CHAPTER II
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Table I Chemical investigation of Magnolis \ t’
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Botanical Origin

Elmerrillia papuana
(Shltr.) Dandy

Liriodendron

tulipiféra

Plant part % Substance Reference
- wz\\
bark / & \\\ 11
| [ /7 doru: 11
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L
11
root bark 15
16
17
ﬁ&'e 17
J 15,16
cortex Es.éule.tin dmthyl
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Table I Chemical 1nvest13ation of Magnolia . , tinued)
N /

Botanical Origin

Liriodendron

tulipifera

Plant part % ilwSubstance Reference
- %R\x \
heartwood ’( ‘H\Kk ornuci-
R\\K 2 21
21,23
21
18,23
21
18,21,22,
24
toline 21
~ Norushistv ii@ 21
P Syringaldehy e 21
; . 1 2
fdimethyh:gther 21
a*mawﬂ ol A REa &Y 20
inner bark Liriodendrin 26
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Table T Chemical investigation of Magnoliact Lp/ﬂ:inued)
SO
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Botanical Origin

Liriodendron

tulipifera

Plant part j% bstance Reference
V \\ \ |
bark . BazNHC} (O h 25
% 2 }\\\ Y .
-: *\ orlirinine . 25
4 f# Pinores 25
ﬁ-‘m‘ Syringarcsinol 25
Sy¥ c acid Me ester 25
leaf 27
22
] 22
, dm 28
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FJIUEI’JTIH dg}‘{ﬂ"‘l‘ﬂ‘i :
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Lipiferolide 28
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Table I Chemical investigation of Magnoli g—"

“ -.-"‘k . ‘.‘I'.\ '1

Botanical Origin

Plant part /) emical Substance

Reference

" Liriodendron

tulipifera

leaf

AUENEMINY D
QRIAINJULRTIN QY

seed Octadecadienoic acid

Sitosterol

27
31
32
32
33
18,22
22
22
22
22
29
27
27
22
34
34
35
35
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Table I Chemical investigation of Magnol X

.

tinued)

Botanical Origin

itbstance

Plant part
..A

Reference

Liriodendron

tulipifera

Magnolia acuminata

Magnolia ashei

not speci

leaf

-
-
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12
13
14
12
22
22
22
22
22
22
22
22
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36
30

ARININ 0l AT NN

€l




Table 1 Chemical investigation of Maanol !L&tinued)
. 'Qu. | / ;

Botanical Origin

‘-.--!&b

Reference

Magnolia biloba

: Magnolia coco

Magnolia cordata
Magnolia denudata

Desr.

Plant part A’%\\W st.ance

root bar L B

ﬁu
W i

= <
. &

stem

e —
Not spec "{1 —_— -

fruit Cyanidin

U NN,
atasngaiiitituunay

(#)-Terpinen-a-ol

(-)-a -Terpineal

37
37
37
37
38,39
43
43
38,39
40
43
36
46
46
48
45,47
48
48

71




Table i Chemical investigation of Magnol: ‘{b’ ntinued)
N

Botanical Origin

PECPIO

Magnolia denudata

Desr.

Plant par bstance Reference
=) "\i“\\\
" branche .- ( 48
-.a-ol 48
' EIN Y 1ﬁeol 48
leaf 28
22
49
ophyllene 48
30
49
49
Denudatone : 49
49
ﬂuﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂi :
nocufarine 22,45
ammmm NisRiNa Y
(+)-Nerolidol 48
N-norarmepavine 22

St




Table I Chemical investigation of Magn011 h‘/ﬂp t1nued)
\‘n /\

Botanical Origin

Magnolia denudata

Desr.

Magnolia fraseri

Magnolia fuscata

Magnolia

grandiflora I.

Plant part. J% ‘h\ bstance Reference
leaf \{NQH\H“ 22
22
49
flower 48
flower bud 48
fruit 36
stigma 50
Anther 50
leaf | 55,5354,
56,57,60,
61
51,52,5)
EA‘LIH’J YTINRING v
fSalicifodine 62
AW NN INBAINYAY z
Reynosin 71
Santamarine 71
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Table I Chemical investigation of Masnoll '/}/t:.nued)

Botanical Origin

Magnolia

grandifilora L.

