0-a-L-rhamnopyranosyl(1-2)[f-Dp-
glucopyranosyl(1-3)]-p-p-glucopyranoside; the
structure of perennisoside VI was determined as
3-0-B-p-glucopyranosideof23-O-acetylbayogenin
28-0-a-L-rhamnopyranosyl(l — 2)[f-D-
galactopyranosyl(1 — 3)]-pB-p-glucopyranoside
and the structure of perennisoside VII was eluci-
dated as 3-O-B-p-glucopyranoside of 23-O-acetyl-
bayogenin 28-O-R-L-rhamnopyranosyl (1 — 2)
[B-p-galactopyranosyl(1 — 3)]-6-O-acetyl-f-p-
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glucopyranoside. Five new oleanane-type triterpene
saponins named perennisosides VIII-XII were
isolated from the flowers (Morikawa et al. 2011).
Perennisoside VIII was determined to be 3-O-f-
p-fucopyranosyl-23-0-acetylbayogenin {28-O-a-
L-rhamnopyranosyl-(1 — 2)-[B-p-glucopy-
ranosyl(1 — 3)]-6-O-acetyl-p-p-glucopyranosyl}
ester; perennisoside IX was determined to be
3-0-B-p-fucopyranosyl-23-0O-acetylbayogenin
{28-0-a-L-rhamnopyranosyl(l — 2)-[B-bp-
galactopyranosyl(l — 3)]-6-O-acetyl-p-p-
glucopyranosyl} ester; perennisoside X was
determinedtobe3-O-f-p-glucopyranosyl-(1 — 3)-
p-p-glucopyranosyl-23-0O-acetylbayogenin
{28-0-a-L-rhamnopyranosyl(l — 2)-[f-D-
glucopyranosyl(1 — 3)]-6-0-acetyl-p-d-glucopy-
ranosyl} ester; perennisoside XI was 3-O-p-p-
glucopyranosyl-(1 — 3)-p-d-glucopyranosyl-23-
O-acetylbayogenin {28-O-a-1-rhamnopyranosyl
(1 - 2)-[B-p-galactopyranosyl(1 — 3)]-6-O-acetyl-
B-p-glucopyranosyl} ester and perennisoside XII
was elucidated as bayogenin {28-O-o-L-rhamnop-
yranosyl-(1 — 2)-[pB-p-galactopyranosyl
(1 = 3)]-[B-p-glucopyranosyl-(1 - 6)]-B-D-
glucopyranosyl} ester. Deacylation of perenniso-
sides VI, IX, X and XI afforded desacyl-
perennisoside VIII, desacyl-perennisoside IX,
desacyl-perennisoside X and desacyl-perennisoside
XL

Six acylated oleanane-type triterpene oligogly-
cosides, perennisaponins A, B, C, D, E and F,
were isolated from the flowers together with 14
saponins, nine flavonoids and two glycosides
(Yoshikawa et al. 2008). Seven new acylated
oleanane-type triterpene bisdesmosides desig-
nated perennisaponins G, H, I, J, K, L and M and
were isolated from the flowers (Morikawa et al.
2010). Several triterpene saponins (Glensk et al.
2001) and five new triterpene saponins perenniso-
sides VIII, IX, X, XI and XII were isolated from
Bellis perennis flowers (Morikawa et al. 2011).

Bellis perennis flowers were found to contain
the following flavonoid compounds: quercetin,
apigenin, apigenin 7-O-f-p-glucuronide, api-
genin 7-O-P-p-glucoside, apigenin 7-O-f-b-
methylglucuronide, apigenin 7-O-B-p-(6"-E-
caffeoyl)-glucoside, isorhamnetin, isorhamnetin
3-0-p-p-galactoside, isorhamnetin 3-O-p-p-(6"-
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acetyl)-galactopyranoside, kaempferol, kaempferol
3-0O-B-p-glucoside and kaempferol 3-O-B-p-
glucopyranoside (Gudej and Nazaruk 1997,
Nazaruk and Gudej 2000; Gudej and Nazaruk
2001; Nazaruk and Gudej 2001). Similar flavo-
noids were found in cultivated and wild daisy
flowers, while differences were noted in the fla-
vonoid composition of the leaves (Nazaruk and
Gudej 2001). The flavonoid contents were higher
in the flowers than in the leaves. In cultivated and
wild daisy flowers, apigenin, apigenin 7-O-3-p-
glucoside, apigenin 7-O-B-p-glucuronide, api-
genin 7-0O-p-d-methylglucuronide, kaempferol,
kaempferol 3-O-B-p-glucoside, isorhamnetin
3-O-p-p-galactoside, isorhamnetin 3-O-f-
D(6”-acetyl)-galactoside and quercetin were
detected. In the flowers of wild growing daisy,
apigenin 7-O-f-p-(6"-E-caffeoyl)-glucoside was
detected. In the leaves apigenin, apigenin 7-O-f3-
D-glucoside, apigenin  7-O-p-pD-glucuronide,
kaempferol, kaempferol 3-O-p-p-glucoside,
isorhamnetin 3-O-p-p-galactoside and quercetin
were found. Caffeic acid and seven of its deriva-
tives were isolated from leaves of Bellis perennis
(Scognamiglio et al. 2012). A novel glucuronos-
yltransferase, BpUGAT, involved in the biosyn-
thesis of flower pigments in the red daisy (Bellis
perennis) was purified (Sawada et al. 2005).
BpUGAT was a soluble monomeric enzyme with
a molecular mass of 54 kDa and catalyzed the
regiospecific transfer of a glucuronosyl unit
from UDP-glucuronate to the 2”-hydroxyl group
of the 3-glucosyl moiety of cyanidin 3-O-6"-O-
malonylglucoside. It was highly specific for
cyanidin 3-O-glucosides cyanidin 3-0-6"-O-
malonylglucoside and UDP-glucuronate.

The essential oil of B. perennis leaves and
flowers were found to contain polyacetylenes
(18-21 %) and terpenoids (Avato and Tava
1995). The major polyacetylenes identified were
methyl deca-4,6-diynoate (2,8-tetrahydromatri-
caria ester) and deca-4,6-diynoic acid. The
major polyacetylenes identified from the aerial
organs of Bellis perennis were methyl deca-
4,6-diynoate and deca-4,6-diynoic acid and
their structural analogues, deca-4,6-diyne,
dimethyl octa-3,5-diyne-1,8-dioate and deca-
4,6-diyne-1,10-dioic acid (Avato et al. 1997).
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A triterpenoid saponin isolated from B. perennis
named bellissaponin BS3 was shown to be identi-
cal to virgaureasaponin 2 previously isolated from
Solidago virgaurea (Schopke et al. 1990). Two
acylated triterpenoid saponins, bellissaponins BA1
and BA2, isolated from Bellis perennis were eluci-
dated as 3-O-o-L-rhamnopyranosyl and 3-O-f-p-
glucopyranosyl-2,3f,16a,23-tetrahydroxyolean-
12-en-28-oic acid-28-0-a-L-rhamnopyranosyl
(1 — 3)-p-p-xylopyranosyl(1 — 4)-a-L-rhamno-
pyranosyl(1 — 2)-[E-buta-2-enoic acid(1 — 4)]-p-p-
fucopyranoside (Schopke et al. 1991). Four
triterpenoid saponins were isolated from the under-
ground parts of Bellis perennis. Their structures
were elucidated as 3-O-f-p-glucopyranosides of
2,3, 16a-trihydroxyolean-12-ene-28-oic acid-
28-a-L-rhamnopyranosyl(l — 2)-[p-p-gluco-
pyranosyl(1 — 6)]-p-p-glucopyranoside,  2f,3,
23-trihydroxyolean-12-ene-28-oic  acid-28-O-
B-p-xylopyranosyl (1 — 2)-[B-d-glucopyranosyl
(1 —» 6)]-p-p-glucopyranoside and 2,3f,23-
trihydroxyolean-12-ene-28-oic acid-28-0-a-L-
rhamnopyranosyl(1 — 2)-[p-D-glucopyranosyl
(1 - 6)]-p-p-glucopyranoside and as 3-O-a-L-
rhamnopyranosyl-2f,3f,23-trihydroxyolean-12-
ene-28-oicacid-28-0O-f-p-glucopyranosyl(1 — 2)-
[B-p-glucopyranosyl(1 — 6)]-B-p-glucopyranoside
(Schopke et al. 1992). Four triterpenoid saponins
were isolated from the underground parts of Bellis
perennis and their structures were elucidated as
3-0-p-p-glycopyranosides of 2f,3f,16a-trihydr-
oxyolean-12-ene-28-oic  acid-28-a-L-rhamno
pyranosyl(1 — 2)-[p-p-glucopyranosyl(l — 6)]-
B-p-glucopyranoside, 2f,3f,23-trihydroxyolean-
12-ene-28-oic  acid-28-0-B-p-xylopyranosyl
(1 = 2)-[p-p-glucopyranosyl(l — 6)]-p-p-
glucopyranoside and 2f3,3f3,23-trihydroxyolean-
12-ene-28-oic  acid-28-0-a-L-rhamnopyranosyl
(1 = 2)-[p-d-glucopyranosyl(l — 6)]-p-b-
glucopyranoside and as 3-O-a-L-rhamno-
pyranosyl-2p,3p,23-trihydroxyolean-12-ene-
28-oic acid-28-0-f-d-glucopyranosyl(l —2)
-[B-d-glucopyranosyl(1 — 6)]-p-p-glucopyranoside
(Wray et al. 1992). Six acylated triterpenoid
saponins, bellisosides A-F, together with a known
saponin, bellissaponin BS2 were isolated from the
roots of Bellis perennis (Li et al. 2005).
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Antioxidant Activity

The antioxidant activity of the flowers using a
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging assay expressed as ICs, values var-
ied from 66.03 to 89.27 pg/ml; it is about 50, 30,
20 and 10 times lower as compared with querce-
tin, ascorbic acid, Trolox and butylhydroxytolu-
ene, respectively, and about 5 times higher in
comparison with apigenin-7-glucoside. The
contents of flavonoids in the flowers varied from
0.31 to 0.44 mg quercetin equivalent/100 mg
dry weight and from 1.37 to 2.20 mg apigenin-
7-glucoside equivalent/100 mg dry weight
(Siatka and KaSparova 2010). Total phenolics
ranged from 2.81 to 3.57 mg gallic acid equiva-
lent/100 mg dry weight. There is a significant
correlation between antioxidant activity and
total phenolics. No correlation between total
flavonoid contents and antioxidant activity was
observed. The aqueous extracts of aerial plant
parts showed higher DPPH scavenging activity
(85.8 % at 102.5 pg/ml) than the methanol
extract (Kavalcioglu et al. 2010). Reducing
power was also observed for both tested extracts,
where the formation of linoleic acid peroxides
was more for the aqueous extract than the meth-
anol extract.

Anxiolytic and Antidepressant
Activities

B. perennis aqueous flower extract was found to
elicit biphasic effects on both anxiety-like
behavior and learning performance of the rats
(Karakas et al. 2011). In the open field, rats
administered the high dose of B. perennis aque-
ous flower extract spent more time at the centre,
showed less mobility and velocity. In the ele-
vated plus maze, rats administered the high dose
of B. perennis caused to spend more time in the
open arms, spent less time in the closed arms,
were less mobile, were slower and rotated less
frequently. In the Morris water maze, rats admin-
istered the high dose of B. perennis spent more
of the time to find the platform.
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Oral administration of the crude ethanol
flower extract of B. perennis elicited anxiolytic
and antidepressant-like effects in mice (Marques
et al. 2012). In the open field test, there was a
significant decrease in the number of crossings at
dosages of 50, 100 and 150 mg/kg but no sedative
effects at any dosages when compared to con-
trols. In the forced swimming test (FST), the
extract dosage of 150 mg/kg was effective in
reducing immobility, along with a significant
increase in swimming time. The ethanol extract
showed strong antioxidant potential in vitro,
through the removal capacity against hydroxyl
radicals and nitric oxide as well as prevented the
formation of reactive substances to thiobarbituric
acid (TBARS).

Neuroprotective Activity

Results of animal studies suggested that the etha-
nol flower extract of B. perennis may modulate
epileptogenesis and promote anticonvulsant and
neuroprotective mechanisms in model of seizures
induced by pilocarpine (Marques et al. 2011).
Adult Swiss mice treated with pilocarpine exhib-
ited seizures that progressed to status epilepticus;
87.5 % of animals had brain damage in the hip-
pocampus and the damage rate in striatum was
75 %. Pretreatment with the ethanol flower extract
produced a significant reduction in these indices.

Antihyperlipidemic Activity

Among seven acylated triterpene saponins iso-
lated from B. perennis, perennisosides I and II
showed inhibitory effects on serum triglyceride
elevation at doses of 25-50 mg/kg, p.o. in olive-
treated mice (Morikawa et al. 2008). The metha-
nol extract from B. perennis flowers was found to
show pancreatic lipase inhibitory activity (ICsy
455 pg/ml). From the extract, seven new triter-
pene saponins named perennisaponins G (ICs,
163 pM), H (137 pM), I (147 pM), J (148 pM), K
(223 pM), L (81.4 pM) and M (195 uM) were
isolated as pancreatic lipase inhibitors (Morikawa
et al. 2010).
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Anticancer Activity

Six acylated triterpenoid saponins, bellisosides
A-F, together with a known saponin, bellissapo-
nin BS2 isolated from Bellis perennis roots exhib-
ited cytotoxic activities against HL-60 human
promyelocytic leukaemia cells (Li et al. 2005).

Antimicrobial Activity

Triterpenoid glycosides obtained Bellis perennis
inhibit the growth of human-pathogenic yeasts
(Candida and Cryptococcus species) (Bader et al.
1990). Ester saponin, bellissaponin from B. peren-
nis, exerted antifungal effect against Candida
albicans, Trichophyton rubrum, Trichophyton
mentagrophytes and Aspergillus niger (Willigmann
et al. 1992). The intensity of growth inhibition was
influenced particularly by the carbohydrate chains
of the glycosides. Monodesmosidic as well as bis-
desmosidic glycosides of polygalacic acid exerted
fungicidal effects. Of the major polyacetylenes
identified from the aerial organs of Bellis perennis
methyl deca-4,6-diynoate and deca-4,6-diynoic
acid and their structural analogues, deca-4,6-
diyne, dimethyl octa-3,5-diyne-1,8-dioate and
deca-4,6-diyne-1,10-dioic acid, only deca-4,6-diy-
noic acid and deca-4,6-diyne-1,10-dioic acid
showed antimicrobial activity, being mainly effec-
tive against Gram-positive and Gram-negative
bacteria (Avato et al. 1997).

Wound Healing Activity

Topically administered ointment prepared from
the n-butanol fraction of B. perennis flowers was
found to have a wound healing potential without
scar formation in circular excision wound model
in rats, verifying the traditional usage of B. peren-
nis for wound healing (Karakas et al. 2012).

Gastric Emptying Inhibition Activity

The methanol-eluted fraction of the methanol
extract from B. perennis flowers was found to
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inhibit gastric emptying in olive oil-loaded mice
at a dose of 200 mg/kg, per os (p.o.) (Morikawa
etal. 2011).

Antihaemorrhagic Activity

In a double-blind, placebo-controlled, random-
ized, clinical trial of 40 parturients, treatments
with homeopathic Arnica montana and Bellis
perennis were found to reduce postpartum blood
loss, as compared with placebo (Oberbaum et al.
2005).

Haemolytic activity

The haemolytic activity of B. perennis flower
head varied with seasonal changes, being lowest
in March, increasing to a maximum in summer
months (June, July, August), and then decreasing
again (Siatka and Kasparova 2003).

Antiulcerogenic Activity

Oral administration of the aqueous and methanol
extracts of B. perennis aerial parts (1,100 and
600 mg/kg) reduced gastric ulcers in rats with
ethanol-induced gastric ulcers. Both extracts
exhibited significant antiulcerogenic activity
(Agik et al. 2008).

Skin-Whitening Activity

The phytomedicine Belides (R) obtained from B.
perennis flowers exhibited a strong inhibitory
effect on melanogenesis (John et al. 2005). It was
found to contain bioactive constituents such as
saponins (triterpene glycosides), polyphenols
and polysaccharides. Results of a comparative
study conducted with Belides and arbutin, used at
equivalent polyphenol concentrations, revealed that
Belides was about twice as active as arbutin. Tests
carried out on melanoma cells (B16V) showed
that Belides controlled transcription of tyrosinase
expression, thus inhibiting its synthesis. In addition,
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Belides significantly decreased the release of the
peptide hormone endothelin (ET-1), the binding
capacity of alpha-MSH (melanocyte-stimulating
hormone) on the melanocortin receptor-1 (MC1-
R) and also melanosome uptake mechanisms.
Further, results of a pilot study performed on
human volunteers demonstrated the in-vivo skin-
lightening efficacy of Belides. The authors, thus,
recommended the use of Belides in skin-lighten-
ing cosmetics and for pigmentation disorders,
hyperpigmentation or age spots.

Traditional Medicinal Uses

Since antiquity, B. perennis has been used as a
diuretic, antispasmodic, antiinflammatory, astrin-
gent, antitussive, demulcent, digestive, emollient,
expectorant, laxative, purgative, tonic, anti-
pyretic, vulnerary, ophthalmic and homeostatic
in traditional medicine (Grieve 1971; Launert
1981; Chiej 1984; Phillips and Foy 1992; Bown
1995; Duke et al. 2002). It has been traditionally
used for wounds and was found useful in treating
delicate and listless children. It has been used in
folk medicine in the treatment of rheumatism and
as an expectorant (Schopke 1991). It has also
been employed as a vulnerary and against ecchy-
moses in veterinary medicine (Avato and Tava
1995). Yazicioglu and Tuzlact (1995) reported
that B. perennis was used to relieve stomach ache
in Trabzon, Turkey and for treating breast cancer
(Chiej 1984). The fresh or dried flowering heads
are normally used in infusions, decoctions, oint-
ments and poultices in the treatment of catarrh,
rheumatism, arthritis, liver and kidney disorders
as a blood purifier, etc. An ointment of the leaves
has been applied externally to wounds, bruises
and cuts and an aqueous extract used internally to
treat inflammatory disorders of the liver. Chewing
of leaves was said to cure oral ulcers. A strong
decoction of the roots has been recommended for
the treatment of scorbutic complaints and eczema,
while a mild decoction has been used to ease
complaints of the respiratory tract, rheumatic
pains and painful or heavy menstruation. The
herb has also been widely used in homeopathic
therapy.
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Other Uses

Bellis perennis is a popular ornamental, widely
cultivated in gardens and parks. This daisy is
widely steeped in magic and mythology; the
daisy is used magically in spells for love and lust
and thus associated with the goddess of love
Venus (Roman), Aphrodite (Greek) and Freya
(Norse). Daisies have traditionally been used for
making daisy chains in children’s games.

It was shown that the plant possessed antifun-
gal activity in vitro and in-vivo against
Ceratocystis ulmi, pathogen of Dutch elm disease
(Desevedavy et al. 1989).

Comments

The plant may be propagated by seeds or division.
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Calendula officinalis

Scientific Name

Calendula officinalis L.

Synonyms

Calendula aurantiaca Kotschy ex Boiss.,
Calendula eriocarpa DC., Calendula hydruntina
(Fiori) Lanza, Calendula officinalis var. prolifera
Hort., Calendula prolifera Hort. ex Steud.,
Calendula x santamariae Font Quer, Calendula
sinuata var. aurantiaca (Klotzsch ex Boiss.)
Boiss., Caltha officinalis (L.) Moench (nom.
illeg.)

Family

Asteraceae

Common/English Names

Bull’s Eye, Calendula, Common Marigold,
Cowbloom, Death Flower, Drunkard Gold,
English Marigold, Garden Marigold, Gold
Bloom, Golden Flower of Mary, Herb of the Sun,
Holligold, Hollygold, Marigold, Husband’s Dial,
Kingscup, Marybud, Marygold, May Orange,
Poet’s Marigold, Poor Man’s Saffron, Pot
Marigold, Ruddles, Scotch Marigold, Scottish
Marigold, Shining Herb, Summer’s Bride, Sun’s
Bride, Water Dragon

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers,

Vernacular Names

Albanian: Kalendula Mjekésore

Arabic: Ajamir, Djoumaira

Brazil: Caléndula

Chinese: Chin Chan Hua, Jin Zhén Ju

Croatian: Bile¢, Ljekoviti Neven, Mesicek,
Ognjac, Vridovno Zelje, Zimorod

Czech: Mésicek Lékarsky

Danish: Havemorgenfrue, Morgenfrue

Dutch: Goudsbloem, Tuinggoudsbloem

Eastonian: Harilik Saialill

Esperanto: Kalendulo,
Orfloro Kuraca

Finnish: Kehiikukka, Tarhakehidkukka

French: Calendule, Fleur De Souci, Fleurs De
Tous Les Mois, Gauche-Fer, Soubi, Souci,
Souci Des Jardins, Souci Officinal, Yous
Les Mois

German: Goldblume, Ringelblume, Ringelrose,
Sonnenwende

Hungarian: Kerti Kéromvirag, Kéromvirag

Iceland: Morgunfri

India: Genda, Surajmukhee, Zergul (Hindi),
Gulsarfi (Punjabi), Sendigai, Sendigai Poo
(Tamil), Banti (Telugu), Gul-E-Ashrafi (Urdu)

Italian: Calendola, Calendula, Calta, Fior
D’ogni, Fiorrancio, Fiorrancio Coltivato,
Fiorrancio Dei Gardine

German: Butterblume, Dotterblume, Echte
Ringelblume, Garten-Ringelblume,
Gartendotterblume, Goldblume, Ingelblum,
Rinderblume, Ringelblume, Ringelrose,
Ringula, Sonnenbraut, Sonnenwende,

Kalendulo Kuraca,
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Studentenblume, Totenblume, Warzenkraut,
Weckbroseln, Wucherblume

Japanese: Kinsenka, To Kinsenka

Korean: Kumjanhwa

Norwegian: Ringblom

Polish: Nagietek Lekarski

Portuguese: Caléndula, Belas-Noites, Boas-Noites,
Maravilhas, Margarida

Russian:  Kalendula, Nogot’ki, Nogot’ki
Lekarstvennye

Slova$cina: Ognji¢ Vrtni, Vrtni Ognji¢, Zdravilni
Ognjic¢

Slovenian: Nechtik Lekarsky, Vrtni Ognji¢

Spanish: Botéon De Oro,Caldo, Calendula,
Cempastchitl, Corona De Rey, Flamenquilla,
Flaminquillo, Flor De Difunto, Flor De Merte,
Maravilla, Mejorana, Mercadela, Rosa De
Muertos, Virreina

Swedish: Ringblomma, Solsicka, Solsocka

Turkish: Tibbi Nergis

Vietnamese: Ctic Kim Tién, Hoa Xu Xi, TAm Tu
Cuc, Xu Xi

Welsh: Melyn Mari

Origin/Distribution

The species is a native of the Mediterranean area,
but now Calendula has naturalized in many tem-
perate countries and is cultivated as ornamentals
in warm temperate and sub-temperate areas.

Agroecology

The plant grows well in full sun and tolerate most
soils—acidic, sandy, loamy and clayey soils with
pH 4.5-8.3—but does best on well-drained,
moist, loamy soil. In temperate areas, seeds are
sown in spring for blooms that last throughout
the summer and well into the fall.

Edible Plant Parts and Uses

Flowers and leaves are edible (Hedrick 1972;
Facciola 1990; Roberts 2000). Fresh petals are
chopped and added to salads or used as garnish in
dishes. The petals can be used in omelette, curry

Asteraceae

and custard (Roberts 2000). Dried petals have a
more intense flavour and are used as a seasoning
in soups, cakes, drinks and baked products. An
edible yellow dye is obtained from the flowers
and used as colorant for butter, cheese, drinks,
rice, soups, confectionery and baked products
and also used as a substitute for saffron. Calendula
was once known as ‘poor man’s saffron’ as its
extract was fed to hens to make their egg yolks
golden. An herbal tea can be prepared from the
flowers and petals. The leaves can be eaten raw in
salads.

Botany

The plant is usually grown as an annual, erect or
procumbent and branched, stipitate-glandular,
with a strong tap root. Leaves are sessile or
shortly petiolate, elliptic, obovate, oblong, oblan-
ceolate to spatulate, 3—12 (=16 cm) by 2-5 cm,
with entire margins, apex acute, base sometimes
clasping, sparsely arachnose on both surfaces
(Plates 1 and 2). Flower heads (capitula) borne
singly; involucre campanulate to hemispheric;
phyllaries linear-lanceolate, pubescent and in two
series; ray florets 15-50 (>100) in 1-3 or more
series, functionally female, with yellow to
orange, linear to oblanceolate corolla; central
disc florets 20-60 (>100), hermaphrodite but
functionally male, tubular with campanulate
throat, corolla yellow, orange (Plates 2 and 3),
reddish or purplish. Achene curved and tubercu-
late or transversely ridged.

Nutritive/Medicinal Properties
Flower Phytochemicals

Carbohydrates

The water soluble polysaccharide fraction
obtained from C. officinalis inflorescences were
found to contain 84.58 % pectic substances,
29.25 % ash, 9.25 % moisture, 25.77 % acidic
sugars, 31.25 % reducing sugars and 4.92 %
proteins and to have the following monosaccharide
composition comprising glucose, galactose,
arabinose, xylose, rhamnose and galacturonic
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Plate2 Yellow flowers in bloom

acid (Chushenko et al. 1988). Three homoge-
neous polysaccharides were isolated from
Calendula officinalis flowers (Varljen et al.

Plate 3 Close view of flower heads

1989). All three polysaccharides contained a
(1 —>3)-linked p-p-galactan backbone with
branching points at C-6. The side chains are com-
posedofshorta-Araf(1 — 3)-Araf,a-1-Rhap-(1 — 3)-
Araf or simple a-L-Araf units. The carbohydrate
composition of Calendula officinalis consisted of
free glucose and pectin substances with a low
degree of esterification (Khodzhaeva and
Turakhozhaev 1993). The monosaccharide com-
position of the stem comprised rhamnose, galac-
tose and galacturonic acid and the inflorescences
have rhamnose, galactose, glucose and galact-
uronic acid. Pectic substances were also found in
the stems and inflorescences.

Terpenoids

From Calendula officinalis flowers, five glyco-
sides of oleanolic acid were isolated and their
structuresestablishedas3-glucuronide;3-(galactosyl-
glucuronide); 3-(galactosyl-glucuronide); 17-glu-
coside; 3-(galactosyl-(glucosyl)-glucuronide); and
3-(galactosyl-(glucosyl)-glucuronide);
17-glucoside (Kasprzyk and Wojciechowski
1967). A number of alcohols representing differ-
ent types of pentacyclic triterpenes were identi-
fied in Calendula officinalis flowers (Kasprzyk
and Pyrek 1968). In the group of monohydroxy
alcohols, the following were identified: a-amyrin,
B-amyrin, taraxasterol and lupeol in addition
to previously isolated \-taraxasterol. In the
group of dihydroxyalcohols, the following were
identified: brein and calenduladiol (a new diol of
lupeol type) in addition to the previously isolated
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arnidiol and faradiol. The presence of four other
diols of the a-amyrin, f-amyrin and y-taraxasterol
types was observed. Alcohols of w-taraxasterol
type, possessing three and four hydroxyl groups,
were also isolated as well as a small amount of
oleanolic aldehyde. A new triterpene diol, urso-
diol, was isolated from dry Calendula officinalis
flowers (Sliwowski et al. 1973). Its structure was
confirmed as 3,21-di-OH-ursa-12-en. Kasprzyk
and Witkomirski (1973) isolated a triterpene triol
of a-amyrin type from the flowers. A triterpene
glycoside, calenduloside F, was isolated from the
flowers (Vidal Ollivier et al. 1988).

In Calendula officinalis flowers, triterpene
monols were found mainly in the chromoplast
fraction (68 % of total) with smaller amounts in
the cell debris, microsomal and supernatant frac-
tions; the mitochondrial fraction was almost
devoid of these compounds (Adler and Kasprzyk
1976). Triterpene diols were present exclusively
in the chromoplast fraction, 98 % in the form of
the 3-monoesters and 2 % in the form of diesters.
The data suggested that the hydroxylation of the
triterpene monols to the corresponding diols pro-
ceeded in the chromoplasts and the esterified
form of the monols was probably the substrate
for this reaction.

From Calendula officinalis flowers, five penta-
cyclic triterpene trihydroxyalcohols were isolated
and identified as olean-12-ene-3f,16p,28-triol,
lup-20(29)ene-3p,16p,28-triol, tarax-20-ene-3p,
16B,22a-triol, tarax-20-ene-3f,16f,30-triol and
ursa-12-ene 3p,16p3,21-triol (Witkomirski 1985).
Gracza (1987) identified the following terpenoids
from the flowering heads: menthone, isomen-
thone, caryophyllene and an epoxide and ketone
derivative, pedunculatine, o- and f-ionone, a
f-ionone epoxide derivative and dihydroactinid-
iolide. Triterpenoids found in the flowers included
faradiol monoester, monools -taraxasterol,
lupeol, taraxasterol and pB-amyrin (Della Loggia
et al. 1994). Eleven triterpene alcohols helianol,
taraxasterol, y-taraxasterol, a-amyrin, f-amyrin,
lupeol, taraxerol, cycloartenol, 24-methyl-
enecycloartanol, tirucalla-7,24-dienol and dam-
maradienol were isolated from the tubular flowers
of Calendula officinalis, Carthamus tinctorius,
Cosmos bipinnatus, Chrysanthemum morifolium,
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Helianthus annuus and Matricaria matricarioi-
des (Akihisa et al. 1996). All the flowers shared a
common characteristic feature by containing
helianol as the most predominant component (29—
86 %) in the triterpene alcohol fractions.

From the 1-butanol-soluble fraction of the
methanol flower extract of Calendula officinalis,
four new triterpene oligoglycosides, calendasa-
ponins A, B, C and D, were isolated, together
with eight known saponins, seven known flavo-
nol glycosides and a known sesquiterpene gluco-
side (Yoshikawa et al. 2001). They also isolated
two new ionone glucosides (officinosides A
and B) and two sesquiterpene oligoglycosides
(officinosides C and D) from the flowers of
Egyptian Calendula officinalis (Marukami et al.
2001). One new triterpenoid of oleanane-series,
cornulacic acid acetate (1), along with oleanolic
acid acetate was isolated from Calendula offici-
nalis flowers (Naved et al. 2005). The structure of
(1) was established as 3p-acetoxy-olean-12-en-
27-oic acid and oleanolic acid acetate was char-
acterized as 3p-acetoxy-olean-12-en-28-oic acid.

Ten oleanane-type triterpene glycosides,
1-10, calendulaglycoside A (1), calendulaglyco-
side A6’-O-n-methyl ester (2), calendulaglyco-
side A 6'-O-n-butyl ester (3), calendulaglycoside
B (4), calendulaglycoside B 6’-O-n-butyl ester
(5), calendulaglycoside C (6), calendulaglyco-
side C 6’-O-n-methyl ester (7), calendulaglyco-
side C 6’-O-n-butyl ester (8), calenduloside F
6’-O-n-butyl ester (9) and calenduloside G
6’-O-n-methyl ester (10), along with five
known flavonol glycosides, 11-15 isorhamnetin-
3-O-neohesperidoside, isorhamnetin-3-O-
2-thamnosyl  rutinoside, isorhamnetin-3-O-
rutinoside,quercetin-3-0O-glucoside and querce-
tin-3-O-rutinoside, were isolated from the flowers
of Calendula officinalis (Ukiya et al. 2006).

Lipids

Sterol esters as well triterpene monol and diol
esters isolated Calendula officinalis flowers were
found to contain as alcohol components all the
types of sterols and triterpenic alcohols present in
the plant (Wojciechowski et al. 1972). Sterols
and triterpene monols were esterified with acetic,
lauric, myristic and palmitic acids. Triterpene



Calendula officinalis

diols were esterified with lauric, myristic and pal-
mitic acids. The main diol esters were
3-monoesters; diesters were present only in very
small amount.

In C. officinalis ligulate flowers, it was shown
that all free and ester-bound sterols and triterpene
monols in both forms occurred in the chromo-
plast fraction and in the chromoplast-free frac-
tion, whereas all diols were localized only in the
chromoplast fraction (Wilkomirski and Kasprzyk
1979). The compositions of the fatty acids esteri-
fying monols and sterols were similar to those
esterifying diols in the chromoplasts. However,
the fatty acids esterifying extra-chromoplast
monols and sterols were different. This result
indicated triterpene monol esters to be substrates
for the biosynthesis of 3-monoesters of diols.
Faradiol esters, namely, faradiol-3-myristic acid
ester, faradiol-3-palmitic acid ester and
y-taraxasterol, were isolated from C. officinalis
flower heads (Zitterl-Eglseer et al. 1997).

The main compounds of lipophilic extracts of
flower heads of Calendula officinalis comprised
triterpendiol esters, mainly faradiol laurate, fara-
diol myristate and faradiol palmitate (Zitterl-
Eglseeretal.2001). Thesefaradiol-3-O-monoesters
were quantified in different parts of C. officinalis
plants, namely, ray florets, disc florets, involucral
bracts, receptacles, leaves and seeds. The con-
tents of the esters were highest in ray florets,
approximately ten times lower in disc florets than
in the ray florets, and approximately ten times
lower in involucral bracts than in the disc florets.
In the leaves only traces of the esters could be
detected, and in the receptacles no esters could be
detected at all. Quantification in the seed was not
possible using this method because of interfering
fatty compounds.

Dichloromethane extract of dried flowers
of Calendula officinalis was found to contain
eight known bioactive pentacyclic terpenoids
and triterpendiol monoesters, namely, faradiol-
3-O-palmitate, faradiol-3-O-myristate, faradiol-
3-O-laurate, arnidiol-3-O-palmitate, arnidiol-3-
O-myristate,arnidiol-3-O-laurate,calenduladiol-3-
O-palmitate and calenduladiol-3-O-myristate
(Neukirch et al. 2004). Of the ten varieties of
C. officinalis investigated, calypso orange florensis
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produced the highest amounts of the bioactive
monoesters, followed by Fiesta Gitana Gelb and
may orange florensis. The lipophilic extract from
the flowers of calypso orange florensis variety
also contained low levels of the newly character-
ized calenduladiol-3-O-laurate.

Marigold also has oleoresins. The solubility of
Marigold (Calendula officinalis) oleoresin in
supercritical CO, (SC-CO,) varied from
4.74x10™* to 17.04x10* g oleoresin/g CO,
(Danielski et al. 2007). The use of palm oil as
cosolvent for SC-CO, extraction of Marigold
flower was found to enhance the yield of lutein
fatty acid esters by approximately 16 %, with the
most suitable concentration being 10 % w/v palm
oil (Palumpitag et al. 2011). Under this condition,
approximately 87.2 % recovery of lutein fatty
acid esters was obtained after 4 hours extraction
at 60 °C and 40 MPa. Furthermore, saponifica-
tion of the Marigold oleoresin for 3 hours with
2 ml of 40 % (w/v) KOH solution per 1 g of
oleoresin resulted in the maximum conversion of
lutein esters, giving approximately 157.24.4 mg
of free lutein/g oleoresin.

Carotenoids

The carotenoid content was higher in orange
varieties of C. officinalis: 276 mg/100 g fresh
flowers for Double Esterel Orange variety and
111 mg/100 g fresh flowers for Radio Extra vari-
ety (Pintea et al. 2003). All varieties contain the
same pigments (xanthophylls) but there were
significant differences for the ratio between indi-
vidual pigments. The main pigments identified
were flavoxanthin, lutein, rubixanthin, f-carotene,
y-carotene and lycopene. The great majority of
xanthophylls present had a p-e structure: flavo-
xanthin, lutein and luteoxanthin. Zeaxanthin
(3,3'-dihydroxy-p, p-carotene) was present in
small amount, as well as their epoxides: anther-
axanthin, mutatoxanthin and auroxanthin. Other
carotenoids present included neoxanthin, lactu-
caxanthin and o-carotene. Orange varieties
contained higher amounts of hydrocarbons,
44.5 % of total carotenoid in Double Esterel
Orange, while yellow varieties contain mostly
oxygenated derivatives, 97 % of total carotenoids
in Double Esterel Jaune. In the orange varieties, a
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preferential biosynthesis of hydrocarbons with
y-y and B-y structure and of monoxanthophylls
with B-y (or a-y) structure was noted.

In the petals and pollens of Calendula offici-
nalis, the main carotenoids were flavoxanthin
and auroxanthin while the stem and leaves mostly
contained lutein and p-carotene (Bakd et al.
2002).

Carotenoids present in C. officinalis cv Alice
Orange flowers in percent of total carotenoids
(Kishimoto et al. 2005) and in pg/g fresh weight
(Kishimoto et al. 2007) were respectively (8'R)-
luteoxanthine 11 % 186.6 pg; lutein-5,6-epoxide
1.6 % 27.1 pg; (8R)-lutein-5,8-epoxide (flavo-
xanthin) 28.5 %, 483.4 pg; (8R,8'R)-auroxanthin
7.1 %, 120.4 pg; (9'2)-lutein-5,6-epoxide 5 %,
84.8 pg; lutein 2 % 33.9 pg; antheraxanthin 1 %
17.0 pg; (92)-lutein 0.6 %, 10.2 ng; (5'2,9'2)-
rubixanthin 4 %, 67.8 pg; a-carotene 0.8 %,
13.6 pg; P-carotene 3.4 %, 57.7 pg; (5'2)-
rubixanthin 3 %, 50.9 pg; d-carotene 1.4 %,
237 pg; (5292,5'29'7Z)-lycopene 4.1 %,
69.5 pg; y-carotene 2 %, 339 ng; (5'2)-y-
carotene 4.4 %, 74.6 pg; (52,92,5'Z)-lycopene
3.5 %, 59.4 ng; (52,9Z)-lycopene 4.1 %, 69.5 pg
and (all — E)-lycopene 8.7 %, 147.6 pg. The
carotenoid composition in Alice Yellow flowers
were (8'R)-luteoxanthin 15.6 %, 195 pg; lutein-
5-6-epoxide 3.2 %, 40 pg; (8R)-lutein-5,8-
epoxide (flavoxanthin) 42.6 %, 532.5 pg;
(8R,8'R)-auroxanthin 10.7 %, 133.7 pg; (9'2)-
lutein-5,6-epoxide 8.5 %, 106.2 pg; lutein 5 %,
62.5 pg; antheraxanthin 2.5 %, 31.2 pg; (92)-
lutein 1.5 %, 18.7 pg; and P-carotene 1.0 %,
12.5 pg. Total carotenoids in C. officinalis Alice
orange was 1696.2 pg/g FW comprising 963.4 pg
of yellowish carotenoids and 668.3 pg of reddish
carotenoids and total carotenoids in Alice yellow
was 1249.9 pg/g FW comprising 119.9 pg of yel-
lowish carotenoids and 1.2 pg of reddish carot-
enoids (Kishimoto et al. 2007).

Studies showed that solvent had an influence
on the stability of carotenoids in oil extracts of
Calendula officinalis (Bezbradica et al. 2005).
The highest degradation rates were observed in
extracts prepared with linoleic acid-rich solvents
(sunflower oil, soybean oil and grape seed oil),
while the lowest were found in oil with saturated
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fatty acids (Myritol 312®) and paraffin oil.
Studies showed that saline irrigation water
decreased the fresh and dry weights of Calendula
officinalis flower heads and pigment contents
(total flavonoids and total carotenoids) but
increased essential oil yield and its main compo-
nents (a-cadinol, y- and &-cadinene) (Khalid and
da Silva 2010). Fresh and dry weights of flower
heads and essential oil increased towards the full
bloom stage of flowering while pigment content,
such as total flavonoids and total carotenoids,
increased.

Flavonoids

Eight flavonoids were isolated from C. officinalis
inflorescence: two aglycones (quercetin, iso-
rhamnetin) and six glycosides (isoquercetin,
isorhamnetin 3-O-f-D-glucoside, narcissin, calen-
doflaside, calendoflavoside and calendoflavobio-
side) (Komissarenko et al. 1988). Seven flavonol
3-O-glycosides were isolated from the flowers
of Calendula officinalis and elucidated as
isorhamnetin 3-O-glucoside, rutinoside, neo-
hesperidoside, quercetin glucoside and 2
(G)-rhamnosylrutinoside (Vidal-Ollivier et al.
1989). Bilia et al. (2001) identified narcissin, rutin,
isoquercitrin, quercetin-3-O-rutinosylrhamnoside,
isorhamnetin-3-O-rutinosylrhamnoside, isorham-
netin-3-0O-glucosylglucoside and isorhamnetin-3-
O-glucoside in C. officinalis flowers. The
triglycoside isorhamnetin-3-O-a-1-thamnopyra-
nosyl-(1 — 2)-O-[a-1-thamnopyranosyl-(1 — 6)]-
B-D-glucopyranoside together with the already
known glycosides isorhamnetin-3-O-f-D-gluco-
pyranoside and isorhamnetin-3-O-a-1-rthamnopyra-
nosyl-(1 — 6)-O-p-p-glucopyranoside (narcissin)
was isolated from Calendula officinalis flowers
(Masterova et al. 1991). The total content of flavo-
noids in ligulate ray florets and tubular discflorets
inclusively involucre was found to be 0.88 and
0.25 %, respectively.

The following flavonoids isorhamnetin
(3'-metoxy-4',3,5,7-tetrahydroxyflavone),
isorhamnetin-3-O-glucoside, rutin, quercetin glu-
coside, quercetin-neohesperoside and quercetin-
2G-rhamnosil-rutinoside were isolated from
flowers and found to have good antioxidant
activity (Albulescu et al. 2004). Two flavonoids
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were isolated from the flowers and identified as
isorhamnetin 3-O-rutinoside (narcissin) querce-
tin  3-O-B-p-glucopyranoside  (isoquercitrin)
(Kurkin and Sharova 2007). Patulitrin (1) and
patuletin (2) were found only in Marigold flowers
during and after flowering (Guinot et al. 2008). A
water-ethanol mixture gave a high extraction effi-
ciency of both flavonoids.

Essential Oil

Crabas et al. (2003) reported that the essential oil
of Calendula officinalis obtained from dried
flowers in Italy contained methyl hexadecanoate
(23.8 %), methyl linoleate (18.6 %), methyl
9,12,15-octadecatrienoate (17.2 %), methyl octa-
decanoate (4.8 %), methyl tetradecanoate
(4.6 %), g-cadinene and cubenol (4.0 %),
d-cadinene (3.2 %), a-cadinol (1.8 %) and oplo-
panone (1.3 %). Essential oil constituents of
C. officinalis flower head (French source) and
Slovakian source without fertilizer application,
respectively, were p-pinene 0.45 %, 0.38 %,
a-pinene 2.47 %, 2.18 %, myrcene 0.19 %,
0.29 %, phellandrene 2.76 %, 0.74 %, p-cymene
2.76 %, 2.22 %, limonene 19.16 %, 18.28 %,
19.61 %, terpinene 0.98 %, 1.578 %, caryophyl-
lene 0.96 %, 1.06 %, 1,18cineole 0.47 %, 0.66 %,
linalool 20.88 %, linalyl acetate 36.5 %, 38.64 %,
camphor 1.98 %, 5.63 %, borneol 0.96 %, 1.84 %,
carvone 0.43 %, 2.54 %, geraniol 2.66 %, 1.9 %,
geranyl acetate 0.17 %, 0.17 % and caryophyl-
lene oxide 0.44 %, 1.05 % (Naguib et al. 2005).
In another study, essential oil constituents from
Calendula officinalis flowers from steam distilla-
tion were identified as a-copaene 0.9 %, a-ionone
1.5 %, a-humulene 1.2 %, geranylacetone 1.6 %,
y-muurolene 2.3 %, f-ionone 3.2 %, ledene
2.3 %, a-muurolene 5.6 %, y-cadinene 8.9 %,
O0-cadinene 22.5 %, o-cadinene 09 %,
a-calacorene 2.3 %, caryophyllene oxide 0.5 %,
copaene-4-a-ol 0.6 %, P-oplopenone 1.7 %,
viridiflorol 2.2 %, ledol 1.3 %, 1,10-di-epi-
cubenol 1.6 %, epi-a-muurolol 12.9 %, a-cadinol
20.4 % and cadalene 0.8 % (Gazim et al. 2008).
Volatile constituents from Calendula officinalis
flowers from headspace solid-phase microextrac-
tion were p-cyclocitral 2.1 %, a-cubebene 1.8 %,
a-copaene 15.1 %, B-cubebene 1.8 %, a-gurjunene
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2.7 %, B-caryophyllene 2.7 %, a-ionone 2.3 %,
o-humulene 3.9 %, y-muurolene 5.3 %, f-ionone
3.9 %, a-muurolene 6.2 %, y-cadinene 25.5 %,
8-cadinene 22.1 % and a-cadinene 2.3 % (Gazim
et al. 2008). Volatile constituents from Calendula
officinalis flowers from headspace cold finger
extraction were o-copaene 18.4 %, [-cubebene
3.7 %, a-gurjunene 4.2 %, -caryophyllene 8.6 %,
o-humulene 3.9 %, y-muurolene 4.7 %,
a-muurolene 5.8 %, y-cadinene 24.9 %, 5-cadinene
18.6 % and a-cadinene 2.3 % (Gazim et al. 2008).

Twenty-four compounds were identified in the
fresh flower oil of C. officinalis, and the yield was
0.09 % (Okoh et al. 2008). Sesquiterpenoids
dominated the fresh flower oil. Major compo-
nents of the fresh flower oil were a-thujene
(26.9 %), T-muurolol (24.9 %) and &-cadinene
(13.1 %).

Coumarins

The ethanol extract of the flowers was found to
contain coumarins—scopoletin, umbelliferone
and esculetin (Derkach et al. 1987).

Terpenoids, Flavonoids and Phenolic
Acids

Triterpenoid esters purified from C. officinalis
flower heads included faradiol-3-O-laurate,
faradiol-3-O-myristate and faradiol-3-O-
palmitate (Hamburguer et al. 2003). Accom-
panying minor compounds of the triterpene ester
fraction purified included maniladiol 3-O-laurate,
maniladiol-3-O-myristate, -taraxasterol and
p-amyrin. Oleanolic acid, f-amyrin, B-amyrin
acetate, rutin, narcissin, 3-glucoside of isorham-
netin, quercetin, isoquercitrin, vanillic acid, caf-
feic acid, chlorogenic acid, protocatechuic acid,
p-coumaric acid and syringic acid were identified
in the flower extract (Matysik et al. 2005). Ten
oleanane-type triterpene glycosides were isolated
from the flowers: calendulaglycoside A (1),
calendulaglycoside A6’-O-n-methyl ester (2),
calendulaglycoside A 6’-O-n-butyl ester (3),
calendulaglycoside B (4), calendulaglycoside
B 6'-O-n-butyl ester (5), calendulaglycoside C
(6), calendulaglycoside C 6’-O-n-methyl ester
(7), calendulaglycoside C 6’-O-n-butyl ester
(8), calenduloside F 6’-O-n-butyl ester (9) and
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calenduloside G 6'-O-n-methyl ester (10)
(Ukiya et al. 2006).