Plant part J% stance Reference

wood / e \\ 64

- (/)2 \ \ P

64

hakrarine) 65

64

bark 63
45,63,66

67

7 67,68

ﬁénb-o-meth;aletra

AU INEAE e y

QU i ine 5,63

leaf fAnonaines, 64

AR AINTUHRFI NN Y "

9 Costunolide 71

Costunolide diepoxide 74,72
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Table I Chemical investigation of Magnoli: ,\ ’”/ontxnued)
" x\

Botanical Origin Plant pa /% \h\\\& ubstance Reference
Magnolia leaf }\\-\ ide 70
grandiflora L. ic , 64

" iollde 72
- ; olide A 73
;4\ agnolide B 73
énolide 71,72
filament idin 36
Magnolia bar k™) : o 74

grandiflora {?= :J
variety lanceolata T »

Magnolia wood D-(+)-N-Norarmepavine 76

kachirachirai ﬁﬂﬂfa V H o aten lj' 78

WIS £

| , ¢ FKachir&ehirol A @/ 79
AR ﬂ\‘.‘lﬂim Mebitadudian o ) ¢ .
9 (#)-Licarin A 78
Licarin B 78
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Table I Chemical investigation of Magnoliac 1‘ #/ntxnued)
'. "‘:‘-.-"\.‘k

Ty

Reference

Botanical Origin Plant par % substance
e \h\\f.\\

. 77 33
Magnolia duramen ,\\\ 80

kachirachirai p rin
- #ONN

e 80
avine 80

‘ #ﬁ'_ ﬁ\ ine _ . 80
not specif #’g; K \ 4 75
J,_“_“ sflorine 43

S e ‘. Lo 8 6

Magnolia kobus D.C. inner bs

{;E——'_“—;r‘ 4o ee,80

59
m 'a»licifoli:g chloride 59,88,89

86,87

AUV EENINN S 22

¢ Asimilobine 22

ammmmwmmaa 2

Magnocurarine 22
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Table I Chemical investigation of Magnu _i1* Y

(continued)

Botanical Origin

Reference

Magnolia kobus D.C.

Citral

AU INeYEREINS

RN T BARGERYN S

22
22
22
22
90,9%,92
36
36
81,82
83
83
81,82
83
83
83
45
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CELUENAUENNLUL DLBUMITRRK

QgLRM(lHNFQUb@LMG

< 7

Botanical Origin

Reference

Magnolia kobus D.C.

variety borealis
Koidz.

Magnolia liliflora

bark .

not specif

Lil flol A

ﬂumwﬂmmmm

QEASIN TP S A

59
59
85
85
85
95
95
95
95
96
96
96
96
95

97
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Table I Chemical investigation of Magnol ntinued)
, R ,ﬂ/"

Botanical Origin Plant pa A% B ’ Substance Reference
Magnolia liliflora not spe Y, A 7 \ 3 93
. 94
ifloenone 94
45
45
94
94
in 94
Magnolia £l H"?_ : 98
macrophylla Michx. leaf 30
dry bark Ma nolioside 99
Magnolia obovata : ﬂquﬁlfg tv' EI ﬂ‘j 101
Thunb, nm’l 101
5 101
AN TR sidnenay
Magnocurarine 101
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Botanical Origin

Plant part Chen ;- “Substance

Reference

Magnolia obovata

Thunb.

root

bark

Armepavxne

AutAneninenns

riodemine

L ENr MilEaNeNaY

Magnoflorine

N-Norarmepavine

101
101
102
. 102
102,103,
105
106
55
103,105
101
22
22,100
101
22,101
22,101
22
22
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Botanical Origin

Magnolia obovata

Thunb.

Magnolia
officinalis

Rehd. et Wils.

leaf

not specy
AUAY
ﬂﬁqﬂﬂﬂi

8,9-Dihydroxydihydro-

magnolol

&
ntinued)
Plant pa /% ‘}\\‘1\(\ ubstance : Reference
101
3 107
107
101
22
108
diglucoside 36
Y] 98
i1 7 87
Magnocurarxne : 45,100
mﬁf 87
Wl rdMNdp)
9-Dihydroxydihydso-
mﬂﬂﬂ%ﬂﬂﬂﬁﬂ 1o

110
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Table I Chemical investigation of Magn011 ”y/ntlnued)

Botanical Origin

Plant par /% ‘&\\\ bstance

Magnolia
officinalis

Rehd. et Wils.