Miscellaneous Phytochemicals

Eighteen n-paraffins ranging from Cig to C;5 were
detected in the petals of Calendula officinalis
(Komae and Hayashi 1971). The flowers also
contained the bitter principle loliolide (calendin)
(Willuhn and Westhaus (1987) and a tasteless
yellow substance calendulin discovered by
Geiger in 1819 (Shoemaker 1891).

Seed Phytochemicals

Fatty acid composition of the seed oil revealed
the presence of lauric (3.90 %), myristic (3.58 %),
palmitic (14.96 %), stearic (10.13 %), palmi-
toleic (4.55 %), oleic (16.26 %), linoleic
(39.45 %) and linolenic (7.15 %) acids (Saleem
et al. 1986). In the seed oil, conjugated acid was
present to the extent of 4.5 % whereas the per-
centage of non-conjugated acid (linolenic acid)
was only 2.65 %. The residual meal after the
extraction of oil was also studied for its proteins
(18 %) and amino acids composition.

The amounts (%) of lipids in C. officinalis
seeds were: neutral lipids, 15.7 %; glycolipids
(GLs), 0.9 %; and phospholipids (PhLs), 0.6 %
(Ul’chenko et al. 1998). The lipid yield of extracts
from the flowers (EF) was 17.1 % and from the
leaves (EL) 9.3 %. The following classes of lipids
were found (% by weight) hydrocarbons, 0.9 %:;
esters of sterols and triterpenols with fatty
acids, 0.5 %; triacylglycerols (TAGs), 20.0 %
comprising TAGs-I, 59.0; TAGs, 2-11.8 %;
TAGs, 3-4.3 %; free fatty acids, trace; hydroxy-
TAGs, 0.8 %; free sterols and free triterpenols,
0.4 %; diacylglycerols and monoacylglycerols,
1.2 %; and unidentified components, 1.1 %.
The phospholipid complex of Marigold seeds
consisted of eight classes, which may be
arranged in order of content by weight as
follows: PCs (phosphatidylcholines)>PIs
(phosphatidylinositols) > N-acyl-PEs (N-acyl
phosphatidylethanolamines) > N-acyl-lyso-PEs
(N-acyl-lyso-phosphatidylethanolamines) >
lyso-PIs  (lyso-phosphatidylinositols) >PSs

Asteraceae
(phosphatidylserines) >1yso-PCs  (lyso-phos-
phatidylcholines) >PEs (phosphatidylethanol-

amines). The glycolipids of the seeds were
represented by four components forming the
following sequence by mass content: SGs (steryl-
glycosides)>ESGs (ester sterylglycosides)>
MGDGs  (monogalactosyldiacylglycerols) >
DGDGs (digalactosyldiacylglycerols).

The lipid content of seed of 11 genotypes var-
ied between 13.6 and 21.7 g 0il/100 g seeds (Dulf
et al. 2013). PUFA contents varied between 60.4
and 66.4 %, while saturates comprising mainly
palmitic and long chain saturated fatty acids were
found in higher amounts in sterol esters (49.3—
55.7 % of total fatty acids). Calendic acid [18:3
(8¢, 10t, 12¢) (n—6)] with contents of 51.47—
57.63 % of total fatty acids was the predominant
polyunsaturated fatty acid (PUFA) followed by
linoleic acid [18:2 (n—6)] (28.50-31.86 %), oleic
acid [18:1 (n-9)] (4.44-6.25 %) and palmitic
acid (16:0) (3.86-4.55 %). Small and very small
(or trace) amounts (<2 %) of stearic (18:0),
B-calendic [18:3 (8¢, 101, 12¢) (n—6)], elaidic
[18:1 (9f) (n—9)], arachidic (20:0), behenic
(22:0), gondoic [20:1 (n—-9)], a-linolenic [18:3
(n—3)], linoelaidic [18:2 (9£,121) (n—6)], cis-7-
hexadecenoic [16:1 (n—9)], palmitoleic [16:1
(n=7)], lauric (12:0), myristic (14:0), pentadeca-
noic (15:0) and margaric (17:0) acids were also
present. Cromack and Smith (1998) reported the
seed oil content of around 20 %, of which up to
60 % was calendic acid, a useful industrial feed-
stock. Chisholm and Hopkins (1967) reported
that Calendula could accumulate more than 40 %
of calendic acid. Ozgul-Yucel found that Turkish
calendula seed oil was characterized by high con-
centration of linoleic acid (43.5 %) and low content
of CLNAs (calendic acid (18.3 %)+ p-calendic
(11.2 %). Angelini et al. (1997) reported 16-46 %
levels of calendic acid in the Italian Pot Marigold
seed oils.

Crombie and Holloway (1985) found that
linoleic and oleic acids were precursors in
the biosynthesis of calendic acid in Marigold
(C. officinalis) seeds but not linolenic acid.
(95)-Hydroxyoctadeca-(10E,12Z)-dienoic acid
(a-dimorphecolic acid) was isolated and converted
into (R/S)-hydroxy- and -hydroperoxy-[9-3H]
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octadeca-(10E,12Z)-dienoic acids but neither
labelled specimen was converted into calendic
acid by Marigold seed homogenate. Also
a-dimorphecolic acid, a minor component of
Marigold seed oil, was found to be a terminus
rather than an intermediate for calendic acid.

Plant and Leaf Phytochemicals

In the flowers, stem and leaves of C. officinalis,
15 amino acids were detected in the free state:
alanine, arginine, aspartic acid, asparagine,
valine, histidine, glutamic acid, leucine, lysine,
proline, serine, tyrosine, threonine, methionine
and phenylalanine (Absavoa et al. 1994). Among
them, six predominated: arginine, proline, glu-
tamic acid, phenylalanine, lysine and leucine.
The leaves contained about 5 % of amino acids,
the stems 3.5 % and the flowers 4.5 %. Szakiel
et al. (2005) found that Marigold (C. officinalis)
synthesized significant amounts of oleanane
saponins, found not only in flowers but also in all
organs of plant. These glycosides comprised two
series of structurally related compounds, that is,
derivatives of 3-O-monoglucoside of oleanolic
acid (hence named ‘glucosides’) and derivatives
of  3-O-monoglucuronide  (‘glucuronides’),
depending on the first sugar moiety linked to the
C-3 hydroxyl group of oleanolic acid, which is
either glucose or glucuronic acid. The occurrence
of both series of oleanolic acid glycosides
occurring in C. officinalis was earlier reported
by Kasprzyk and Wojciechowski (1967) and
Wojciechowski et al. (1971). ‘Glucuronides’,
known as the series I, were designated with let-
ters (F, D, D2, C, B, A) and ‘glucosides’, forming
the series II—with Roman numerals from I to
VIII. ‘Glucuronides’ were found in relatively
large amounts (up to 2 % of the dry mass) in
flowers and in considerably lower quantity in
green organs of the plant. Ruszkowski et al.
(2003) found ‘glucuronides’ in roots of young
Marigold plants, while ‘glucosides’ accumulated
mainly in roots of grown and senescing plants
and also found in green organs of the plant.
However, only glycosides I, I, III, VI and VII
were found in Marigold shoots. Oleanolic acid
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and its 3-O-glucuronide derivatives and
3-0-glucoside derivatives were found in vacuoles
prepared from protoplasts and cell walls obtained
from leaf cells of Calendula officinalis (Szakiel
and Kasprzyk 1989). In both cell compartments
37 % of total cellular oleanolic acid accumulated,
0.6 % occurring as free oleanolic acid (only in
vacuoles). Glucuronides accounted for 31.1 %
(20.7 % in vacuoles and 10.4 % in cell walls) and
glucosides for 5.3 % (2.6 % in vacuoles and
2.7 % in cell walls). Szakiel et al. (1995) found
that [3-3H]oleanolic acid glycosides formed in
the cytosol of C. officinalis leaf cells were
transported to the extracellular space in the form
of pentaglucoside VI (44 %), whereas glucuro-
nides derived from [3-3H]oleanolic acid
3-0-monoglucuronide (29 %) as well as a part of
glucosides (24 %) were transported into the cell
walls.

Studies confirmed that plastoquinone
occurred only in the chloroplasts, ubiquinone
only in the mitochondria and a-tocopherol in
both these subfractions of C. officinalis leaves
(Janiszowska et al. 1976). In Calendula offici-
nalis leaves the cyclization of squalene to
p-amyrin and its further oxidation to oleanolic
acid as well as the biosynthesis of all derivatives
of oleanolic acid 3-glucoside and some deriva-
tives of oleanolic acid 3-glucuronoside were
found to occur in the microsomal fraction
(Janiszowska and Kasprzyk 1977). The final
metabolites of oleanolic acid 3-glucoside series,
that is, pentaglycosides, were translocated from
this fraction, one to the cell wall and plasma-
lemma fraction and the other to the cytosol. The
derivatives of oleanolic acid 3-glucoronoside
were synthesized partially in other fractions
and accumulated in the different membranous
structures of the cell.

Polyphenolic compounds (g/kg dry matter) in
the aerial Marigold plant parts were determined
as follows: chlorogenic acid 0.55 g, 3,5-DCQA
(dicaffeoylquinic acid) 0.78, total caffeoyl
derivatives 1.33 g, total dihydroxycinnamic acid
derivatives 7.54 g, total flavonoids 5.12 g, total
dihydroxycinnamic acid derivatives + flavonoids
12.66 g and total polyphenolic compounds
24.97 g (Fraisse et al. 2011).
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Fatty acids C12-C22 were found to be
components of acylated steryl glucosides in
Calendula officinalis (Zdzislaw et al. 1975). As
a source of acyl groups for the synthesis of
steryl acylglucosides, various phospholipids
obtained from the same plant were utilized in
the following sequence: phosphatidylinositol
greater than phosphatidylethanolamine greater
than phosphatidylcholine. It does not utilize
triacylglycerols and monogalactosyldiacyl
glycerols.

In 3-day and 14-day-old seedlings and leaves
of Calendula officinalis, the following sterols
were identified: cholestanol, campestanol, stig-
mastanol, cholest-7-en-3-p-ol, 24-methylcholest-
7-en-3f-0l, stigmast-7-en-3p-ol, cholesterol,
campesterol, sitosterol, 24-methylcholesta-5,22-
dien-3f-ol, 24-methylenecholesterol, stigmas-
terol and clerosterol (Adler and Kasprzyk 1975).
Sitosterol was predominant in young and stig-
masterol in old tissues. Young tissues contained
relatively more campesterol, but in old tissues
a C3A3% diene was present suggesting transfor-
mation of campesterol to its A>?? analog, similar
to that of sitosterol to stigmasterol. All the
identified sterols were present as free com-
pounds and also in the steryl esters, glucosides,
acylated  glucosides and  water-soluble
complexes.

Petroleum ether extract of Calendula officina-
lis leaf showed the presence of fatty acids, and
chloroform extracts showed the presence of
triterpenes and sterols (Chakraborthy 2010).
Flavonoids, carbohydrates, amino acids, and
saponins were present in methanol extract, and
saponins, phenolic substances, and tannins were
present in the water extract of Calendula
officinalis.

Thirty and twenty-one compounds were
identified in the fresh leaf and dry leaf oils of
C. officinalis and the yield was 0.06 and 0.03 %,
respectively (Okoh et al. 2008). Sesquiterpenoids
dominated the fresh leaves (59.5 %) while the
monoterpenes dominated the oil in the dry leaves
(70.3 %). The fresh leaf oil was dominated by
T-muurolol (40.9 %), a-thujene (19.2 %) and
d-cadinene (11.4 %), while the dry leaves oil was
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found to be rich in 1,8-cineole (29.4 %), y-terpinene
(11.6 %), d-cadinene (9.0 %), B-pinene (6.9 %) and
a-thujene (6.3 %).

The yield in Calendula officinalis leaf essential
oil showed a maximum at the full flowering stage
(0.97 %) and a minimum during the pre-flowering
stage (0.13 %) (Okoh et al. 2007). The composi-
tions also showed different patterns at different
phases of the vegetative cycle. Sesquiterpenes
(a-cadinene, a-cadinol, T-muurolol and epi-bicy-
closesquiphellandrene) and monoterpenes (limo-
nene, 1,8-cineole and trans-p-ocimene) showed
the highest correlations with the age of the plant.
Aiming the use of essential oil as a food ingredi-
ent, the most interesting stage is the post-flower-
ing period, the essential oil at this time being rich
in o-cadinene, a-cadinol, t-muurolol, limonene
and 1,8-cineole, with p-cymene present at lower
levels. The total yields of the essential oils at the
different stages of the vegetative cycle increased
with the age of the plant and ranged between
0.13 % (3rd week) and 0.97 % (12th week, flow-
ering); o-cadinene is an important flavouring
agent in baked foods, candy and chewing gum
and also used as a fragrance in cosmetics and
detergents. T-muurolol and a-cadinol are impor-
tant antimicrobial agents. The essential oil at
12 week was dominated by geraniol (44.5 %),
a-cadinol (24.20 %), O&-cadinene (23.8 %),
T-muurolol (22.50 %), 1,8-cineole (22.10 %),
cadina-1,4-diene (12.20 %), germacrene D
(11.50 %), o-cadinene (10.7 %) and calarene
(5.70 %). Other minor components included
a-pinene (2.90 %), limonene (2.6 %), a-cubebene
(1.7 %), a-humulene (1.7 %), p-pinene (1.4 %),
nerolidol (1.3 %), sabinene (0.9 %), endobourbo-
nene (1.0 %), B-caryophyllene (0.9 %), a-ylangene
(0.8 %), palustron (0.7 %), epi-bicyclosesquiphel-
landrene (0.5 %), p-selinene (0.3 %), alloaroma-
dendrene (0.2 %), o-bourbonene (0.2 %),
muurolene (0.10 %), terpene-4-ol (0.10 %),
p-cymene (0.10 %), carvacrol (0.10 %), a-thujene
(0.10 %) and a-gurjunene (0.10 %). These com-
pounds occurred in trace amounts: d-3-carene,
nonanal, 3-cyclohexene-1-ol, a-phellandrene,
bornyl acetate, sabinyl acetate, a-copaene,
B-cubebene, aromadendrene and oplopenone.
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Root Phytochemicals

A new series of glycosides of oleanolic acid was
found in the roots of old Calendula officinalis
plants (Wojciechowski et al. 1971). These com-
pounds were derivatives of 3-glucoside of olea-
nolic acid and were different, from those
previously isolated from the flowers, derivatives
of 3-glucuronoside of oleanolic acid. The sugar
components of eight representatives of the new
series are glucose and galactose in following
ratios: in glucoside I, 1:0; in I, 1:1; in III, 1:2; in
1V, 2:1;in V, 3:1; in VI, 3:2; in VII, 4:1; and in
VIII, 4:1. The sugars in I-VII were attached only
in position 3 of oleanolic acid, but in VIII one
glucose molecule was joined to 28-carboxyl of
oleanolic acid. Glucoside I was identified as
3-monoglucoside and II as 3-(4'-galactosyl)-glu-
coside of oleanolic acid. Besides these com-
pounds, 6’-methyl ester of 3-glucuronoside of
oleanolic acid was also found in the roots.

A monoside 3-O-B-p-glucopyranoside of
oleanic acid and a bioside (calenduloside A) with
the structure 3-galactosylglucosyloleanolic acid
(Vecherko et al. 1969, 1971b) and calenduloside
B with the structure O-f-D-galactopyranosyl-
(1 - 4)-0O-p-p-glucopyranosyl-(1 — 3)-olea-
noloyl-(28 — 1)-a-D-glucopyranoside (Vecherko
et al. 1971a); oleanolic acid 3-{[galactopyrano-
sido-(1 — 3)] [glucopyranosido—(1 — 2)]-B-D-glu-
copyranoside} (calenduloside C) and 28-acyl-p-D-
glucopyranoside of calenduloside C (calenduloso-
side D) (Vecherko et al. 1975); glucopyranosyl
oleanolate 3-O-B-D-glucuronopyranoside (calen-
duloside F) (Vecherko et al. 1973), oleanolic acid
3-0-p-p-galactopyranosyl-(1 — 3)-p-p-glucurono-
side (calenduloside G) and 28-acyl-p-p-gluco-
pyranoside of calenduloside G (calenduloside
H) (Vecherko et al. 1974) were isolated from the
roots of C. officinalis. Calenduloside B, trioside
of oleanolic acid, was isolated from the roots
(Iatsyno et al. 1978).

Chemical studies have revealed the presence
of various classes of compounds, the main being
triterpenoids, flavonoids, coumarins, quinones,
volatile oil, carotenoids and amino acids in
C. officinalis plant parts (Muley et al. 2009;
Khalid and da Silva 2012). The extract of this
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plant as well as pure compounds isolated from it
had been demonstrated to possess multifold
pharmacological activities: antioxidant, antiin-
flammatory, antiedematous, immunostimulant,
anticancer, lymphocyte and wound healing,
hepatoprotective, antibacterial and antifungal,
anti-HIV, spasmolytic and spasmogenic, cyto-
toxic, genotoxic and antigenotoxic, inhibition of
heart rate and antiviral, among others.

Antioxidant Activity

Superoxide radicals and hydroxyl radicals were
observed in decreasing concentrations in the
presence of increasing concentrations of C. offici-
nalis butanolic fraction with ICs, values of 1 and
0.5 mg/ml, respectively, suggesting a possible
free radical scavenging effect (Cordova et al.
2002). Lipid peroxidation in liver microsomes
induced by Fe?*/ascorbate was 100 % inhibited
by 0.5 mg/ml of the fraction (IC5,=0.15 mg/ml).
Its total reactive antioxidant potential (TRAP) (in
pM Trolox equivalents) was 368.14 and its total
antioxidant reactivity (TAR) was calculated to be
249.19 pM. The results suggested the butanolic
fraction of C. officinalis to have significant free
radical scavenging and antioxidant activity.

The methanol and water extracts of wild
Marigold, Calendula arvensis (GWM) and
cultivated Marigold, Calendula officinalis (CM),
in a concentration range of 0.10-0.90 mg/ml,
scavenged all types of investigated radicals in
dependence on their applied concentrations
(Cetkovié et al. 2004). Generally, CM extracts
possessed higher scavenging and antioxidant
activity than GMW extracts, while methanol
extracts exhibited lower activities than water
extracts. Water extracts of CM had the best
antioxidant properties; 0.75 mg/ml extracts
completely eliminated hydroxyl radical, which
was generated in the Fenton system. The same
concentration of this extract scavenged 92 %
DPPH and 95 % peroxyl radical during lipid per-
oxidation. Antioxidant properties were in corre-
lation with the contents of total phenolic
compounds (14.49-57.47 mg/g) and flavonoids
(5.26-18.62 mg/g) in extracts. The electron spin
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resonance (ESR) spectroscopy data demonstrated
that methanol and water extracts of CM pos-
sessed similar free radicals scavenging and anti-
oxidative activity as synthetic antioxidants BHA.
Total antioxidant capacity (%) (DPPH scaveng-
ing activity) of C. officinalis aerial plant parts
was 1.52 % and contribution from the main caf-
feoyl derivatives was as follows: chlorogenic
acid 3.15 %, 3,5-DCQA (dicaffeoylquinic acid)
6.90 % and total caffeoyl derivatives 10.05 %
(Fraisse et al. 2011).

Calendula officinalis flower top extract was
found to scavenge superoxide radicals generated
by photoreduction of riboflavin and hydroxyl
radicals generated by Fenton reaction and inhib-
ited in-vitro lipid peroxidation (Preethi et al.
2006). Concentrations needed for 50 % inhibition
(ICsp) were 500, 480 and 2,000 mg/ml, respec-
tively. The extract scavenged ABTS radicals and
DPPH radicals with ICs, of 6.5 and 100 mg/ml,
respectively. The extract also scavenged nitric
oxide (IC5,=575 mg/ml). Oral administration of
Calendula extract inhibited superoxide genera-
tion in macrophages in vivo by 12.6 and 38.7 %
at doses of 100 and 250 mg/kg body weight. Oral
administration of the extract to mice for 1 month
significantly increased catalase activity and pro-
duced significant increase in glutathione levels in
the blood and liver. Glutathione reductase was
found to be increased, whereas glutathione per-
oxidase was found to be decreased after extract
administration. The results indicated Calendula
officinalis possessed significant antioxidant
activity in-vitro and in-vivo.

The propylene glycol extract of Calendula
officinalis exerted its anti-ROS (reactive oxygen
species) and anti-RNS (reactive nitrogen species)
activity in a concentration-dependent manner
during polymorphonuclear leukocytes burst, with
significant effects being observed at even very
low concentrations: 0.20 pg/ml without L-
arginine, 0.10 pg/ml when L-arginine was
added to the test with phorbol 12-myristate
13-acetate and 0.05 pg/ml when it was added to
the test with N-formyl-methionyl-leucyl-
phenylalanine (Braga et al. 2009). Electron para-
magnetic  resonance (EPR)  spectroscopy
confirmed these findings, 0.20 pg/ml being the
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lowest concentration of C. officinalis extract that
significantly reduced 2,2-diphenyl-1-
picrylhydrazyl (DPPH). Calendula officinalis
propylene glycol extracts were found to have pro-
tective effect against oxidative DNA damage and
lipid peroxidation induced by high polyunsatu-
rated fatty acid (PUFA) intake in young growing
pigs (Frankic et al. 2009). It elicited a numerical
trend towards the reduction of plasma malondial-
dehyde and urinary isoprostane (iPF2a-VI)
excretion. Its effect was comparable with that of
vitamin E. The extract from flower tops showed
less antioxidant potential than the extract
from petals. They concluded that the amount of
C. officinalis extracts proposed for internal use
by traditional medicine protected the organism
against DNA damage induced by high PUFA
intake.

Methanol enabled more efficient extraction of
flavonoids from C. officinalis flowers than the
other solvents isopranol and ethanol tested
(Butnariu and Coradini 2012). From cv Petran
and cv Plamen flowers, methanol extracted,
respectively, 2.04 and 2.142 mg/100 g FW of
carotene pigments (lycopene, lutein), 10.358 and
5.222 mg/100 g FW of total photosynthetic pig-
ments (chlorophyll a, b), total flavonoid content
96.17 and 90.37 mg quercetin equivalent
(QE)/100 ml and total phenolic content of 134
and 153.23 mg GAE/100 ml. The highest anti-
oxidant activity correlated to the polyphenol con-
tent was obtained for extracts prepared using
methanol. For the methanol extract of cv Petran
and cv Plamen, the DPPH radical scavenging
activity was2.64 and 2.97 mmol Trolox/g and the
ferric reducing antioxidant power (FRAP) was
0.29 and 1.55 mmol Fe**/g.

Studies by Ozkol et al. (2012) showed that
administration of Calendula officinalis extract
protected rats against subacute cigarette smoke-
induced cell injury. Marigold extract decreased
the elevated levels of malondialdehyde, reduced
glutathione and protein carbonyl caused by ciga-
rette smoke. Further, Marigold extract increased
the diminished levels of glutathione peroxidase
(GPx), superoxide dismutase activities and
fB-carotene and vitamins A and C caused by ciga-
rette smoke.
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Bernatoniene et al. (2011) confirmed dry
Calendula officinalis extract to be an effective
scavenger of H,O, radicals in in-vitro studies
with the mitochondria of rat cardiac muscles.
Calendula extract incorporated into hydrophilic
cream containing complex emulsifier provided
significant antioxidant effect due to the content of
carotenoids, polyphenols and flavonoids and
good emulsion quality. Cream with the best prop-
erties (0.9 % of Calendula extract) contained
0.73 mg/100 g of total carotenoids expressed as
[B-carotene.

Anticancer/Antiproliferative Activities

Laser Activated Calendula Extract (LACE)
showed a potent in-vitro inhibition (70-100 %)
of tumour cell proliferation when tested on a
wide variety of human (leukaemias, melanomas,
fibrosarcomas and cancers of the breast, prostate,
cervix, lung, pancreas and colorectal) and murine
tumour cell lines (Jiménez-Medina et al. 2006).
Mechanisms of inhibition were identified as cell
cycle arrest in GO/G1 phase and caspase-3-
induced apoptosis. In contrast, the same extract
showed an opposite effect when tested on human
peripheral blood lymphocyte (PBL) and NKL
(natural killer) cell line, in which in-vitro induc-
tion of proliferation and activation of these cells
was observed. The intraperitoneal injection or
oral administration of LACE in nude mice inhib-
ited in-vivo tumour growth of Ando-2 melanoma
cells and prolonged the survival day of the mice.
Two triterpene glycosides from the flowers,
calenduloside F 6’-O-n-butyl ester (9) and calen-
duloside G 6’-O-n-methyl ester, exhibited potent
cytotoxic effects against colon cancer, leukaemia
and melanoma cells (Ukiya et al. 2006).
Simultaneous administration of C. officinalis
flower extract to tumour-bearing male C57BL/6
mice reduced the lung B16F-10 melanoma
tumour nodules by 74 % with 43.3 % increase in
life span (Preethi et al. 2010). Elevated levels of
hydroxyproline, uronic acid, hexosamine, serum
sialic acid and y-glutamyl transpeptidase in the
metastatic controls were significantly lowered in
the C. officinalis-treated animals. The extract
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also inhibited expression of MMP-2, MMP-9,
prolyl hydroxylase and lysyl oxidase and acti-
vated TIMP-1 and TIMP-2 and downregulated
proinflammatory cytokines. The results indicated
antimetastatic effects of Calendula officinalis
flowers through the inhibition of key enzymes
were involved in processes of metastasis.

Studies demonstrated that chamomile and
Marigold (Calendula officinalis) tea exerted
selective dose-dependent cytotoxic action against
target cancer cells; cytotoxicity of Marigold tea
was higher than chamomile (Mati¢ et al. 2013).
However, the cytotoxic effect of chamomile tea
was very weak to healthy peripheral blood mono-
nuclear cells (PBMC), while the effect of
Marigold tea on PBMC was more pronounced.
Marigold tea exerted highly selective antitumor
effect especially to melanoma Fem-x cells in
comparison to the action to normal healthy
PBMC. Chemical analyses showed that dominant
phenolic compounds in examined infusions and
decoctions were flavonoid glycosides and
hydroxycinnamic acid derivatives. Ethanol
extracts of C. officinalis and other Asteraceae
species were found to have antileukemic proper-
ties and to induce J-45.01 human acute T leukae-
mia cell death via apoptosis. The correlation
between antileukemic activity and total polyphe-
nol content was determined (Wegiera et al. 2012).

Three major flavonoid fractions separated
from C. officinalis flower methanol extract did
not exhibit inhibitory effect on the parent and
tamoxifen-resistant T47D human breast cancer
(Ostad et al. 2004). Quercetin increased cell
proliferation of the resistant T47D cells in the
presence of tamoxifen but no effect was detected
by using quercetin itself. Also it was found that
isorhamnetin did not have any proliferative or
antiproliferative activity on the both cell lines.

Wound Healing Activity

Studies on surgically induced skin wound in
Wistar albino rats showed that application of %
unguentum containing fractions Cl1 and CS5,
isolated from Calendula officinalis flowers of in
combination with allantoin, significantly stimulated
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physiological skin regeneration and epithelia-
lization (Klouchek-Popova et al. 1982).

In-vitro studies showed that chick chorioal-
lantoic membrane (CAM) treated with a freeze-
dried aqueous extract of C. officinalis flowers
were positive for hyaluronan, a tissue
glycosaminoglycan associated with neovascu-
larization; no hyaluronan was found in control
CAMs (Patrick et al. 1996). The numbers of
microvessels in calendula-treated CAMs were
statistically and significantly higher than in the
control CAMs. Although the extract contained
water-soluble compounds such as flavonoids,
the exact nature of the active angiogenic
component(s) was yet to be identified.

Studies showed that rats with experimentally
induced burns treated with Calendula officinalis
flower extract showed significant improvement in
healing when compared with the control untreated
animals (Preethi and Kuttan 2008). The indica-
tors of the wound healing such as collagen
hydroxyproline and hexosamine contents were
significantly augmented in the treated group indi-
cating accelerated wound healing in the treated
animals. The acute phase proteins haptoglobin
and orosomucoid which were elevated due to
burn injury were lowered significantly in 200 mg/
kg body weight extract-treated animals. The anti-
oxidant defense mechanism, which was decreased
in the liver during burn injury, was enhanced in
treated animals. The lipid peroxidation was sig-
nificantly lowered in the treated group when
compared to control animals. Tissue damage
marker enzymes alkaline phosphatase, alanine
and aspartate transaminases were significantly
lowered in the treated groups in a dose-dependent
manner. The histopathological analyses of skin
tissue also confirmed the increased healing
potential of the extract after burn injury. Another
study reported that rats with excision wounds
treated with Calendula officinalis flower extract
had 90 % wound closure compared with 51.1 %
in the control group on the eighth day of wound-
ing (Preethi and Kuttan 2009b). The days needed
for reepithelialization were 17.7 for the control
animals; extract treatment at a dose of 20 or
100 mg/kg body weight reduced the period to 14
and 13 days, respectively. A significant increase
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was observed in the hydroxyproline and hexos-
amine content in the extract-treated group com-
pared with the untreated animals. Calendula
extracts were found to have wound healing effect
using the scratch assay (Fronza et al. 2009). The
hexane and ethanol extracts of Calendula offici-
nalis stimulated proliferation and migration of
Swiss 3 T3 albino mouse fibroblasts at low con-
centrations, for example, 10 pg/ml enhanced cell
numbers by 64.35 and 70.53 %, respectively.
Inhibition of proliferation showed that this effect
was mainly due to stimulation of migration. The
triterpenoids, faradiol myristate and palmitate
gave comparable stimulation rates at an almost
50 pg/ml concentration, indicating that they
contributed partially but not most significantly
to the wound healing effects of Calendula
preparations.

Studies by Parente et al. (2012) found that the
ethanol extract, the dichloromethane and hexanic
fractions of C. officinalis flowers presented anti-
inflammatory and antibacterial activities as well
as angiogenic and fibroplastic properties acting
in a positive way on the inflammatory and prolif-
erative phases of the healing process as through
the chorioallantoic membrane and cutaneous
wounds in rat models. The angiogenic activity of
C. officinalis flower ethanol extract and dichloro-
methane and hexanic fractions was evidenced in
both experimental models using 36 rats and 90
embryonated eggs to evaluate healing and angio-
genic activities through the induction of skin
wounds and the chorioallantoic membrane,
respectively (Parente et al. 2011). They verified
that this effect was not directly related to the
expression of vascular endothelial growth factor
(VEGF) and it could be associated to other pro-
angiogenic factors. Their data suggested the heal-
ing activity of C. officinalis could be related,
among other factors, to its positive effect on
angiogenesis, characterized by the induction of
neovascularization. In a prospective nonrandom-
ized pilot study of 25 patients (10 men and 15
women) with venous ulcers, 7 week treatment
with the herbal-based ointment Herbadermal®
comprising extracts of garlic, St. John’s wort and
calendula elicited 99.1 % epithelialization with-
out significant effects on the microbial flora
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(Kundakovié et al. 2012). Based on this, they rec-
ommended the herbal-based ointment as topical
treatment for wound healing because of its epi-
thelializing, anti-erythematous and antiedema-
tous properties.

Hepatoprotective and
Nephroprotective Activities

Animal studies showed that the flower extract of
C. officinalis had a protective effect against CCl,-
induced acute hepatotoxicity and cisplatin-
induced nephrotoxicity (Preethi and Kuttan
2009a). The activities of serum marker enzymes
of liver injury like glutamate pyruvate transami-
nase (SGPT), glutamate oxaloacetate transami-
nase (SGOT) and alkaline phosphatase (ALP)
which were elevated by CCl, injection were
found to be significantly reduced by the pretreat-
ment of the flower extract at 100 and 250 mg/kg
body weight. The lipid peroxidation in liver, the
marker of membrane damage and the total biliru-
bin content in serum were also found to be at
significantly low level in the extract pretreated
group. The elevated kidney urea and creatinine
levels in cisplatin-treated animals were signifi-
cantly lower in the flower extract pretreated
groups (100 and 250 mg/kg body weight).
Moreover, cisplatin-induced myelosuppression
was ameliorated by the flower extract pretreat-
ment. Treatment with the extract produced
enhancement of antioxidant enzymes—superox-
ide dismutase and catalase and glutathione.

Antidermatitic/Radioprotective/Skin
Therapeutic Activities

In a phase III randomized trial of Calendula offi-
cinalis (126 patients) compared with trolamine
(128 patients) Calendula treatment was found to
reduce acute dermatitis during irradiation for
breast cancer (Pommier et al. 2004). The occur-
rence of acute dermatitis of grade 2 or higher was
significantly lower with the use of calendula
(41 %) than with trolamine (63 %). Moreover,
patients receiving calendula had less frequent
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interruption of radiotherapy and significantly
reduced radiation-induced pain. Calendula was
considered to be more difficult to apply, but self-
assessed satisfaction was greater. Body mass index
and adjuvant chemotherapy before radiotherapy
after lumpectomy were significant prognostic
factors for acute dermatitis. Marigold (Calendula
officinalis) and rosemary cream preparations
were found to be effective against experimentally
induced irritant contact dermatitis in healthy
volunteers (Fuchs et al. 2005). In a prospective
assessment phase III study, Calendula officinalis
was shown to be superior to trolamine for the pre-
vention of radio-epithelitis (Chargari et al. 2009).
In another study of topical products used in the pre-
vention of radiodermatitis, to support care delivery
to women with breast cancer during teletherapy,
de Andrade et al. (2012) found that Calendula,
corticosteroids and Xclair have shown significant
protective effects against radiodermatitis. Data
from a randomized and double-blind study of 66
infants with diaper dermatitis suggested that
topical application of aloe vera cream and
Calendula officinalis ointment could serve as
safe and effective treatment for the treatment of
diaper dermatitis in infants (Panahi et al. 2012).
The hydroalcoholic extract of C. officinalis
was found to contain polyphenol, flavonoid, rutin
and narcissin contents of 28.6, 18.8, 1.6, and
12.2 mg/g, respectively (Fonseca et al. 2010).
The extract exhibited in-vitro dose-dependent
antioxidant activity against different radicals.
Cytotoxicity experiments demonstrated that the
extract was not cytotoxic for L929 and HepG2
cells at concentrations less than or equal to of
15 mg/ml. However, in concentrations greater
than or equal to 30 mg/ml, toxic effects were
observed. Further, oral treatment of hairless mice
with 150 and 300 mg/kg of the extract maintained
GSH levels close to nonirradiated control mice.
In addition, this extract affected the activity/
secretion of matrix metalloproteinases 2 and 9
(MMP-2 and -9) stimulated by exposure to UVB
irradiation. The gel formulation [Formulation 3
(F3)] found to be the most effective for the topi-
cal delivery of Calendula officinalis extract,
which was detected as 0.21 pg/cm(2) of narcissin
and as 0.07 pg/cm(2) of the rutin in the viable
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epidermis of hairless mice exposed to ultraviolet
(UV) B irradiation (Fonseca et al. 2011). This
formulation was able to maintain glutathione
reduced levels close to those of nonirradiated ani-
mals but did not affect the gelatinase-9 and
myeloperoxidase activities increased by expo-
sure to UVB irradiation. In addition, F3 reduced
the histological skin changes induced by UVB
irradiation that appeared as modifications of col-
lagen fibrils.

Results of studies by Mishra et al. (2012a) sug-
gested that calendula oil cream can be used to pro-
tect the skin from UV radiations in form of
sunscreen cream and to maintain the natural pig-
mentation of the skin. The essential oil of
Calendula officinalis flowers in cream formula-
tion exhibited good activity sun protection factor
(SPF) (SPF=14.84). In another paper they
reported that treatment with creams containing 4
and 5 % of Calendula officinalis essential oil
caused a significant decrease in the malonyldial-
dehyde level, whereas the levels of catalase,
glutathione, superoxide dismutase, ascorbic acid
and the total protein level were significantly
increased after 1 month of daily UVB irradiation
treatment when compared to untreated control
groups (Mishra et al. 2012b). The results suggested
that the cutaneous application of the essential oil
of Calendula prevented UVB-induced alterations
in the level of antioxidants in skin tissue.

In a multicentre, controlled, parallel-group
study, menopausal women with vaginal dystrophy
were randomized to vaginal gel EG (containing
isoflavones, Lactobacillus sporogenes, Calendula
officinalis extract and lactic acid) (103 women) or
no topical treatment (NT, 83 women) for 4 weeks
(Tedeschi et al. 2012). The severity of itching,
burning, vulvovaginal erythema, vaginal dryness
and dyspareunia were significantly reduced during
EG treatment compared with the NT group.

Marigold therapy (Tagetes and Calendula spe-
cies) had been used for over 30 years in the
United Kingdom and had been evaluated by
numerous randomized double-blind placebo-
controlled studies for various skin problems on
the lower extremity (Hadfield et al. 2008; Khan
2008). Various species of Marigold had been
reported to be naturally antiviral, keratolytic and
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antiinflammatory when applied topically to the
affected area. In particular, through numerous
research, controlled and case studies by M Taufiq
Khan and M Tariq Khan specific extracts had
been developed that were directly applied by the
podiatric physician to the patient: an antiviral
paste (for verruca), an antiinflammatory paste
(for bursitis and tendonitis), a keratolytic paste
(for hyperkeratosis) and an antifungal paste (for
nails). Marigold therapy had been reported to
provide a noninvasive and gentle treatment for
difficult to treat plantar verruca, painful hyper-
keratotic lesions and inflamed bursa secondary to
hallux abducto valgus.

Calendula officinalis flowers and C. officinalis
extracts are used as skin conditioning agents in
cosmetics. Using the threshold of toxicological
concern (TTC) approach, Re et al. (2009) evalu-
ated their safe use in cosmetic and personal care
products. For each of its known constituents, the
concentration in the plant, the molecular weight
and the estimated skin penetration potential were
used to calculate a maximal daily systemic expo-
sure which was then compared to its correspond-
ing TTC class value. Owing to the variability of
composition of plant extracts, back calculation
was used to determine the maximum acceptable
concentration of a given constituent in an extract
of C. officinalis. Akhtar et al. (2011) evaluated
the effects of newly formulated topical cream of
Calendula officinalis extract on the mechanical
parameters of the cheek skin in healthy human
volunteers by using the cutometer, a device that is
designed to measure the mechanical properties of
the skin in response to the application of negative
pressure. After 8 weeks, the instrumental mea-
surements produced by formulation reflected sig-
nificant improvements in hydration and firmness
of skin.

Antiinflammatory Activity

Russian studies reported that preparations of calen-
dula alleviated the signs of chronic inflammatory
conjunctivitis and other chronic ocular inflamma-
tory conditions in laboratory animals (Marinchev
et al. 1971; Mozherenkov and Shubina 1976).
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The triterpenoids were shown to be the most
important antiinflammatory principles of C. offi-
cinalis flower CO, extract (Della Loggia et al.
1994). Among them, the faradiol monoester
appeared to be the most relevant principle for the
activity of the extract, due to its quantitative prev-
alence. The unesterified faradiol, not present in
the extract, was the most active of the tested com-
pounds and equalled indomethacin in activity,
whereas the monools -taraxasterol, lupeol,
taraxasterol and B-amyrin were less active than
the free diol. Isorhamnetin glycosides isolated
from Calendula officinalis were found to inhibit
the activity of lipoxygenase in vitro (Bezdkova
et al. 1996). All of the triterpene alcohols
helianol, taraxasterol, -taraxasterol, a-amyrin,
p-amyrin, lupeol, taraxerol, cycloartenol,
24-methyl-enecycloartanol, tirucalla-7,24-dienol
and dammaradienol isolated from the tubular
flowers of Calendula officinalis, Carthamus tinc-
torius, Cosmos bipinnatus, Chrysanthemum
morifolium, Helianthus annuus and Matricaria
matricarioides exhibited marked antiinflamma-
tory activity against 12-O-tetradecanoylphorbol-
13-acetate-induced inflammation (1 pg/ear) in
mice, and their 50 % inhibitory dose was 0.1—
0.8 mg/ear (Akihisa et al. 1996). Faradiol esters,
namely, faradiol-3-myristic acid ester and
faradiol-3-palmitic acid ester, isolated from
C. officinalis flower heads showed nearly the same
dose-dependent anti-oedematous activity in the
inhibition of Croton oil-induced oedema of the
mouse ear, and no significant synergism appeared
with their mixture (Zitterl-Eglseer et al. 1997).
The free monol, y-taraxasterol, had a slightly
lower effect and showed the same effect as an
equimolar dose of indomethacin. Furthermore,
faradiol was more active than its esters and than
y-taraxasterol. The major antiinflammatory
triterpenoid esters purified from C. officinalis
flower heads were faradiol-3-O-laurate, faradiol-
3-O-myristate  and  faradiol-3-O-palmitate
(Hamburguer et al. 2003). Accompanying minor
compounds of the triterpene ester fraction puri-
fied included maniladiol 3-O-laurate, maniladiol-
3-O-myristate, p-taraxasterol and p-amyrin.

Three new terpenoid derivatives derived by
systematic chemical modifications of faradiol
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from C. officinalis flowers, the C(16) benzyl ether
15, the C(30) aldehyde 24 and the C(30) primary
alcohol 25 showed significantly improved antiin-
flammatory potencies in the inhibition of croton
oil induced ear oedema in mouse (Neukirch et al.
2005). In evaluation of oleanane-type triterpene
glycosides 1-9 isolated from the flowers for
inhibitoryactivityagainst12-O-tetradecanoylphorbol-
13-acetate (TPA)-induced inflammation (1 pg/
ear) in mice, calendulaglycoside A (1), calendula-
glycoside A6’-O-n-methyl ester (2), calendulagly-
coside A 6'-O-n-butyl ester (3), calendulaglycoside
B (4), calendulaglycoside B 6’-O-n-butyl ester
(5), calendulaglycoside C (6), calendulaglycoside
C 6’-O-n-methyl ester (7), calendulaglycoside C
6'-O-n-butyl ester (8) and calenduloside F 6’-O-n-
butyl ester (9), all except compound (1), exhibited
marked antiinflammatory activity, with IDs, val-
ues of 0.05-0.20 mg/ear (Ukiya et al. 2006).

Oral administration of 250 and 500 mg/kg
body weight Calendula officinalis flower extract
produced significant inhibition (50.6 and 65.9 %,
respectively) in paw oedema of animals induced
by carrageenan and 41.9 and 42.4 %, respec-
tively, with inflammation produced by dextran
(Preethi et al. 2009). In chronic antiinflammatory
model using formalin, administration of 250 and
500 mg/kg body weight Calendula extract
produced an inhibition of 32.9 and 62.3 %,
respectively, compared to controls. TNF-alpha
production by macrophage culture treated with
lipopolysaccharide (LPS) was found to be sig-
nificantly inhibited by Calendula extract.
Furthermore, elevated levels of proinflammatory
cytokines IL-1beta, IL-6, TNF-alpha and IFN-
gamma and acute phase protein, C-reactive
protein (CRP), in mice induced by LPS injection
were inhibited significantly by the extract. LPS-
induced cyclooxygenase-2 (Cox-2) levels in mice
spleen were also found to be inhibited by the
extract. The results showed that potent antiin-
flammatory response of C. officinalis extract may
be mediated by the inhibition of proinflammatory
cytokines and Cox-2 and subsequent prostaglan-
din synthesis.

In a study of 103 children aged 6-18 years
diagnosed with otalgia associated with acute otitis
media (AOM), Otikon, an ear drop formulation of
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naturopathic origin (containing Allium sativum,
Verbascum thapsus, Calendula flores and
Hypericum perforatum in olive oil), was found to
be as effective as anesthetic ear drops and was
proven appropriate for the management of AOM-
associated ear pain (Sarrell et al. 2001). In a sub-
sequent double-blind trial in an outpatient
community clinic involving a total of 171 children
aged 5-18 years with otalgia and otitis media,
they found the herbal formulation Naturopathic
Herbal Extract Ear Drops (NHED) (comprising
Allium sativum, Verbascum thapsus, Calendula
flores, Hypericum perforatum, lavender and
vitamin E in olive oil) to be beneficial. Results
were better in the NHED group than in the con-
trols (Sarrell et al. 2003).

Calendula officinalis, rich in quercetin, carot-
enoids, lutein, lycopene, rutin, ubiquinone, xantho-
phylls and other antioxidants, at 2-3 %, completely
inhibited human matrix metalloproteinase 2
(MMP-2) activity and human gingival fibroblast-
mediated collagen degradation more than the
corresponding concentration of quercetin (Saini
et al. 2012). They attributed this to additional
components in Calendula other than quercetin.

Cell Growth Stimulating Activity

The heptane, ethyl acetate and methanol extracts
of Calendula officinalis flowers, were found to
stimulate cell growth when introduced to a
human skin fibroblast (HSF) cells culture and a
culture of human breast cancer cells (T47D), cell
culture collection ECACC number 85102201
(Matysik et al. 2005). The ethyl acetate but not
the heptane and methanol extracts in concentra-
tions above 25 pg/ml stimulated cell proliferation
and cellular metabolism by increase of mitochon-
drial dehydrogenase activity. However, concen-
trations exceeding 75 pg/ml were toxic for cells.

Exfoliative Cheilitis Therapeutic
Activity

Roveroni-Favaretto et al. (2009) described a case
of recurrent exfoliative cheilitis in an 18-year-old
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man that responded to treatment with a standard-
ized topical preparation of Calendula officinalis.

Hypoglycaemic, Gastric Emptying
and Gastroprotective Activities

The methanol extract and its 1-butanol-soluble
fraction from Calendula officinalis flowers were
found to show a hypoglycaemic effect, inhibitory
activity of gastric emptying and gastroprotective
effect (Yoshikawa et al. 2001). From the
1-butanol-soluble fraction, four new triterpene
oligoglycosides, calendasaponins A, B, C and D,
were isolated and were shown to exhibit potent
inhibitory effects on an increase in serum glucose
levels in glucose-loaded rats, gastric emptying in
mice and ethanol- and indomethacin-induced
gastric lesions in rats. Some structure-activity
relationships are discussed. They further isolated
two new ionone glucosides (officinosides A
and B) and two sesquiterpene oligoglycosides
(officinosides C and D), from the flowers of
Egyptian Calendula officinalis (Marukami et al.
2001).

Hypotensive and Sedative Activity

Animal studies found that high doses of
Calendula exhibited sedative effect and also
reduced blood pressure (Bojadjiev 1964). For
this reason, it might not be safe to combine
calendula with sedative or blood pressure
medications.

Antipyretic and Analgesic Activities

Crude ethanol extract of C. officinalis displayed
significant antipyretic (74.95 % inhibition at a
dose of 300 mg/kg) and analgesic (27.42 %
inhibition at a dose of 40 mg/kg) in rat models
(Ahmad et al. 2000). The extract not only reversed
induced hyperthermia but also affected normo-
thermia in rats. The extract at a dose of 20 mg/kg
was as potent in its analgesic properties as acetyl-
salicylic acid at 40 mg/kg.
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Antiulcerogenic Activity

Calendulozide B, trioside of oleanolic acid,
isolated from C. officinalis roots was shown to
have antiulcerogenic activity (latsyno et al.
1978). In oral doses of 5, 10, 20 and 50 mg/kg, it
exerted an antiulcerous action in three experi-
mental ulcer models (caffeine-arsenic induced,
butadion induced and pylorus ligation induced)
and also exhibited antiphlogistic and sedative
action. It was devoid of effects on the cardiovas-
cular system, the tone of intestinal smooth
muscles, the diuretic renal function, the electro-
lytes excretion with urine or on the biligenic
function of the liver. It had no local irritation
properties, manifested a relatively low haemo-
lytic activity and an insignificant toxicity both
with its one-time and chronic administration.

In a clinical trial of 24 patients with chronic
nonspecific colitis, treatment of an herbal combi-
nation of Taraxacum officinale, Hipericum perfo-
ratum, Melissa officinalis, Calendula officinalis
and Foeniculum vulgare abrogated spontaneous
and palpable pains along the large intestine in
95.83 % of the patients by the 15th day of their
admission to the clinic Chakurski et al. 1981).
Defecation became daily in the patients with
obstipation syndrome. In another clinical trial,
137 patients (78 with duodenal ulcer and 59 with
gastroduodenitis) were treated only with the
herbal combination of Symphytum officinalis and
Calendula officinalis and 33 (21 with duodenal
ulcer and 12 with gastroduodenitis) were treated
with the herbal combination together with ant-
acid (Chakdirski et al. 1981) As a result from the
treatment, the spontaneous pains disappeared in
90 % of the patients in the group with antacid,
and in the group without antacid, the dyspeptic
complaints decreased over 85 %, but in the
patients treated with herbs and antacid, these
complaints disappeared several days earlier. The
palpitation pains, in both groups, disappeared in
more than 90 % of the patients within the same
time. Gastric acidity, in both groups, showed a
statistically insignificant tendency to decrease
prior and post treatment. The ulcer niche, in both
groups, was healed in almost the same percent-
age of the patients.
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In a clinical study of patients with venous leg
ulcers, after 3 weeks of treatment with an oint-
ment of C. officinalis extract, of 21 patients
treated, total ulcer surface area decreased by
41.7 % and 7 patients had complete epithelializa-
tion (Duran et al. 2005). In the control group of
13 patients, treated with saline solution dress-
ings, total ulcer surface area decreased by
14.52 % and four patients had complete epitheli-
alization. The preliminary results suggested the
positive effects of the Marigold extract ointment
on venous ulcer epithelialization. Studies showed
that treatment of dogs with of acetic acid-induced
ulcerative colitis resolved the damages of ulcer-
ative colitis (Mehrabani et al. 2011). Loose
stools, diarrhoea, gross bleeding and loss of body
weight happened after administration of acetic
acid, and crypt damage, loss of epithelium, infil-
tration of inflammatory cells and depletion of
goblet cells were observed histologically.

Strychnos nux-vomica (nux vomica) and
Calendula officinalis are used in highly diluted
form in homeopathic medicine to treat patients
suffering from gastritis and gastric ulcers. Results
of studies suggested both drugs prepared in etha-
nol solution to be potent inhibitors of Helicobacter
pylori induced gene expression (Hofbauer et al.
2010). Addition of nux vomica and Calendula
officinalis in a 43 % ethanol solution produced a
significant reduction of H. pylori-induced
increase in gene expression of heparin-binding
epidermal growth factor (HB-EGF) in gastric
epithelial cell line KATO-III (reduced to 53.12
and 75.32 % vs. control), respectively. This effect
was only observed when the drugs were primar-
ily prepared in ethanol, not in aqueous solutions.

Antigingivitis Activity

Polysorb-immobilized Calendula was found to be
highly effective in the treatment of chronic
catarrhal gingivitis (Krazhan and Garazha 2001).
Two patients with a diagnosis of lichen planus pre-
senting as desquamative gingivitis who had under-
gone previous treatments for this condition with
no significant results were treated by a handling
gel containing clobetasol, nystatin, Calendula
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officinalis, and pectin in custom trays (Machado
et al. 2010). Both patients had remission of symp-
toms while using the trays, and after they stopped
the treatment, the symptomatic outbreaks were
delayed and presented as less severe symptoms in
the 2 years follow-up. The treatment is aimed pri-
marily at reducing the length and severity of symp-
tomatic outbreaks of desquamative gingivitis.

Antimicrobial Activity

Hydroacetonic extract from fresh C. officinalis
plant inhibited the growth of Staphylococcus
aureus at a concentration of 1 mg/ml in vitro
(Dumenil et al. 1980). Calendula extract tested on
biofilms of infant dentifrices did not demonstrate
antimicrobial effects in vitro against Actinomyces
viscosus, C. albicans, Lactobacillus casei,
Streptococcus  mitis, Streptococcus — mutans,
Streptococcus oralis, Streptococcus sanguis,
and Streptococcus sobrinus (Modesto et al. 2000).
Melissa officinalis and C. officinalis flower
extracts exhibited low inhibiting activity
(MIC>or=2,048 mg/l) against all the tested peri-
odontopathic bacteria species with the exception
of Prevotella sp. (Iauk et al. 2003). Oleanolic acid
isolated from Marigold (Calendula officinalis)
inhibited bacterial growth and survival, influ-
enced cell morphology and enhanced the autoly-
sis of Gram-positive bacteria, suggesting bacterial
envelopes were the target of its activity (Szakiel
et al. 2008). The sap of Calendula racemes dem-
onstrated the most profound antimicrobial effect
while that of the roots was the least effective
(Radioza and Iurchak 2007). Calendula species
inhibited all tested pathogenic microorganisms,
especially Pseudomonas syringae, Pseudomonas
fluorescens, Xanthomonas campestris and
Agrobacterium tumefaciens. Chloroform, ethanol
and water extracts of C. officinalis leaves exhib-
ited in-vitro antibacterial activity against Gram-
positive Bacillus subtilis, Staphylococcus aureus,
and Gram-negative bacteria Escherichia coli and
Klebsiella pneumonia, whereas significant activ-
ity was not observed with petroleum ether extract
(Chakraborthy 2008). All the extracts did not
show any antifungal activity.
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Calendula officinalis flower extract showed
high in-vitro inhibitory activity against Aspergillus
niger, Rhizopus japonicus, Candida albicans,
Candida tropicalis and Rhodotorula glutinis
(Kasiram et al. 2000). The inhibitory effects of
extracts were very close and identical in magni-
tude and were comparable with that of standard
antibiotics used. The ethanol, water and n-butanol
C. officinalis aerial plant parts extracts were
found to be effective against most of the human
pathogenic microorganisms: Escherichia coli,
Pseudomonas aeruginosa, Enterococcus sp.,
coagulase (+) Staphylococcus sp., coagulase (—)
Staphylococcus sp., Candida albicans and
Candida parapsilosis (Goyal and Mathur 2011).
The methanol extract of C. officinalis petals
exhibited better antibacterial activity against
most of the clinical bacteria tested than the etha-
nol extract (Efstratiou et al. 2012). Both metha-
nol and ethanol extracts showed excellent
antifungal activity against tested strains of fungi,
comparable to fluconazole.

In a trial of 18 patients to compare the anti-
microbial effect of mouthwashes (6 patients per
mouthwash) containing Calendula officinalis,
Camellia sinensis and 0.12 % chlorhexidine
digluconate on the adherence of microorgan-
isms to suture materials after extraction of
unerupted third molars, all three mouthwashes
exhibited antimicrobial activity against the
adherence of microorganisms to sutures (Faria
et al. 2011). However, C. officinalis and
C. sinensis were not as efficient as chlorhexidine
digluconate. The hydroethanol herbal extract of
C. officinalis was one of several herbal extracts
that showed high growth inhibition of
Campylobacter jejuni, the most common cause
of enteric infections, particularly among chil-
dren, resulting in severe diarrhoea (Cwikla
et al. 2010).

Antiviral Activity

Tinctures of C. officinalis flowers inhibited
replication of herpes simplex virus, influenza A2
and influenza APR 8 viruses in-vitro (Bogdanova
et al. 1970). However, an aqueous extract was
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inactive (May and Willhun 1978). A 5 % hot
aqueous extract of Calendula flowers inhibited
replication of tick-borne encephalitis virus after
intraperitoneal administration to mice (Fokina
et al. 1991).

Studies found that the organic extract from
Calendula officinalis flowers caused a signifi-
cant dose- and time-dependent reduction of
human immunodeficiency virus type 1 (HIV-1)
reverse transcription (RT) activity in the in-vitro
MTT/tetrazolium-based assay (Kalvatchev et al.
1997). An 85 % RT inhibition was achieved after
30 minutes. In addition, in the presence of the
organic extract (500 pg/ml), the uninfected
human lymphocytic Molt-4 cells were com-
pletely protected for up to 24 hours from fusion
and subsequent death, caused by cocultivation
with persistently infected U-937/HIV-1 cells.
Ten oleanane-type triterpene glycosides isolated
from the flowers, calendulaglycoside A (1), calen-
dulaglycoside A6’-O-n-methyl ester (2), calen-
dulaglycoside A  6’-O-n-butyl ester (3),
calendulaglycoside B (4), calendulaglycoside B
6’-0O-n-butyl ester (5), calendulaglycoside C
(6), calendulaglycoside C 6’-O-n-methyl ester
(7), calendulaglycoside C 6’-O-n-butyl ester (8),
calenduloside F 6’-O-n-butyl ester (9) and calen-
duloside G 6’-O-n-methyl ester (10), exhibited
moderate inhibitory effects against the Epstein-
Barr virus early antigen (EBV-EA) activation
induced by 12-O-tetradecanoylphorbol-13-
acetate (TPA), (ICs, values of 471-487 mol
ratio/32 pmol TPA) (Ukiya et al. 2006).

Calendula officinalis aqueous extract was
found to have an immunomodulation effect
against three different live viruses in broiler
chickens (Barbour et al. 2004). There was a
reduction in immune response to IB (infectious
bronchitis) virus at 42 days of age, to ND
(Newcastle disease) virus at 29 and 42 days of
age, and to IBD (infectious bursal disease) virus
at 14, 29 and 42 days of age in the Calendula-
treated birds in comparison with controls. This
immune reduction in Calendulas-treated birds
was associated with insignificant reduction in the
bursal weight index at 42 days of age and an
improvement in mean weights at 21 and 41 days
of age.
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Immunomodulatory Activity

Polysaccharide fractions with molecular weights
in the range of 25,000-500,000 and higher
isolated from C. officinalis and several other
plants showed significant immunostimulating
activities in granulocytes and carbon clearance
tests (Wagner et al. 1985). Three polysaccha-
rides isolated from Calendula officinalis flowers
showed immunostimulating activity in several
in-vitro immunological test systems (Varljen
et al. 1989). Studies found that the ethanol
extract of C. officinalis exhibited no direct mito-
genic effect on human lymphocytes or thymo-
cytes (Amirghofran et al. 2000). They showed a
complete inhibitory effect on the proliferation
of lymphocytes in the presence of PHA (SI
(simulation index) range 0.01-0.49). Treatment
of mixed lymphocytes with 0.1-10 pg/ml of
C. officinalis (SI range 1.34-1.80) strongly
increased the cell proliferation.

Calendula officinalis extract was one of sev-
eral herbal extracts that was shown to be not infe-
rior to Echinacea purpurea tincture in terms of
stimulation of humoral immune response, phago-
cytic and bactericidal activity of peritoneal mac-
rophages in mice but exceeded effect of E.
purpurea on phagocytic activity of peripheral
blood neutrophils (Borsuk et al. 2009).

Antimutagenic Activity

All 13 saponins isolated Calendula officinalis,
C. arvensis and Hedera helix were found to be
nontoxic and non-mutagenic for doses of 400 pg
in the Salmonella/microsomal assay (Elias et al.
1990). Chlorophyllin inhibited the mutagenic
activities of benzo-[a]pyrene (BaP) (1 pg) and a
mutagenic urine concentrate from a smoker (5 pl)
in a dose-dependent manner.

Genotoxic/Antigenotoxic Activity
A fluid extract of Calendula officinalis exhibited

dose-dependent genotoxic properties when assayed
for mitotic segregation in the heterozygous diploid
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D-30 of Aspergillus nidulans (Ramos et al. 1998).
Mutagenicity testing with the Salmonella/micro-
some assay in strains TA 1535, TA 1537, TA 98
and TA 100 was negative in a plate incorporation
protocol, with concentrations ranging from 50 to
5,000 pg/plate. The extract was also negative in
the mouse bone marrow micronucleus test at 1 g/kg
per os. Pérez-Carredn et al. (2002) found that in
the unscheduled DNA synthesis (UDS) assay in
liver cell cultures, diethylnitrosamine (DEN) at
1.25 pM elicited a maximal increase of 40 % (3)
H-thymidine ((3)HdTT) incorporation, and both
aqueous (AE) and aqueous-ethanol (AEE)
extracts of C. officinalis flower completely
reverted the DEN effect at around 50 ng/ml and
between 0.4 and 16 ng/ml, respectively. In the
absence of DEN, these two polar extracts induced
UDS at concentrations of 25 pg for AE and 3.7 pg/
ml for AEE to 100 pg/ml in rat liver cell cultures.
Concentrations producing genotoxic damage
were three orders of magnitude above concentra-
tions that conferred total protection against the
DEN effect. Thus, at the lower end, ng/ml concen-
trations of the two polar extracts AE and AEE
conferred total protection (antigenotoxic) against
the DEN effect, and at the higher end, g/ml con-
centrations produced genotoxic effects.

No genotoxic or mutagenic effect was
observed in blood and bone marrow samples
from mice after 2 weeks of treatment with etha-
nol (250 or 500 mg/kg) or aqueous (90 mg/kg)
extracts of C. officinalis prior to treatment with
saline or methyl methanesulfonate (Leffa et al.
2012). Additionally, both extracts showed an
antigenotoxic effect by Comet assay, repairing
the DNA damage caused by methyl methanesul-
fonate. In the micronucleus test, only aqueous
extract of C. officinalis revealed a protective
effect to genetic material. The results suggested
that all the extracts of C. officinalis contained
protective substances that decreased damage to
genetic material.

Hepatoprotective Activity

In a rat hepatocarcinogenesis model, Calendula
officinalis flower extracts exhibited both protective
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and cytotoxic effects dependent on the concentra-
tion used presenting a phenomenon known as
hormesis (Barajas-Farias et al. 2006). The pro-
tective effect was observed at 0.1 mg/kg concen-
tration, increased at 0.5 mg/kg and reached its
maximum at 2.5 mg/kg, when it decreased the
area and number of altered foci by 55 and 49 %,
respectively, in comparison with rats treated only
with carcinogen, N-nitrosodiethylamine. Ten and
20 mg/kg doses produced a notorious increment
in the area and number of altered hepatic foci,
and at 40 mg/kg of extract the increment was 40
and 53 %, respectively.

Cardioprotective Activity

Animal studies showed that C. officinalis amelio-
rated myocardial ischemic reperfusion injury
(Ray et al. 2010). Rat hearts perfused with C. offi-
cinalis prior to subjecting the heart to ischaemia
and achieved cardioprotection by stimulating left
ventricular developed pressure and aortic flow as
well as by reducing myocardial infarct size and
cardiomyocyte  apoptosis.  Cardioprotection
appeared to be achieved by changing ischaemia
reperfusion-mediated death signal into a survival
signal by modulating antioxidant and antiinflam-
matory pathways as evidenced by the activation
of Akt and Bcl2 and depression of TNF-a.

Spasmogenic and Spasmolytic
Activities

The crude aqueous-ethanol extract of Calendula
officinalis flowers was found to contain both
spasmolytic and spasmogenic constituents,
exhibiting these effects through calcium channel
blocking and cholinergic activities (Bashir et al.
2006). In isolated rabbit jejunum, the extract
caused a dose-dependent (0.03—3.0 mg/ml) relax-
ation of spontaneous and K*-induced contrac-
tions, suggestive of calcium channel blockade. In
a few preparations, a mild non-reproducible
spasmogenic effect was observed at lower doses,
followed by relaxation. Activity-directed frac-
tionation revealed that the spasmolytic activity of
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the plant was concentrated in its organic fractions.
The aqueous fraction exhibited a marked atropine
sensitive spasmogenic effect but was found to be
devoid of any spasmolytic effect. The study pro-
vided a scientific base for its traditional use in
abdominal cramps and constipation.

Uterotonic Activity

A crude water extract of C. officinalis was found
to enhance the uterine tonus in isolated rabbit and
guinea pig uterine horn (Shipochliev 1981).

Estrogenic Activity

Two Polish studies in early 1960s reported that
calendula flower extracts exhibited some estrogenic
activity in ovariectomized mice (Banaszkiewicz
and Mrozikiewicz 1962; Banaszkiewicz et al.
1962).

Insecticidal Activity

A study on human volunteers showed that the
essential oils of myrtle and Marigold (Calendula
officinalis)  exhibited  repellency  against
Anopheles stephensi, vector of malaria disease,
but was generally lower than DEET, a synthetic
repellent (Tavassoli et al. 2011). The protection
time of 50 % essential oils of Marigold and myrtle
were respectively 2.15 and 4.36 hours compared
to 6.23 hours for DEET 25 %. The median
effective dose (EDs,) of essential oils was 0.1105
and 0.6034 mg/cm?, respectively, for myrtle and
Marigold.

Antiparasitic Activity

Glycosides of oleanolic acid, isolated from
Marigold, inhibited the development of L3
Heligmosomoides polygyrus larvae, the infective
stage of the intestinal parasitic nematode (Szakiel
et al. 2008). Furthermore, both oleanolic acid and
its glycosides reduced the rate of L3 survival dur-
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ing prolonged storage, but only oleanolic acid
glucuronides affected nematode infectivity.

Molluscicidal Activity

Studies found that the Calendula micrantha
officinalis flower ethanol extract higher mollusci-
cidal activity against Lymnaea cailliaudi,
Fascioliasis-transmitting snail, than the leaf
extract with LCs, of 35 and 52.17 ppm, respec-
tively (Abd-El-Megeed 1999). The mortality rate
of exposed snails was increased by prolongation
of the exposure time. The molluscicidal effect
resulted in enhancing energy utilization and
nutrient consumption since glucose, lipids, pro-
teins and triglycerides were greatly reduced. The
stomach and digestive gland of the treated
L. cailliaudi snails were greatly altered. Natural
rubber used as a binding matrix for Calendula
officinalis was found to be a source of mollusci-
cidal saponin (Helaly et al. 1999). The amount of
saponin released was affected by the environ-
mental temperature and the type of fillers present
in the formulations.

Allergy Problem

Members of the Compositae including C. offici-
nalis had been suspected of sensitization or elici-
tation of Compositae dermatitis (Paulsen 2002).
Sesquiterpene lactones were the most important
allergens, but there were a few cases of sensitiza-
tion from a coumarin, a sesquiterpene alcohol
and a thiophene.

Toxicity Studies

Animal studies by Lagarto et al. (2011) found
that the acute and subchronic toxicities of C. offi-
cinalis extracts were low. In the subchronic study
with doses of 50, 250 and 1,000 mg/kg/day
administered in drinking water, several of the
blood elements were significantly affected in
male and female Wistar rats after 90 days,
haemoglobin, erythrocytes, leukocytes and blood
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clotting time. For blood chemistry parameters,
ALT, AST and alkaline phosphatase were
affected. Histopathological examination of tis-
sues showed slight abnormalities in hepatic
parenchyma that were consistent with biochemi-
cal variations observed. In the acute study (dose
of 2,000 mg/kg) there were no mortality and
signs of toxicity.

Jeschke et al. (2009) conducted a prospective
observational study of prescribing patterns of
remedies containing Asteraceae extracts and
adverse drug reactions (ADR) in Germany from
these remedial extracts. Their study involved
herbal medicines, containing extracts of
Asteraceae such as Echinacea spp., Arnica mon-
tana, Matricaria recutita and Calendula officina-
lis and involved 38 physicians, 55 % of whom
were general practitioners and 45 % were spe-
cialists. During the study period, a total of 50,115
patients were evaluated and 344 ADRs for con-
ventional and complementary remedies were
reported. The most frequently prescribed
Asteraceae was Matricaria recutita (23 %), fol-
lowed by Calendula officinalis (20 %) and Arnica
montana (20 %). No serious ADRs for
Asteraceae-containing remedies were reported.
The majority of reported ADRs for Asteraceae-
containing remedies were classified as uncom-
mon. The proportional reporting ratios (PRRs)
for Asteraceae-containing remedies with respect
to all other prescriptions was 1.7 for the system
organ class ‘skin and subcutaneous tissue disor-
ders’ (six ADRs) and 1.0 for ‘gastrointestinal dis-
orders’ (three ADRs). Neither result was
significant. Their results indicated treatment with
Asteraceae-containing remedies was not associ-
ated with a high risk of adverse drug reactions
(ADRs).

In the acute toxicity test, the hydroalcohol
extract of Calendula officinalis failed to cause
death in the animals after administration of oral
doses up to 5.0 g/kg (Silva et al. 2007). Oral treat-
ment with the extract at 0.025, 0.25, 0.5 and
1.0 g/kg did not induce hematological alterations
when compared with the control group. In the
biochemical parameters, there was an increase in
blood urea nitrogen and in alanine transaminase
levels. Morphological examination of the brain,
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kidney and heart did not show any alteration.
However, inflammatory sites were found in the
lung and liver, which were associated, respec-
tively, with oral gavage and a possible hepato-
toxic effect. The extract was nontoxic in rats,
although there was evidence of renal and liver
overload. Subsequent studies by Silva et al.
(2009) showed that the treatment of Wistar rats
with hydroalcohol extract of Calendula officina-
lis flowers did not affect male reproductive
parameters. Besides, it was nontoxic in the pre-
implantation and organogenic periods (early and
middle periods) of pregnancy. However, the
extract induced a decrease in the maternal weight
gain when administered during the foetal period.

The Cosmetic Ingredient Review (CIR) Expert
Panel in their final report concluded that
Calendula officinalis-derived cosmetic ingredi-
ents were safe for use in cosmetics in the prac-
tices of use and concentration given in the
amended safety assessment (Andersen et al.
2010). C. officinalis extract, C. officinalis flower,
C. officinalis flower extract, C. officinalis flower
oil, and C. officinalis seed oil are cosmetic
ingredients derived from C. officinalis. These
ingredients may contain minerals, carbohydrates,
lipids, phenolic acids, flavonoids, tannins, couma-
rins, sterols and steroids, monoterpenes, sesqui-
terpenes, triterpenes, tocopherols, quinones,
amino acids and resins. These ingredients were
not significantly toxic in single-dose oral studies
using animals. The absence of reproductive/
developmental toxicity was inferred from repeat-
dose studies of coriander oil, with a similar
composition. Overall, these ingredients were not
genotoxic. They also were not irritating, sensitizing
or photosensitizing in animal or clinical tests but
may be mild ocular irritants.

Traditional Medicinal Uses

Calendula officinalis is used medicinally in
Europe, China and India among several other
places in the world (Muley et al. 2009) and is one
of the most common and versatile herbs in west-
ern herbal medicine and popularly used as
domestic medicine (Grieve 1971; Chevallier
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1996). The whole plant, in particular the flowers
and the leaves, are deemed antiphlogistic, anti-
septic, antispasmodic, aperient, astringent, chola-
gogue, diaphoretic, emmenagogue, stimulant and
vulnerary (Uphof 1968; Grieve 1971; Chiej 1984;
Chevallier 1996). Calendula officinalis has been
widely used from time immemorial in Indian and
Arabic cultures as an antiinflammatory agent to
treat minor skin wound and infections, burns, bee
stings, bites, sunburn, sprains, wounds, sore eyes,
ulcers, varicose veins and cancer (Grieve 1971;
Chiej 1984; Ray et al. 2010). Pot Marigold is
taken internally in treating fevers and chronic
infections (Grieve 1971; Chevallier 1996) and
used internally in order to speed the healing of
wounds (Castro 1996) and prevent suppuration
(Grieve 1971). The leaves, blossoms and buds are
used to make a homeopathic remedy (Castro
1996). Leaves eaten as salad were considered
useful in the treatment of scrofula in children.
The petals are used in herbal tea taken to ease
varicose veins. The crushed stems are applied to
warts and corns. Pot Marigold is also used as a
bactericide, antiseptic and antiinflammatory.

Other Uses

Potted Marigolds are grown all over the world for
ornamental purposes and also as medicinal herbs
in many cultures. Calendula flowers can be used
as cut flowers. In eastern countries, Marigold
flowers are used in garlands for social and reli-
gious purposes. The flowers also provide a yellow
dye used for fabrics, cosmetics and food. Potted
Marigold plant extracts are widely used in cosmet-
ics presumably due to presence of compounds
such as saponins, flavonoids, resins and essential
oils. Potted Marigold is also an important dietary
and medicinal source of carotenoids such as
lutein, lutein esters, zeaxanthin, auroxanthin and
flavoxanthin.

Calendula officinalis can be grown as an
intercrop or use as soil amendments to deter
insect and soil pests. Studies found that inter-
cropping with pot Marigold (C. officinalis)
afforded the most effective pest control on white
cabbage (Jankowska et al. 2009). Populations
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and ovipositing activities of cabbage pests,
namely, cabbage aphid Brevicoryne brassicae,
flea beetles Phyllotreta, small white butterfly
Pieris rapae, large white butterfly Pieris brassi-
cae, cabbage moth Mamestra brassicae and lar-
vae and pupae of the diamondback moth Plutella
xylostella, were significantly reduced. Studies
found that when used as a soil mulch (compost),
the plant can significantly reduce root-knot nem-
atode, Meloidogyne incognita, population in
quito orange (Solanum quitoense) plantings
(Betancourth Garcia et al. 2011). Pérez et al.
(2003) found that amending soil with C. officina-
lis flowers significantly reduce reproduction rate
of Meloidogyne artiellia on chickpea compared
to the non-amended treatment.

Comments

C. officinalis is widely grown in Europe, now
mainly as an ornamental. It is widely cultivated
in the CIS (Commonwealth of Independent
States comprising Belarus, Russian Federation
and Ukraine) republics, Holland, and in Germany
as an herbal medicine.
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Centaurea cyanus

Scientific Name

Centaurea cyanus L.

Synonyms

Centaurea concinna (Boiss. & A. Huet.) Trautv.,
Centaurea concinna Willd. ex Steud., Centaurea
cyaneum St.-Lag., Centaurea cyanus var. denu-
data Suksd., Centaurea hoffmanniana Asch.,
Centaurea lanata Roxb., Centaurea pulcherrima
Wight ex DC., Centaurea pulchra DC., Centaurea
rhizocephala Trautv., Centaurea segetalis Salisb.,
Centaurea umbrosa Reut., Cyanus arvensis
Moench, Cyanus cyanus Hill, Cyanus dentato-
folius Gilib., Cyanus vulgaris Delarbre, Jacea
segetum (Hill) Lam., Leucacantha cyanus (L.)
Nieuwl. & Lunell.

Family

Asteraceae

Common/English Names

Bachelors Button, Blue Bottle, Blue Cap, Blue
poppy, Blueblow, Bluebonnets, Bluebottle,
Boutonniere Flower, Cornflower, Cyani Flower,
Garden Cornflower, Hurtsickle

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers,

Vernacular Names

Brazil: Escovinha, Fidalguinhos

Czech: Chrpa Modr4, Chrpa Modrék, Chrpa Polni

Danish: Kornblomst

Dutch: Korenbloem

Eastonian: Rukkilill

Esperanto: Cejano,
Grenfloro

Finnish: Ruiskaunokki, Ruiskukka

French: Barbeau, Barbeau Bleu, Bleuet, Bleuet
Des Champs, Casse Lunette, Centaurée Bleue,
Centaurée Bleuet, Centaurée Bluet

Gaelic: Gorman

German: Blauchrut, Blaue Kornblume, Blaumiitze,
Cyane, Hunger, Hungerblume, Kaiserblume,
Kornbeisser, Kornblume, Kornfresser, Korn-
mutter, Kornnelke, Kornnégeli, Kreuzblume,
Rockenblume, Roggenblume, Schanelke,
Sichel-blume, Stripsen, Tremisse, Trampsen,
Zachariasblume, Ziegenbein

Hungarian: Buzavirdg, Kék Buzavirdg, Vetési
Buzavirdg

Icelandic: Akurprydi, Gardakornblém, Kornblém

Italian: Fiordaliso, Fiordaliso Vero

Japanese: Yaguruma-Giku

Norwegian: Akernellik, Knoppurt, Kornblom,
Kornblomst

Polish: Btawatek, Chaber Blawatek, Kolendra Siewna

Portuguese: Ambreta, Centdurea, Ciano,
Fidalguinhos, Loéios, Léios-Dos-Jardins,
Loucos-Dos-Jardins, Saudades

Centatireo  Grenkampa,
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Romanian: Albastrele

Slova$cina: Escovinha, Fidalguinhos
Slovencina: Nevidza Polna

Spanish: Aciano, Azulejo, Centaura Azul, Pincel
Swedish: Blagubbar, Blaklint, Blaklatt, Klint
Turkish: Mavigicek, Peygamber Cigegi

Welsh: Glas Yr Yd, Penlas Yr Yd

Origin/Distribution

Cornflower is indigenous to Europe, where it
occurs as a weed in fields.

Agroecology

It is found especially on porous, nutrient-rich
soils with pH 6.6-7.6 in grain fields, rye fields,
fallow land, wasteland and roadsides in its native
range. It thrives in full sun but has high average
daily water requirement.

Edible Plant Parts and Uses

The flowers are eaten cooked or raw as vegeta-
bles in salads or as garnish (Facciola 1990; Bown
1995; Rop et al. 2012). An edible blue dye is
obtained from the flowers, used for coloring
sugar and confections. The young shoots are also
eaten (Chiej 1984).

Botany

A robust, herbaceous annual, 20-85 cm with grey-
green, distally branched, weakly tomentose, slen-
der stem. Leaves gray-tomentose, alternate, basal
leaves linear-lanceolate, 3—10 cm, with entire mar-
gins sparsely toothed and acute apices, petiolated,
cauline leaves linear, sessile with entire margins.
Flower heads (capitula) rounded or flat-topped
cymbiform arrays, 2.5-3.5 cm diameter, on
long peduncles surrounded by campanulate invo-
lucral bracts. Phyllaries green, ovate to oblong,
tomentose to subglabrous, margins and erect
appendages white to dark brown or black fringed

Plate 1 Opened and unopened cornflowers

with slender teeth (Plate 1). Capitula’s ray florets
25-35, violet blue-blue (Plate 1) (sometimes pink-
ish or white), obliquely funnel-shaped, tip lobed,
those of sterile florets raylike and enlarged,
20-25 mm those of fertile florets 10—15 mm; disc
florets violet blue, tubular, in the centre of capitula.
Stamens 5. Pistil of 2 fused carpels. Fruit elliptic,
flattish, yellowish, fine-haired, 3.5-4 mm (0.14—
0.16 in.) long cypsela, tip with short, stiff unequal
bristles.

Nutritive/Medicinal Properties

Rop et al. (2012) reported that edible flowers of
Centaurea cyanus had a dry matter content
(%wlw) of 9.75 %, crude protein of 6.73 g/kg and
the following elements (mg/kg fresh mass (FM): P
534.48 mg, K 3568.77 mg, Ca 246.18 mg, Mg
138.49 mg, Na 74.28 mg, Fe 6.89 mg, Mn 2.29 mg,
Cu 0.89 mg, Zn 7.59 mg and Mo 0.49 mg.

From the aerial plant parts, six flavonoid agly-
cons (quercetin, kaempferol, isorhamnetin, api-
genin, luteolin, hispidulin), 8 flavonoid glucosides
(quercetin 7-O-P-p-glucoside (quercimeritrin),
isorhamnetin-7-O-p-p-glucoside, kaempferol
7-0O-B-p-glucoside, apigenin 4'-O-p-p-glucoside,
apigenin 7-O-fB-p-glucoside (cosmossiin), luteo-
lin 7-O-p-p-glucoside (cynaroside), apigenin
7-apioglucoside (apiin), luteolin 7-apioglucoside
(graveobioside)) and four hydroxycinnamic
acids (caffeic, chlorogenic, neochlorogenic and



Centaurea cyanus

isochlorogenic acids) were isolated (Litvinenko
and Bubenchikova 1988). Also, amino acids
arginine, serine, methionine, proline, glutamic acid,
tryptophan, alanine, phenylalanine and threonine
were detected. Apigenin-4’-0-(6-O-malonil-
glucoside)-7-O-glucuronide, methyl-apigenin and
methyl-vitexin,cyanidin-3-O-succinyl-glucoside-5-
O-glucoside/centaurocyanin (the marker com-
pound), cyanidin-3,5-diglucoside/cyanidin,
quercetin-3-0-gluco-rhamnoside/rutoside, isorh-
amnetin-7-O-glucoside, naringenin and narin-
genin-7-0-gluco-rhamnoside were also reported
from cornflower (Pirvu et al. 2012).

The following phenolic compounds were found
in the flowers: cis and trans-caffeic acids, protocat-
echuic and chlorogenic acids, p-hydroxybenzoic,
p-coumaric, vanillic, syringic, ferulic, salicylic and
benzoic acids, as well as cis-sinapic acid, trans-
sinapic acids or o-hydroxyphenylacetic acid and
p-hydroxyphenylacetic acids (Murav’eva and
Bubenchikova 2007; Pirvu et al. 2012) and
coumarins: 7-hydroxy-6-methoxycoumarin (sco-
poletin) and 7-hydroxycoumarin umbelliferone
(Bubenchikova 1990).

Blue cornflower pigment protocyanin was
found to have a complex of six molecules each of
anthocyanin (centaurocyanin, cyanidin 3-0-(6-O-
succinylglucoside)-5-0-glucoside ) and flavones
glycoside (apigenin 7-O-glucuronide-4’-O-(6-0-
malonylglucoside), with metals one ferric iron,
one magnesium and two calcium ions (Shiono
et al. 2005; Takeda et al. 2005). Centaurea cyanus
flowers were found to contain phenylpropanic
compounds, flavonoids and anthocyanins and tan-
nins (Chiru 2009). Anthocyanins were found to
confer diuretic, antiinflammatory and healing
properties. Red flowers were found to have four to
five times more anthocyanins and also phenolic
compounds than blue flowers.

The methanol extract of the seeds of Centaurea
cyanus afforded four indole alkaloids: moschamine,
cis-moschamine, centcyamine and cis-centcyamine
(Sarker et al. 2001). Epoxylignans, berchemol and
lariciresinol 4-O-p-p-glucopyranoside were found
in the seeds of C. cyanus (Shoeb et al. 2004).

Volatiles emitted from mechanically damaged
C. cyanus leaves included predominantly (100—
1,000 pg) cis-3-hexenyl acetate; cis-3-hexenol,
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B-caryophyllene and germacrene D; trans-p-
farnesene (38—-100 pg) and 1-37 pg of trans-2-
hexanal, hexyl acetate, hexanol, trans-2-hexenol,
a-copaene, 3-cubebene, y-amorphene/y-muurolene,
o-muurolene, unknown sesquiterpene, bicycloger-
macrene, O-cadinene and geranylacetone (Beck
et al. 2008). C. cyanus had been reported to attract
the weevil, Ceratapion basicorne, a candidate for
biological control.

Antioxidant Activity

Cornflowers were found to have a total antioxidant
capacity of 6.81 g ascorbic acid equivalent/kg
fresh mass (FM), a total phenolic content of 4.76 g
gallic acid/kg/FM and total flavonoid content of
1.81 g rutin/kg FM (Rop et al. 2012).

Antiinflammatory Activity

Different pharmacological experiments (inhibi-
tion of carrageenan, zymosan and croton
oil-induced oedemas, inhibition of plasma hae-
molytic activity, induction of anaphylatoxin activ-
ity) showed that polysaccharides extracted from
C. cyanus flower heads had antiinflammatory
properties and interfered with complement
(Garbacki et al. 1999). Additionally, these poly-
saccharides were found to be mainly composed of
galacturonic acid, arabinose, glucose, rhamnose
and galactose. The findings rationalized the use of
cornflower flowers in European phytotherapy for
the treatment of minor ocular inflammations.

Cytotoxicity Activity

Four indole alkaloids, moschamine, cis-
moschamine, centcyamine and cis-centcyamine,
isolated from the seeds exhibited cytotoxicity as
determined by brine shrimp lethality bioassay
(Sarker et al. 2001). Crude extracts of Centaurea
cyanus exhibited cytotoxicity in Artemia salina and
human fibrosarcoma cells, and were found to
contain guaianolides (Bruno et al. 2005). The inflo-
rescence and root ethanol extracts of C. cyanus
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elicited antileukemic properties and induced cell
death via apoptosis (Wegiera et al. 2012).

Serotoninergic and COX Inhibitory
Activities

Moschamine, a safflomide-type phenylpropenoic
acid amide found in C. cyanus, was found to
exhibit serotoninergic and COX inhibitory
activities (Park 2012). At the concentration of
10 pmol/l, moschamine was able to inhibit
forskolin-stimulated cAMP formation by 25 %,
via inhibiting serotonin receptors in the OK cells.
The inhibition was repressed by two 5-HT1
antagonists (Nan-190 and spiperone), suggesting
that moschamine may suppress cAMP formation
via binding to 5-HT1 receptors in the cells. Also,
moschamine being a very potent compound
inhibited COX-I by 58 % and COX-II by 54 %, at
the concentration of 0.1 pmol/l.

Antiulcerogenic Activity

The crude aqueous, ethanol and acetone extracts of
C. cyanus flower head and aerial parts were found
to have potent gastroprotective effect using the
stress-induced ulcer model in rats (Pirvu et al.
2012). The polyphenol fraction of the acetone
extract contained high levels of polysaccharides
and minerals (over 60 %) and modest level of quer-
cetin, apigenin and caffeic acid derivatives (<1 %).

Traditional Medicinal Uses

Cornflower has been used in herbal medicine for a
long time (Grieve 1971; Launert 1981; Chiej 1984;
Chopra et al. 1986; Bown 1995; Chevallier 1996)
but is seldom used nowadays (Chiru 2009). The
dried flowers are antipruritic, antitussive, astrin-
gent, mildly diuretic, emmenagogue, ophthalmic,
very weakly purgative and tonic. An infusion can
be used in the treatment of dropsy, constipation,
kidney ailments, or as a mouthwash for ulcers
and bleeding gums. The infusion is also taken as a
bitter tonic and stimulant for the liver, improving
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digestion as well as improving resistance to infec-
tions. An eye wash prepared with cornflower blos-
soms is employed as an antiinflammatory for eye
ailments, conjunctivitis, as well as to relieve
strained, tired, or puffy eyes. Blue blossoms infused
in water are held to have both curative and calming
action for nervous disorders. Eye wash is reputed to
strengthen weak eyes. Traditionally it is said to
work best on blue eyes while Plantago major
(great plantain) was used for brown eyes. The seeds
are employed as a mild laxative for children.
Cornflower leaves are used to create a cleansing
facial steam for dry sensitive skin. A decoction of
the leaves is antitheumatic.

Other Uses

The cornflower is considered to be a good com-
panion, in small quantities, for cereal crops and
a good plant for bees, butterflies and moths.
Flowers are popularly used in fresh and dried
floral arrangements. A blue dye is obtained from
the petals when mixed with alum; the dull impart
a lovely color to linen but the dye is not perma-
nent. Extracts of the plant are used in hair sham-
poos and rinses.

In folklore, cornflowers were worn by young
men in love; if the flower faded too quickly, it was
taken as a sign that the man’s love was not returned.

Comments

The blue cornflower is the national flower of
Estonia and also one of the national flowers of
Germany.
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Scientific Name

Chrysanthemum morifolium Ramat.

Synonyms

Anthemis  artemisifolia ~ Willd.,  Anthemis
grandiflora Ramat., Anthemis stipulacea Moench,
Chrysanthemum  hortorum,  Chrysanthemum
hortorum W. Mill., Chrysanthemum maximovic-
zianum Ling, Chrysanthemum maximoviczianum
var. maximoviczianum, Chrysanthemum
morifolium var. genuinum Hemsley, Chrysan-
themum morifolium var. morifolium, Chrysan-
themum morifolium var. sinense (Sabine)
Makino, Chrysanthemum procumbens Blume,
Chrysanthemum sabini Lindl., Chrysanthemum
sinense Sabine ex Sweet, Chrysanthemum sinense
Sabine, Chrysanthemum sinense var. hortense
Makino ex Matsum., Chrysanthemum sinense var.
sinense, Chrysanthemum stipulaceum (Moench),
Dendranthema grandiflorum (Ramat.) Kitam.,
Dendranthema morifolium (Ramat.) Tzvelev,
Dendranthema sinensis (Sabine) Des Moul.,
Matricaria morifolia (Ramat.) Ramat., Pyrethrum
sinense (Sabine) DC., Pyrethrum sinense var.
sinense, Tanacetum morifolium (Ramat.) Kitam.,
Tanacetum sinense (Sabine) Sch. Bip.

Family

Asteraceae

T.K. Lim, Edible Medicinal And Non-Medicinal Plants: Volume 7, Flowers,

Common/English Names

Chrysanthemum, Mum, Mums, Florists
Chrysanthemum, Florist’s Daisy, Garden Mums

Vernacular Names

Brazil:  Crisantemo, Crisantemo-Da-China,
Crisantemo-Do-Japdo, Monsenhor

Chinese: Chu Hua, Huangjuhua, Ju Hua, Qui
Hua

Costa Rica: Crisantemo

Czech: Listopadka Velkokvéta

French: Chrysanthéme

German: Chrysantheme, Garten-Chrysantheme

Honduras: Crisantemo, Margarita, Rosa De
Novia

India:  Gundandi
(Manipuri)

Indonesian: Bunga Krisan

Japanese: Kangiku,
Shokoyu-Giku

Korean: Guk Hwa

Malaysia: Kek Hwa, Bunga Chrysanthemum

Nicaragua: Margarita

Philippines: Manzanilla (Iloko), Rosas De Japon
(Spanish), Rosas De Japon (Tagalog)

Russian: Chrisantema gelkovicelistnaja,
Kitajskaja, Krupnocvetovaja

Spanish: Crisantemo

Swedish: Krysantemum

Thai: Khek-Huai

Vietnamese: Bach Cuc, Cic Hoa Tréng, Pbai Cic

(Hindi), Chandramukhi

Ryouri-Giku,
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Origin/Distribution

Garden Chrysanthemum is native to China. It has
been introduced as an ornamental to Europe,
North and South America, Asia, Australia and
South Africa.

Agroecology

Chrysanthemum prefers mild cool climates and is
grown in areas with mean temperature of 16-24 °C.
They are frost sensitive, and low temperature below
10 °C is detrimental for plant growth, development
and flowering. Optimum temperature for flowering
has been reported to be in the range of 18-21 °C
(De Jong 1978; Karlsson et al. 1989). Langton and
Horridge (2006) found that chrysanthemum flow-
ered earlier when grown in a 24 °C day/14 °C night
temperature regime compared with alternating
between continuous 114 and 24 °C conditions on
2-day or 14-day cycles. Karlsson et al. (1989)
suggested that chrysanthemum flowering was
dependent upon an interaction between day and
night temperature, as well as the incident daily pho-
tosynthetic photon flux. They also found that a night
temperature between 17 and 18 °C yielded the
largest flowers and the shortest time to flower in
‘Bright Golden Anne’, regardless of day tempera-
ture or irradiance level.

van der Ploeg et al. (2007) divided chrysanthe-
mum cultivation into a long-day (LD) period,
during which the plants grow vegetatively, and a
short-day (SD) period. During this latter period,
flower initiation and further development takes
place. The number of days from the start of SD to
harvest is referred to as the reaction time, and this
trait is very sensitive to temperature, showing a
definite temperature optimum (De Jong 1978).
Chrysanthemums are short-day (SD) plants; the
natural photoperiod of about 12 hours is suitable
for good flowering of most cultivars (Kofranek
1980; Kahar 2008). Kahar (2008) found that
shortening the day length from about 12 hours
under natural photoperiod to 8 hours with and
without incandescent lighting did not really
improve flowering time and flower quality of C.
morifolium cv. Reagan Sunny.
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Garden chrysanthemum thrives best in fertile,
moist, well-drained slightly acidic soil rich in
organic matter in full sun but will grow in less
ideal conditions.

Edible Plant Parts and Uses

The flowers and young leaves are edible (Read
1946; Uphof 1968; Tanaka 1976; Facciola 1990).
Leaves are cooked or boiled and used as greens
or as fritters. They are tangy, bitter and mildly
peppery in flavour. The leaves can also be used to
flavour vinegar. An aromatic tea is also made
from the leaves. The flowering heads and petals
are parboiled, seasoned with vinegar or soya
sauce, and served as a salad with tofu. They can
also be prepared as tempura, pickled, dried or
added to soups. In Chinese cuisine, chrysanthe-
mum petals are mixed into a thick snake meat
soup to enhance the flavour. In Japan, small
chrysanthemum flowers are used as garnish in
sashimi. A tangy aromatic tea is made from the
flowers or flower petals, commonly called chry-
santhemum tea, and is drunk without or with little
sugar or honey. In Korea, a rice wine flavoured
with chrysanthemum flowers is called ‘gukhwaju’.
Chrysanthemum flowers are also widely used as
a food supplement and are considered a health
food by many consumers (Chu et al. 2004; Lai
et al. 2007).

Botany

An herbaceous perennial grows to 1 m high with
erect or ascending sometimes procumbent,
sparsely branched stem with dense pubescent
foliage. Leaves olive-green, aromatic, weakly
pubescent to subglabrous on both surfaces on
1-2 cm long petioles. Lamina ovate to oblong
ovate in outline, 4—10 cm by 3-5 cm wide, deeply
cut (pinnatifid) to shallowly pinnatipartite into
short, obtuse, terminal and lateral lobes (Plates 1
and 2), truncate to subcordate at the base, upper
leaves entire and smaller. Capitula 3—6 cm across,
numerous on 5 cm long pubescent peduncles in
lax corymbs. Involucre 10-22 mm in diameter,
4-5 seriate, phyllaries outer ones deltoid-ovate,
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Plate 1 Garden chrysanthemum leaves and immature
flower buds

Plate 2 Garden chrysanthemum plants in full bloom

middle ones ovate, innermost elliptic, broader at
apex. Ray florets yellow to variously coloured
(pink, white, orange, lavender, purple, red, rust,
bronze, olive-green) in cultivars with entire or
triserrate oblong ligules (Plates 2, 3,4, 5, 6, 7 and
8). Disc florets yellow to pale greenish-yellow
with 5-toothed corolla tube. Cypsela obovoid,
1.5-2 mm, light brown.

Nutritive/Medicinal Properties
Flower Phytochemicals

Four kinds of normal saturated hydrocarbons,
C.H,,,» (n=19-22), namely, nonadecane, eico-
sane, heneicosane and docosane; and campesterol,
stigmasterol, [-sitosterol, o-amyrin, palmitic

Plate 3 Close view of chrysanthemum (anemone flower
type)

acid, linoleic acid, stearic acid, behenic acid and
lignoceric acid were detected in Chrysanthemum
morifolium petals (Takahashi et al. 1975). Also
11 free amino acids, arginine, aspartic acid,
threonine, serine, glycine, proline, glutamic acid,
alanine, leucine, isoleucine and valine, were
identified. Two hydroxy taraxastane-type triter-
penes, faradiol and heliantriol C, were isolated
from the ligulate flowers of C. morifolium
(Yasukawa et al. 1998). Content of chlorogenic
acid found in the flowers were 0.060-0.467 %
(Li et al. 1999). Three flavonoids in C. morifo-
lium were identified as acacetin-7-O-f-Dp-
glucoside,  apigenin-7-O-p-p-glucoside  and
luteolin-7-O-B-p-glucoside (Liu et al. 2001).
From C. morifolium, eight compounds were iso-
lated and identified as chrysoeriol (1), apigenin
(2), luteolin (3), quercetin (4), chrysoeriol-7-O-
B-d-glucoside (5), apigenin-7-O-f-p-glucoside
(6), luteolin-7-O-p-p-glucoside (7) and tilianin-
7-0O-B-p-glucoside (8) (Jia et al. 2003).

From the nonsaponifiable lipid fraction from
the methanol flower extract, 24 triterpene diols
and triols were isolated, of which three were new
compounds: (245)-25-methoxycycloartane-3f3,24-
diol, (245)-25-methoxycycloartane-3,24,28-triol,
and 22a-methoxyfaradiol (Ukiya et al. 2001).
Faradiol (9) and heliantriol C (19), present in the
nonsaponifiable lipid fraction and as the
3-O-palmitoyl esters in the n-hexane soluble
fraction, were the most predominant triterpene diol
and triol constituents. Fifteen pentacyclic triterpene
diols and triols, consisting of six taraxastanes,



Chrysanthemum morifolium

253

Plate 6 Chrysanthemum (single daisy-like flower type)

faradiol, heliantriol =~ BO, heliantriol C,
22a-methoxyfaradiol, arnidiol and faradiol
a-epoxide; five oleananes, maniladiol, erythrodiol,
longispinogenin, coflodiol and heliantriol Al; two
ursanes, brein and uvaol; and two lupanes, calen-
duladiol and heliantriol B2, were isolated from the
nonsaponifiable lipid fraction of the edible flower
extract of C. morifolium (Ukiya et al. 2002). The

Plate 7 Chrysanthemum (cushion or azalea mums
flower type)

flavonoids acacetin, apigenin, luteolin and querce-
tin were isolated from the ethyl acetate fraction of
the flower methanol extract (Miyazawa and
Hisama 2003). The amount of luteolin was found
to be lower than that of luteolin-f-p-glucoside
(Hu et al. 2004). Two dicaffeoylquinic acids,
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Plate 8 Green-flowered chrysanthemum (anemone
flower type)

3,5-dicaffeoyl-epi-quinic acid and 1,3-dicaffeoyl-
epi-quinicacid, wereisolated from Chrysanthemum
morifolium together with six known dicaf-
feoylquinic acid derivatives and three flavonoids
(Kim and Lee 2005). Two flavonoid glycosides
were isolated from the flowering heads and their
structures elucidated as luteolin 4’-methoxy-7-O-
(6"-0O-acetyl)-p-p-glucopyranoside and acacetin
7-0-(3"-0-acetyl)-B-p-glucopyranoside  (Zhang
et al. 2006). The flowers were found to contain
p-mannitol and saccharide (Cheng et al. 2008).

Sixteen xanthophylls were isolated from chry-
santhemum petals among which. Among them,
(3S,5S,6R,3’R,6’R)-5,6-dihydro-5,6-
dihydroxylutein (1) and five di-Z geometrical iso-
mers of lutein-5,6-epoxide, i.e., 9Z,13°Z (2),
132,9°Z(3),9°Z,13°Z (4),9Z,13Z (5),and 92,9°Z
(7), had never before been identified as natural
products (Kishimoto et al. 2004). All of the carot-
enoids isolated from chrysanthemum, except for
(92)-violaxanthin, are p, e-carotene (x-carotene)
derivatives.

Total anthocyanins and total carotenoids in
pg/g fresh weight in C. morifolium cv. Dark
Dramatic (orange flowers) were 792.7 and
343.4 pg, respectively; cv. Florida Marble (yellow
flowers) was 144.9 pg and cv. Vodka Lime (yel-
low flowers) was 121.9 pg (Kishimoto et al.
2007). Eleven compounds were identified in the
flowers; luteolin (1), quercetin (2), acacetin
7-0-B-p-(3"-acetyl)-glucopyranoside (3), luteolin
7-0-B-p-(6"-acetyl)-glucopyranoside (4), hesper-
etin 7-O-PB-p-glucopyranoside (5), acacetin

7-0-B-p-glucopyranoside (6), diosmetin 7-O-f-D-
glucopyranoside ~ (7),  apigenin  7-O-f-p-
glucopyranoside (8), hesperidin (9), linarin (10)
and luteolin 7-O-B-p-glucopyranoside (11) (Wang
et al. 2008c). The common chemical constituents
in the essential oil of the five Hangjuhua culti-
vars were juniper camphor (10.51-13.28 %),
methyl f, p-dimethylbenzenepropanoic acid
ester (1.51-4.89 %), 1,3,3-trimethylcyclohex-
1-ene-4-carboxaldehyde, borneol, a-curcumene,
a-bisabolol, cis-caryophyllene, benzyl benzoate,
2,4-decadienal and heneicosane (Guo et al. 2008).
Juniper camphor was found to be a characteristic
constituent in the essential oil of Hangjuhua. A
p-hydroxyphenylacetyl flavonoid, diosmetin
7-(6"-0-p-hydroxyphenylacetyl)-O-p-p-
glucopyranoside, was isolated from the flowers
together with five known flavonoids, luteolin,
diosmetin, diosmetin 7-O-f-pD-glucopyranoside,
diosmin and scolimoside, and four known
caffeoylquinic acid derivatives, macranthoin F
3,5-dicaffeoylquinic acid, 1,3-dicaffeoyl-epi-
quinic acid and chlorogenic acid (Xie et al. 2009).

Thirty-three volatiles were extracted and iden-
tified in dry chrysanthemum flowers comprising
mainly unsaturated organic compounds, such as
monoterpenes, sesquiterpenes and their oxygen-
ous derivatives; triterpenoids; and aliphatic com-
pounds (Wang et al. 2008a). The compounds
included the following: camphene (112.7 pg/g),
pinene (106.3 pg/g), bornyl acetate (67.3 pg/g),
3-carene (62. pg/g), eucapyptol (52.1 pg/g),
1,7,7-trimethyl-bicyclo[2.2.1]hept-2-ene
(41.3 pg/g), camphor (29.4 pg/g), caryophyllene
oxide(20.0pg/g),4-methylene-1-(1-methylethyl)-
cyclohexene (13.5 pg/g), 2,2,3-trimethyl-
3-cyclopentene-1-acetaldehyde (10.9 pg/g),
1-methyl-4-[1-methylethyl]-1,4-cyclohexadiene
(9.2 pg/g), borneol (4.2 pg/g), 6,6-dimethyl-
2-methylene-bicyclo[2.2.1]heptan-3-one
(4.2pgl/g), (15)-6,6-dimethyl-2-methylenebicyclo
[3.1.1]heptane (3.4 pg/g), bicyc[3.1.1]hept-2-en-
4-01,2.6.6-trimethyl-,acetate (3.1 pg/g), 6,6-
dimethyl-2-methylenecyclo[3.1.1]heptane
(2.7 pglg), 4-methyl-1-[1-methylethyl]-3-cyclo-
hexen-1-ol (1.8  pg/g), 2-methyl-5-(1-
methylethyl)-bicyclo [3.1.0]hex-2-ene (1.7 pg/g),
oct-1-enyl acetate (1.7 pg/g), 1-methyl-4-[1-
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methylethylidene]-cyclohexene (1.6 pg/g),
2-methyl-butanoic  acid  2-methylbutylester
(1.6 pgl/g), 4-camphene (1.4 pg/g), 3,7,7-tri-
methyl-bicyclo[4.1.0]hept-2-ene (1.4  png/g),
6,6-dimethyl-bicyclo[3.1.1]hept-2-
ene-2-carboxaldehyde (1.4 pg/g), isobornyl ace-
tate (1.4  pg/g),3-cyclopentene-1-acetalde-
hyde,2,2,3-trimethyl (1.3 pg/g), 1-methyl-3-(1-
methylethenyl)-cyclohexene (1.3 pg/g), 1,6,10-
dodecatriene,7,11-dimethyl-3-methylene-,
[Z] (1.1 pg/g), 1a,2,3,5,6,7,7a,7p-octahydro-1,
1,7,7a-tetramethyl-1 H-cyclopropa[a]naphtha-
lene (0.8 pg/g), 1,2,3,4,4a,5,6,8a-octahydro-
7-methyl-4-methylene-1-(1-methylethyl)-
naphthalene (0.7 pg/g), caryophyllene (0.7 pg/g),
decahydro-1,1,7-trimethyl-4-methylene-1H-
cycloprop[e]azulen-7-ol (0.6 pg/g) and 2,3,6,7,
8,8a-hexahydro-1,4,9,9-tetramethyl-1H-3a,
7-methanoazulene (0.6 pg/g).

Twenty-eight 3-hydroxy triterpenoids of tarax-
astane-type, y-taraxasterol, faradiol, heliantriol C,
22a-methoxyfaradiol, faradiol a-epoxide, arnidiol
and taraxasterol; of oleanane type, P-amyrin,
maniladiol, erythrodiol, longispinogenin and cof-
lodiol; of ursane-type a-amyrin, brein and uvaol;
of lupine-type, lupeol, 3-epilupeol, calenduladiol
and heliantriol B,; of taraxane-type, taraxerol; of
cycloartane-type, cycloartenol, 24-methylenecy-
cloartanol, (24R)-cycloartane-3f,24,25-triol,
(245)-cycloartane-3f,24,25-triol and  (24S5)-25-
ethoxycycloartane-3[3,24-diol; of tirucallane-type,
helianol, 4,5a-epoxyhelianol and A’-tirucallol;
and of dammarane-type, dammaradienol, were
isolated from the nonsaponifiable lipid fraction of
C. morifolium flower extract (Akihisa et al. 2005).
One lupane-type 3a-hydroxy triterpenoid (3-epi-
lupeol) was derived from lupeol. Chlorogenic
acid; 1,5-dicaffeoylquinic acid; isochlorogenic
acid A; isochlorogenic acid C; luteolin-7-O-p-d-
glucoside; and apigenin-7-O-f-p-glucoside were
detected in C. morifolium flower head (Qin and
Wen 2011). The contents of the components in the
steam-blanched flower heads were significantly
higher than those non-blanched. The contents of
chlorogenic acid and isochlorogenic acid A in the
steam-blanched semi-opened flower heads were
higher than fully opened ones by 53 and 41 %,
respectively.
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Chrysanthemum morifolium flowers afforded
mixtures of the C-3 palmitate and myristate esters
(3:2) of mailadiol (1), the C-3 palmitate and
myristate esters (3:2) of heliantriol C (2) and fatty
acid esters (1:1) of faradiol (3) and arnidol
(Ragasa et al. 2005). Two acidic polysaccharides,
F4 and F5, were isolated from C. morifolium
flowers (Zheng et al. 2006). F4 contained arabi-
nose, galactose and galacturonic acid units in a
molar ratio of 1.0:2.3:6.8 and F5 contained
arabinose, rhamnose galactose and galacturonic
acid units in a molar ratio of 1.0:3.2:1.0:4.3.
Further, F4 had a homogalacturonan main chain
with arabinogalactan side chain linked to three
position of (1 — 3,4)-linked galacturonan and F5
had a rhamnogalacturonan main chain with ara-
binogalactan side chain linked to 3 position of
(1—-3,4)-linked galacturonan or 4 position of
(1—-24)-linked rhamnose. Biological tests revealed
that F4 and F5, two new acidic polysaccharides
from the flowers, could simulate the mitogen-
induced T and B lymphocyte proliferation in-vitro.

Lin and Harnley (2010) identified 46 flavonoids
and 17 caffeic acid derivatives in the aqueous meth-
anol extract of chrysanthemum (Chrysanthemum
morifolium) flowers. The following flavonoids
were identified:  6,8-C,C-diglucosylapigenin;
6-C-xylosyl-8-C-glucosylapigenin; 6-C-glucosyl-
8-C-arabinosylapigenin; 6-C-arabinosyl-8-C-
glucosylapigenin;  luteolin ~ 7-O-dihexoside;
isorhamnetin 3-O-diglucoside; trihydroxymethoxy-
flavone 7-O-diglucoside; luteolin-O-glucuronyl-
hexoside; luteolin 7-O-pentosylhexoside; luteolin-7-
O-rutinoside; quercetin-7-O-galactoside; quercetin-3-
O-glucoside; eriodicyol-7-O-glucoside; luteolin-7-
O-glucoside; luteolin-7-O-glucuronide; diosmetin
7-O-diglucoside; apigenin-7-O-rutinoside; dios-
metin  7-O-rutinoside; apigenin-7-O-glucoside;
luteolin glucoside; diosmetin 7-O-galactoside;
diosmetin-7-0O-glucoside; luteolin-7-O-6"-malonyl-
glucoside; quercetin glycoside; diosmetin-7-O-
glucuronide; trihydroxymethoxyflavone glucoside;
acacetin  7-O-diglucoside;  apigenin-7-O-6"-
malonylglucoside; luteolin-7-O-6"-acetylglucoside;
apigenin 7-O-6"-acetylglucoside; diosmetin-7-O-
6”-malonylglucoside;  diosmetin-7-O-6"-acetyl-
glucoside; acacetin 7-O-rutinoside; luteolin;
acacetin-7-O-galactoside;acacetin 7-O-glucuronide;
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acacetin-7-0-6"-malonylgactoside; apigenin;
diosmetin; acacetin-7-0-6"-acetylgalactoside;
acacetin-7-O-acetylgalactoside;  acacetin-7-O-
acetylgalactoside; ~ acacetin-7-O-malonylacetyl-
galactoside;  eupatorina  or  chrysosplenol;
chrysosplentin or its isomer; and acacetin. The fol-
lowing hydroxycinnamoylquinic acids were found:
1-caffeyolquinic acid; 3-caffeyolquinic acid; caf-
feic acid 4-glucoside; chlorogenic acid; 4-caf-
feoylqunic acid; 5-sinapoylquinic acid; caffeic
acid; 1,3-di-caffeoylquinic acid; di-caffeoylquinic
acid glucoside; di-caffeoylquinic acid glucoside;
3,4-di-caffeoylquinic acid; 1,4-di-caffeoylquinic
acid; 1,5-di-caffeoylquinic acid; 3,5-di-caffeoylquinic
acid; 3-methoxyoxaloyl-1,5-di-caffeoylquinic
acid; 4,5-di-caffeoylquinic acid; 4-caffeoyl-5-feru-
loylquinic acid; 4-caffeoyl-5-feruloylquinic acid
isomer; and 3,4,5-tricaffeoylquinic acid.

Eight flavonoids vitexin-2-O-rhamnoside
0.10 mg/g, quercetin-3-galactoside 2.46 mg/g,
luteolin-7-glucoside 50.59 mg/g, quercetin-3-
glucoside 1.33 mg/g, quercitrin 21.38 mg/g,
myricetin 2.13 mg/g, luteolin 5.22 mg/g, api-
genin 0.70 mg/g and kaempferol 0.14 mg/g were
identified in C. morifolium flowers (Sun et al.
2010). Fifty-eight volatiles were identified in the
flowers: p-humulene 96.48 %, ledene oxide-(I)
52.96 %, cis-Z-a-bisabolene epoxide 36.84 %,
3,4-dihydro-2,2-dimethyl-2H-1-benzopyran
36.00 %, trans-limonene oxide 26.52 %,
2-methyl-5-(1-methylethenyl)-cyclohexanone
22.51 %, 2,6-dimethyl-1,3,6-heptatriene 19.24 %,
1,6-dibromo-hexane 18.79 %, f-elemene 16.64 %,
bromo-cyclohexane 15.76 %, 1-(1,5-dimethyl-4-
hexenyl)-4-methylbenzene 15.28 %, 3,3,6,6-
tetraethyl-ricyclo[3.1.0.0(2,4)]hexane 15.25 %,
3-cyclohexene-1-methanol 13.29 %,6-isopropenyl-
4,8a-dimethyl-1,2,3,5,6,7,8,8a-octahydro-
naphthalen-2-ol 12.41 %, caryophyllene 11.57 %,
1-tert-butyl-1,5-cyclooctadiene 1 1.49%,6-methyl-5-
hepten-2-one 10.53 %, eicosane 9.54 %, caryo-
phyllene oxide 9.45 %, docosane 8.90 %,
5-(1,5-dimethyl-4-hexenyl)-2-methyl-1,3-cyclo-
hexadiene 7.80 %, bicyclo[10.1.0]tridec-1-ene
7.54 %, isoaromadendrene epoxide 7.44 %,
1,5,9,13-tetradecatetraene 7.01 %, eudesma-
4(14),11-diene 6.54 %, 1H-cyclopropa[a]naph-
thalene 6.53 %, heneicosane 6.35 %, cedrol
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6.29 %, (1,1-dimethylpropyl)-benzene 6.08 %,
camphene 5.85 %, longifolenaldehyde 5.81 %,
3-methyl-2-cyclohexen-1-one 5.19 %, 1,7,7-tri-
methyl-bicyclo[2.2.1]heptan-2-one5.03 %, trans-Z-
a-bisabolene epoxide 5.01 %, 2,4-bis(1,1-dimeth-
ylethyl)phenol 3.03 %, p-sesquiphellandrene
296 %, 2,3,3-trimethyl-1-butene 2.92 %,
germacrene 2.83 %, 7,11-dimethyl-3-methylene-
1,6,10-dodecatriene  2.72 %, 1-methyl-4-
(1-methylethylidene)-cyclohexane 2.29 %, 3.5-
dimethyl-2-ethyl-1,3-cyclopentadiene 2.21 %,
cis-a-santalol2.21%,3,4,4-trimethyl-2-cyclohexen-
1-one 2.14 %, spathulenol 2.10 %, o-farnesol
2.10 %, borneol 1.88 %, 1,2-benzenedicarboxylic
acid, butyl octyl ester 1.75 %, 9,10-dehydro-
isolongifolene 1.72 %, 1,3,3-trimethylcyclohex-
1-ene-4-carboxaldehyde 1.56 %, o-farnesene
1.48 %, limonene 1.41 %, 1,8-dimethyl-4-(1-
methylethyl)-spiro[4.5]dec-8-en-7-one 1.27 %,
5,5-dimethyl-1-ethyl-1,3-cyclopentadiene
1.14 %, a-pinene 1.04 %, 4-bromo-2-methyl-1-
butene 0.95 %, 4-methyl-1-(1-methylethyl)-3-
cyclohexen-1-ol 0.80 %, 1-(1,4-dimethyl-3-
cyclohexen-1-yl)-ethanone 0.64 % and 1,7,7-tri-
methyl-bicyclo[2.2.1]heptan-2-ol acetate 0.60 %.

The content of flavonoid and chlorogenic acid
in C. morifolium flowers was the highest at 70 %
of full blossom, the anthocyanin at 50 % and
polyphenol oxidase (PPO) activity at 30 % (Liang
et al. 2007). Differences were found in phenylal-
anine ammonia-lyase (PAL) and peroxidase
(POD) content in the two cultivars; ‘huaidabaiju’
had 70 and 30 %, and ‘huaixiaobaiju’ had 50 and
50 %, respectively. From C. morifolium cultivars
Zaogongju, Wangongju, Huangyaoju, Chuju,
Xiaoboju and Daboju, 75, 54, 78, 50, 53 and 43
components were identified, which were com-
posed of 85.67, 82.80, 81.38, 73.22, 71.51 and
72.87 % of the total flower essential oil, res-
pectively (Wang et al. 2008b). Monoterpenoid
compounds were more abundant than sesquiter-
penoid compounds in the juhua cvs Zaogongju,
Wangongju, Huangyaoju, Xiaoboju and Daboju
except for Chuju. There was no difference in the
constituents of essential oil of Zaogongju and
Wangongju; verbenyl acetate was the main
chemical constituent and comprised 32.10 and
37.85 % of the total essential oil, respectively.
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(1R)-camphor and bisabolol oxide A were the
predominant constituents in Huangyaoju, com-
prising 28.70 and 12.58 % of the total essential
oil, respectively. f-selinene and borneol were the
major constituents in Chuju, comprising 17.85
and 12.84 % of the total essential oil, respec-
tively. Eucalyptol (21.33 %) was the major con-
stituent in Xiaoboju. Verbene oxides and
chrysanthenone comprised 25.32 and 8.26 % of
the total essential oil, respectively, in the Daboju.
The common constituents in the six cultivars of
Juhua produced in Anhui province of China were
camphene, borneol, bornyl acetate, (1R)-
camphor, (—)-4-terpineol, a-terpineol, eucalyp-
tol, cis-caryophyllene, caryophyllene oxide,
juniper campbhor, B-sesquiphellandrene,
a-curcumene and f-farnesene. Chlorogenic
acids, three p-coumaroylquinic acids, three feru-
loylquinic acids, four caffeoylquinic acids, six
dicaffeoylquinic acids and two tricaffeoylquinic
acids were detected, in herbal chrysanthemum
samples (Clifford et al. 2007). Minor components
such as five caffeoyl-hexose esters and caffeic
acid-4-B-p-glucose, eight caffeoylquinic acid
glycosides and 16 dicaffeoylquinic acid glyco-
sides were also present. Succinic acid-containing
chlorogenic acids and chlorogenic acids based
on epi-quinic acid, previously reported in
Chrysanthemum spp., were not detected in the
samples.

Three unsaturated fatty acid isobutylamides,
N-isobutyl-2E,4E,10E,12Z-tetradecatetraen-8-
ynamide(1),N-isobutyl-2E,4FE,12Z-tetradecatrien-
8,10-diynamide (2) and N-isobutyl-2E.4FE,12E-
tetradecatrien-8,10-diynamide (3), were isolated
from the leaves and flowers of C. morifolium
(Tsao et al. 2003). The concentration of com-
pound 1 in chrysanthemum varieties was posi-
tively correlated with host-plant resistance
against the western flower thrips, Frankliniella
occidentalis.Chlorogenicacid(5-O-caffeoylquinic
acid);  2,3,5-O-dicaffeoylquinic  acid; and
“3,3",4',5-trihydroxyflavanone-7-O-glucuronide
(eriodictyol-7-O-glucuronide) were isolated
from the leaves (Beninger et al. 2004).

Aribaud and Martin-Tanguy (1994a) found
that ornithine decarboxylase (ODC) regulated the
polyamine putrescine biosynthesis during floral
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initiation and floral development. Spermidine
conjugates were predominant during floral initia-
tion, whereas free amines did not accumulate to
any significant extent. Different associations of
amides were observed during floral initiation
as compared with the reproductive phase.
3,4-Dimethoxyphenethylamine conjugates
(water-insoluble compounds) were the predomi-
nant amine conjugates observed during flower
development. Their results suggested that ODC
and polyamine conjugates were involved in regu-
lating floral initiation in Chrysanthemum morifo-
lium. They also found that in fertile plants (C.
morifolium v. Epidote), spermidine conjugates
were predominant during floral initiation whereas
in male-sterile plants (C. morifolium v. Jericho),
only putrescine conjugates were detected
(Aribaud and Martin-Tanguy 1994b). In both
cases, ornithine decarboxylase (ODC) is involved
in regulating floral initiation in normal and male-
sterile plants. Huh et al. (2005) found that axillary
floral bud formation and polyamine contents of
nonbranching chrysanthemum were influenced
by temperature. They found out that not only low
temperature but also the excessively high temper-
ature of 38 °C induced axillary bud formation.
Viable axillary buds decreased remarkably at 30
and 34 °C. Exposure to 38 °C increased the
putrescine contents and resulted in high putres-
cine/(spermidine+spermine) ratio as 22 and
26 °C. Temperature of 30 and 34 °C lowered
putrescine/(spermidine + spermine) ratio. Results
further showed that not polyamine contents
but polyamine ratio  (putrescine/spermi-
dine +spermine) or transformation of putrescine
to spermidine and spermine may be involved in
the axillary bud formation in nonbranching C.
morifolium.

C. morifolium especially the flowers have
been reported to contain many phenolic com-
pounds such as flavonoids and hydroxycinnamo-
ylquinic acids, many of which possess a diverse
array of biological characteristics such as radical
scavenging and antioxidant, antiinflammatory,
antivirus, anti-HIV, antimutagenic, anticarcino-
genic, anti-hepatotoxic and antiaging activities
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that are considered beneficial to human health
(Lin and Harnley 2010).

Antioxidant Activity

Chrysanthemum flower extract was found to be
rich in flavones which afforded good antioxida-
tive activity in scavenging hydroxyl and oxygen
radicals (Zhang et al. 2000). The aqueous chry-
santhemum flower extract inhibited the produc-
tion of free radicals and lipid peroxidation
induced by free radicals in the heart and cerebral
homogenate of rats (Wang et al. 2001).

Two dicaffeoylquinic acids, 3,5-dicaffeoyl-
epi-quinic acid (1) and 1,3-dicaffeoyl-epi-quinic
acid, isolated from C. morifolium showed potent
superoxide anion radical scavenging activity
(ICs=2.9 for 1 and 2.6 pg/ml for 2, respectively)
in the xanthine/xanthine oxidase system as com-
pared to quercetin and also showed potent DPPH
radical scavenging activity (IC5y=5.6 for 1 and
5.8 pg/ml for 2, respectively) (Kim and Lee
2005). The 60 % methanol flower extracts of C.
morifolium exhibited high scavenging activities
against 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical as well as significant reducing power
(Yang et al. 2011). This was attributed to the high
total phenolic content (0.37 mg GAE/g). The
methanol extract was found to contain 1.34 pg/ml
of luteolin. In another study, the methanol extract
of C. morifolium generally showed higher total
antioxidant activity than that of the ethyl acetate
extract, and the petroleum ether extract hardly
had any antioxidant activity (Liu et al. 2009). The
cultivar Mailang exhibited the highest total anti-
oxidant activity, but it showed slightly lower
DPPH radical scavenging activity with ICs, value
of 20.01 mg/1 than that of BHT with ICs, value of
18.92 mg/l. Its ABTS radical scavenging activity
ICs, value of 25.93 mg/l was about one third
lower than BHT ICs, value of 7.72 mg/1.

Studies showed that total flavonoids from
Chrysanthemum  morifolium (TFCM) might
improve antioxidant defense system, reverse lipid
peroxidation and protect brain, liver and kidney
against lead-induced oxidative damage in mice
significantly (Xia et al. 2008). The combined
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treatment of TFCM and DMSA (dimercaptosuc-
cinic acid) could significantly lower the lead lev-
els in blood, brain, liver and kidney and reverse
lipid peroxidation and increase antioxidant
enzyme levels in lead-poisoned mice dose-
dependently, and it had more beneficial effects
than treatment with DMSA alone. Radical scav-
enging activity was found to correlate with the
flavonoid components in edible chrysanthemum
petals (Sugawara and Igarashi 2009). Radical
scavenging activity of polyphenol fractions
prepared from each cultivar of C. x morifolium
was the strongest in cv. Mottenohoka with yellow
petals, followed by Kotobuki, Iwakaze and
Mottenohoka with pale purple petals. Luteolin
7-0-(6" O-malonyl)-glucoside, a major flavonoid
with the strongest radical scavenging activity,
was the most predominant in the yellow petals of
the edible chrysanthemum flower Mottenohoka.

Antitubercular Activity

Fifteen 3-hydroxy triterpenoid compounds iso-
lated from the nonsaponifiable lipid fraction of C.
morifolium flower extract showed a minimum
inhibitory concentration (MIC) in the range of
4-64 pg/ml, among which maniladiol (MIC 4 pg/
ml), 3-epilupeol (4 pg/ml) and 4,5a-epoxyhelianol
(6 pg/ml) exhibited the highest activity against
Mycobacterium tuberculosis (Akihisa et al.
2005). Cytotoxicity of 3-epilupeol compound
against Vero cells gave an ICs, value of over
62.5 pg/ml, suggesting some degree of selectivity
for M. tuberculosis.

Antimutagenic Activity

A methanol extract from Chrysanthemum
morifolium flower heads exhibited a suppressive
effect on umu gene expression of the SOS
response in Salmonella typhimurium TA1535/
pSK1002 against the mutagen 2-(2-furyl)-
3-(5-nitro-2-furyl)acrylamide  (furylfuramide)
(Miyazawa and Hisama 2003). The ethyl acetate
fraction of the flower methanol extract also
showed a suppressive effect. The flavonoids



Chrysanthemum morifolium

acacetin, apigenin, luteolin and quercetin isolated
from the ethyl acetate fraction suppressed the
furylfuramide-induced SOS response in the umu
test. The IDs, (50 % inhibitory dose) values of
were 0.62, 0.55, 0.44 and 0.59 pmol/ml, respec-
tively. These compounds had the suppressive
effects on umu gene expression of the SOS
response against other mutagens, 4-nitroquinolin
l-oxide (4NQO) and N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG), which did not require
liver-metabolizing enzymes. These compounds
also showed the suppression of SOS-inducing
activity against the other mutagens aflatoxin
B1 (AfB1) and 3-amino-1,4-dimethyl-5H-pyrido
[4,3-blindole (Trp-P-1), which required liver-
metabolizing enzymes, and UV irradiation.

Anticancer Activity

Two hundred precancerous patients were treated
by the herbal drug Hua-sheng-ping (containing
Chrysanthemum morifolium, Glycyrrhiza uralen-
sis, Panax notoginseng) (Yu 1993). The total
effective rate was 95.5 % for the drug treatment
compared with the control group rate of 57 %.
Hydroxy taraxastane-type triterpenes, taraxas-
terol, heliantriol C and faradiol, isolated from the
flowers showed strong inhibitory activity against
12-O-tetradecanoyl-phorbol-13-aetate ~ (TPA)-
induced inflammation in mice (Yasukawa et al.
1996, 1998). At 0.2 pmol/mouse, these compounds
markedly suppressed the tumour promoting
effect of TPA (1 pg/mouse) on skin tumour
formation following initiation with 7,12-
dimethylbenz[a]anthracene (DMBA).

All 15 pentacyclic triterpene diols and triols
isolated from the flowers showed inhibitory
effects against Epstein—Barr virus early antigen
(EBV-EA) activation induced by the tumour pro-
moter, 12-O-tetradecanoylphorbol-13-acetate, in
Raji cells with potencies either comparable with
or stronger than that of glycyrrhetic acid, a known
natural anti-tumour promoter (Ukiya et al. 2002).
Evaluation of the cytotoxic activity of six com-
pounds, faradiol, heliantriol B0, heliantriol C,
arnidiol, faradiol a-epoxide and maniladiol,
against 60 human cancer cell lines revealed that
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arnidiol possessed a wide range of cytotoxicity,
with Glj, values (concentration that yields 50 %
growth) of mostly less than 6 mM. Arnidiol
showed cytotoxic activity with Gly, values less
than 10 mM against all of the human cancer cells
tested, namely, leukaemia cell lines, CCFRF-
CEM, HL-60 (TB), Molt-4; non-small cell lung
cancer cell lines, A5S49/ATTC, EKVX, HOP-62,
NCI-H226, NCI-H23, NCI-H322M, NCI-H522;
colon cancer cell lines, COLO 205, HCT-116,
HCT-15, HT29, KM12, SW-620; CNS (central
nervous system) cancer cell lines, SF-268,
SE-295, SF-539, SNB-19, U251; melanoma cell
lines, LOX IMVI, MALME-3M, MIl4,
SK-MEL-2, SK-MEL-28, SK-MEL-5, UACC-
257, UACC-62; ovarian cancer cell lines,
IGROVI, OVCAR-3, OVCAR-4, OVCAR-5,
OVAR-8, SK-OV-3; renal cancer cell lines, 786-
0, A498, ACHN, CAKI-1, RXF 393, SNI12C,
TK-10; prostate cancer cell lines, PC-3, Du-145;
and breast cancer cell lines, MCF7, NCI/ADR-
RES, MDA-MB-231/ATTC, HS  578T,
MDA-MB-435, MDA-N, BT-549, T-47D, with
two exceptions for leukaemia cells (RPMI-8226
and SR: GIs,, 100 mM) which were relatively
insensitive to Arnidiol. Arnidiol showed signifi-
cant cytotoxicity, especially against a leukaemia
HL-60 cell with a G5, 0.47 mM. The cytotoxic
activities of the other five compounds were
not remarkable. Heliantriol C (3) (Gls, value,
10.5-23.3 mM) and faradiol a-epoxide (Gls,
13.7-44.0 mM) exhibited some moderate cyto-
toxicity for all of the cancer cells evaluated.
Whereas faradiol showed marked cytotoxicity for
leukaemia (CCRFCEM: GlIs,, 3.2 mM; K-582:
GI50, 4.2 mM; SR: Glj), 3.5 mM) and non-small
cell lung cancer (EKVX: GI50, 2.2 mM), it
showed moderate activity for the other cells
(GI50, 10.5-86.9 mM). Heliantriol BO for renal
cancer (RXF 393: GI50, 7.1 mM) and breast can-
cer (MCF7: GI50, 8.4 mM) and maniladiol for
renal cancer (RFX 393: GI50, 7.3 mM) and
breast cancer (T-47D: GI50, 9.8 mM) showed
some marked activity, but the other cells were
relatively insensitive for these compounds (GI50,
11.7-97.4 mM).

Luteolin and diosmetin isolated from the flow-
ers exhibited significant cytotoxicities against
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human colon cancer cell colon 205, with their
IG5, values being 96.9 and 82.9 pM, respectively
(Xie et al. 2009).

Antiviral Activity

An active anti-HIV principle, acacetin-7-O-f-D-
galactopyranoside, was isolated from C. morifo-
lium (Hu et al. 1994). They found that flavonoids
with hydroxy groups at C-5 and C-7 and with a
C-2-C-3 double bond were more potent inhibi-
tors of HIV growth and that the presence of
substituents (hydroxyl and halogen) in the B-ring
increased toxicity and/or decreased activity.
A known flavone, chrysin, was found to be the
most promising compound in this series.
Acacetin-7-0-f-p-galactopyranoside from
Chrysanthemum morifolium and chrysin, as
well as apigenin-7-O-p-p-glucopyranoside from
Kummerowia striata, were found to exhibit anti-
HIV activity (Wang et al. 1998). Among com-
pounds isolated from Chrysanthemum morifolium
flowers, apigenin 7-O-p-p-(4"-caffeoyl)glucuro-
nide showed strong HIV-1 integrase inhibitory
activity (ICs5,=7.2 pg/ml) and anti-HIV activity
in a cell culture assay (EC5,=41.86 pg/ml) using
HIV-I (ITIIB) infected MT-4 cells (Lee et al. 2003).

Antimicrobial Activity

Chrysanthemum morifolium flowers afforded
mixtures of the C-3 palmitate and myristate esters
(3:2) of mailadiol (1), the C-3 palmitate and
myristate esters (3:2) of heliantriol C (2) and
fatty acid esters (1:1) of faradiol (3) and arnidol
(Ragasa et al. 2005). Compound 1 exhibited
moderate activity against Aspergillus niger and
Pseudomonas aeruginosa and low activity
against Trichophyton mentagrophytes, Candida
albicans and Bacillus subtilis, and was inactive
against Staphylococcus aureus and Escherichia
coli. Compound 2 had moderate activity against
A. niger and low activity against P. aeruginosa
and S. aureus and was inactive against B. subtillis
and E. coli.

Asteraceae

Antiinflammatory Activity

The tubular flowers of Calendula officinalis,
Carthamus  tinctorius, Cosmos bipinnatus,
Chrysanthemum morifolium, Helianthus annuus
and Matricaria matricarioides showed a charac-
teristic feature by containing helianol as the most
predominant component (29-86 %) in the triter-
pene alcohol fractions (Akihisa et al. 1996).
The triterpene alcohols from these flowers
showed marked inhibitory activity against
12-O-tetradecanoylphorbol-13-acetate-induced
inflammation in mice. Fourteen triterpene diols
and triols and 9 fatty acid esters, isolated from the
flowers, showed marked antiinflammatory activ-
ity against 12-O-tetradecanoylphorbol-13-acetate
(TPA)-induced inflammation in mice with a 50 %
inhibitory dose (IDs,) of 0.03—1.0 mg/ear, which
was more inhibitive than quercetin (IDsy=1.6 mg/
ear), a known inhibitor of TPA-induced inflam-
mation in mice (Ukiya et al. 2001).

Hypouricemic Activity

Among 288 extracts, prepared from 96 medicinal
plants used in Vietnamese traditional medicine to
treat gout and related symptoms, the most active
extract was the methanol flower extract of C.
sinense with an ICsy value of 5.1 pg/ml (Nguyen
et al. 2004). The active constituents isolated caf-
feic acid, luteolin, eriodictyol and 1,5-di-
O-caffeoylquinic acid all showed significant
xanthine oxidase inhibitory activity in a
concentration-dependent manner, and the activity
of luteolin was more potent (ICsy1.3 pM) than the
clinically used drug, allopurinol (ICs, 2.5 pM).
Two compounds found in the flowers, acacetin
and 4,5-O-dicaffeoylquinic acid methyl ester,
exhibited hypouricemic activity in rats pretreated
with the uricase inhibitor potassium oxonate as an
animal model for hyperuricemia (Nguyen et al.
2005). When administered per orally at doses of
20 and 50 mg/kg, acacetin reduced the serum uric
acid level by 49.9 and 63.9 %, respectively, and
the latter reduced the level by 31.2 and 44.4 %,
respectively. When administered intraperitoneally
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at the same doses, both of compounds exerted a
dose dependent and more marked reduction of the
serum uric acid level (% reduction at 20 and
50 mg/kg were 63.0 and 95.1 % in acatin, respec-
tively, and 66.9 and 86.5 % in the dicaffeoylquinic
acid methyl ester, respectively). Both compounds
inhibited the rat liver xanthine oxidase activity
with ICs, values of 2.22 and 5.27 pM, respec-
tively, demonstrating that the hypouricemic action
of both compounds may be attributable to their
xanthine oxidase inhibitory activity. From the
methanol flower extract, a flavone glucoside,
acacetin 7-0-(3-
O-acetyl-p-p-glucopyranoside), was isolated
together with 27 known compounds including fla-
vonoids, caffeoylquinic acid derivatives, pheno-
lics and a monoterpenoid glucoside (Nguyen et al.
2006). Compounds 1-15, 20-24 and 27 displayed
significant xanthine oxidase inhibitory activity in
a concentration-dependent manner, and com-
pounds 2—11 and 22 showed more potent inhibi-
tory activity, with ICs, values ranging from 0.13 to
2.31 pM, than that of a positive control allopuri-
nol (IC5,=2.50 pM). The kinetic study indicated
that 1-15 and 20-24 displayed competitive-type
inhibition like that of allopurinol, while 27 dis-
played a mixed-type inhibition. The compounds
displayed significant xanthine oxidase inhibitory
activity in a concentration-dependent manner and
showed potent inhibitory activity.

Aldose Reductase Inhibition Activity

The hot water extract of Chrysanthemum morifo-
lium was found to have potent inhibitory activity
towards lens aldose reductase (Terashima et al.
1991). Ellagic acid was isolated and found to be
a potent inhibitor.

Cardioprotective Activity

Chrysanthemum  indicum  flower  (FCI),
Chrysanthemum morifolium flower (FCM) and
Salvia miltiorrhiza root (RSM) extracts were
found to be efficient in ameliorating the extent
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and severity of the lesion in experimental
myocardial infarction in the dog (Chen et al.
1983). FCI gave the best results. Experimental
coronary insufficiency was also improved both in
extent and severity by treating with FCI in mod-
erate dose and with FCM, SMB and FCI in large
dose. Studies showed that Chrysanthemum mori-
folium extract exhibited cardioprotective effect
during  ischemia/anoxia and reperfusion/
reoxygenation in the isolated rat heart and the
ventricular myocytes (Jiang et al. 2004). The
extract (0.25-1.0 g/l) increased left ventricular
developed pressure (LVDP), +/— dp/d#(max),
LVDPxHR and coronary flow (CF) and
decreased heart rate (HR) in a dose-dependent
manner. At 0.5 g/l, it attenuated the reduction of
LVDP, +/- dp/df(max) and CF caused by isch-
emia/reperfusion. The extract attenuated the
reduction of contraction of isolated rat heart
and cardiomyocytes induced by ischemia/
reperfusion.

In another study, the ethyl acetate chyranthe-
mum extract significantly decreased the number
and duration of ventricular tachycardia (VT) and
delayed the occurrence of ventricular premature
beats (VPB) and VT induced by aconitine com-
pared with control rat group with experimental
arrhythmia induced by aconitine (Zhang et al.
2009). Arrhythmia score of the extract group
was lower than that in aconitine-treated group.
The extract markedly prolonged the effective
refractory period (ERP) and increased the VFT
in the isolated perfused rat hearts during isch-
emia and reperfusion. Results suggested that the
extract could reduce myocardial vulnerability
and exert its antiarrhythmic effects induced by
aconitine or ischemia/reperfusion, which may be
related to its prolongation of action potential
duration and effective refractory period that
enhance the electrophysiological stability of
myocardium.

Hot water chrysanthemum flower extract, eth-
anol flower extract and its flavonoid, apigenin
and luteolin dose-dependently inhibited [CAM-1
(intercellular adhesion molecule 1) and E-selectin
expression and adhesion of HL-60 (human pro-
myelocytic leukaemia cells) by oxidised LDL
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(oxLLDL) (Lii et al. 2010). All of them reversed
the inhibition of phosphorylation of Akt and
cAMP responsive element binding protein
(CREB) by oxLDL; however, this reversion was
abolished by wortmannin. Their ROS scavenging
capability proceeded dose-dependently in the
presence of oxLLDL. The results indicated that C.
morifolium to be a plant with cardiovascular-
protective potential and its inhibitory effects of
on ICAM-1 and E-selectin expression were, at
least partially, attributed to its antioxidant activ-
ity and modulation of the PI3K/Akt signalling
pathway.

Antihypertensive Activity

Research in China reported that using about 60 g
daily of Chrysanthemum morifolium flowers for
lowering vascular pressure gave the following
success rates 17.1 % very effective, 51.4 % effec-
tive and 31.5 % not effective (Zhou 1987).

Neuroprotective Activity

Chrysanthemum extract effectively inhibited the
cytotoxicity induced by 1-methyl-4-
phenylpridinium ions (MPP(+)), Parkinsonian
toxin and improved cell viability of SH-SY5Y
neuroblastoma cells (Kim et al. 2009). The
extract also attenuated the elevation of reactive
oxygen species (ROS) level, increase in Bax/
Bcl-2 ratio, cleavage of caspase-3 and PARP
proteolysis. The results demonstrated that C.
morifolium possessed potent neuroprotective
activity and, therefore, might be a potential candi-
date in neurodegenerative diseases such as
Parkinson’s disease.

Studies showed that pretreatment of the rat
brain with TFCM (total flavones extracted from
Chrysanthemum  morifolium)  significantly
decreased the neurological deficit scores, per-
centage of infarction and brain oedema and atten-
uated the decrease in SOD activity, the elevation
of MDA content, and the generation of ROS
caused by ischemia/reperfusion (I/R) injury (Lin

Asteraceae

et al. 2010). In isolated brain mitochondria,
Ca(2+)-induced swelling was attenuated by pre-
treatment with TFCM. The results showed that
pretreatment with TFCM provided significant
protection against cerebral I/R injury in rats par-
tially by its antioxidant action and consequent
inhibition of mitochondrial swelling.

Sleep Enhancement Activity

The ethanol extract of C. morifolium flowers was
found to prolong sleep time induced by pentobar-
bital similar to muscimol, a GABA(A) receptor
agonist (Kim et al. 2011). The extract also
increased sleep rate and sleep time when adminis-
trated with pentobarbital at a subhypnotic dosage.
Both extract and pentobarbital increased chloride
CI" influx in primary cultured cerebellar granule
cells. The results suggested that chrysanthemum
extract augmentation of pentobarbital-induced
sleep behaviours may result from Cl~ channel
activation. The results supported the traditional
use of chrysanthemum flowers in Korea for the
treatment of insomnia.

Antidiabetic and Antiaging Activities

All C. morifolium flower extracts (aqueous, etha-
nol, methanol acetone) appeared to have potent
inhibitory activity towards a-glucosidase in-vitro
(Yang et al. 2011). Among these, the methanol
extract (ICs, value of 22.0 pg/ml) showed signifi-
cantly higher inhibitory activity compared to the
other extracts. Chrysanthemum was found to
contain N!,N° N!® N!-tetracoumaroyl spermine,
which was reported to increase the production of
intracellular glutathione (Nakanishi et al. 2008
cited by Yagi et al. 2012) and inhibit the forma-
tion of AGEs (Tsuji-Naito et al. 2009; Kitano
et al. 2011; Yagi et al. 2012). Among the various
types of edible purple chrysanthemum varieties,
the variety ‘Enmeiraku’ was found to contain
high amounts of polyphenol, luteolin and chloro-
genic acid (Kit