Magnolia parviflora

Magnolia pterocarpa

Reference

bark 7 : ‘\\\\

oxydihydrohono

R

-)-Eudes
AU INLUENEINS

¢ di-Me terephthalatges

QRIANNIFUARFFRETIRE

-Sitosterol

110
111
93,103,
111-117
93,103,
111-118
58
58
119
119
119
119
119
119
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Table I Chemical investigation of Magnoli ,\\1- ‘?thinued)
N

Botanical Origin

Reference

Magnolia rostrata
WW Smith

Magnolia

salicifolia Maxiw.

bark

Plant par % bstance

shoot

twig

branchet

Sa11c1f011ne

r;}ummmmmﬁ““

¢ Asimilobdne

quﬂﬂﬂﬂmﬂﬁq’lﬂﬂqﬂﬂ

Liriodenine

Magnocurarine

113
113
120
121
121
120
120
120
22,45,
122
45,123
122
22
22
121
22

22
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Table I Chemical 1nvest1gat10n of Magnoll 'Wontxnued)

Botanical Origin

Plant part

Magnolia

salicifolia Maxim.

leaf

bud

QRIAINT;

ubstancc

Reference

coclau-

rine

ﬁﬂﬁﬁ@ﬁﬂi

cis~ 0-q5$hy1eugen

] RO e

Fenchone

Magnosalicin

22
120
22
%2
22
121
104
104
104

104
104
104
104
104
104
126

LT




Table I Chemical investigation of Magno "h\” "‘f

ntinued)

Z.

Botanical Origin

Plant pa % wn Substance
/ i

Reference

Magnolia

salicifolia Maxim.

bud 2 72 \\\ -f‘*

flower b\g ‘Citral-a

ﬂumv J9EENHANT

¢ Methylehavicol

CRRERIEI IR e riated]

Methyleugenol

104,124,
125
124
104
104
104
104
104
104
104
120
120
127
120
127
120

8¢



Table I Chemical investigation of Magnol F,y/ntxnued)

Botanical Origin

Reference

Magnolia

salicifolia Maxim,

Magnolia sieboldi

Magnolia x
soulangiana

"lennei"

Plant par /% ‘b\\\\ bstance
NN

flower b

flower

cugenol

fruit s peoTHIIT—?
filament : ] ahannoglu
fruit cosido-5-glucoside
not 8 ﬁu : n lide
ikl HY b b aaita)

Soulangdanolide Bas

ARIANN IR A Y

127
120
N
120
120
120
120
120
36

36
128
129
129

62




Table I Chemical investigation of Masnoli \

ontinued)

Botanical Origin

Reference

Magnolia

. soulangiana Soul.

Magnolia sprengeri

cv Diva

" Magnolia stellata

Plant par J% X \\\‘ . bstance
IR

flower

fruit

bark ", Maghnosprengesine

leaf Hydroeyanic acid

not specify ,
c—_-—m-
X

VST
trunk,

flower bgﬂ
'"HTJB o)

i,8-Clneoles

YNSRYNT

¢ B-Myrc

ARAININAAIRNYINE

Y -Terpinene
@ -Terpineol

Terpinen-4-o0l

98
36
36
36
13%..
132
132
130
130
134
134
134
134
134
134
134
134
134

0¢




Table I Chemical investigation of Magnoh. ly/\tj.nued)

Botanical Origin

Magnolia stellata

Plant part _‘ icar [ bstance Refercnce
e

bark _ g\ \.\ chlorxde 88
leaf f 134
: 134
_\:\ lene 134
\\ 134
| 30
a -farnesenc 134
s-farnesol 134
’_ olidol 134
not speci " 133
ﬁ Kobusin .d 133
‘.r'“ 133
fAusANeRkEIng
g - g (+)- Pip itol 133
AAIAINTO HRABRLA :
q Sesamin 133
Vomifoliol 133
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Table I Chemical investigation of Magnolia \\ h’)ﬂtinued)

Botanical Origin

Magnolia
thompsoniana lort.

Magnolia tripetala

Magnolia virginiana

Magnolia watsonii

Plant par j%!&\?\;\%\ bstance Referenéc
flower 98
leaf 22
22
30
22
22
22
22
, 22
Roemerxne 22
36
"B i3S %
fruxt : ¢ Peonidip., 36
ARIAINTU RN Y :
not specify Watsonol A 135
Watsonol B 135

Z¢




Table I Chemical investigation of Magnolia-

: ’”ntlnued)
‘\“-:}l.

Botanical Origin

Magnolia . wilsonii
Rehd.

Magnolia yulan

Desr.

Magnolia yulan
variety Soulangiana
Manglictia chinglii

Manglietia insignin

Manglietia

yuyuanensis Law.

Plant part % ’ hstance Reference
Jr m\\*ﬁ. -
bark _ I‘ 3 \ 136
vt ! 136
petal 98
petal 137
bark 138
bark 139 .
139
» 139
Magnolol 139
"] AN Sy
1YY INANTIND g
¢Camphor =, 140
QW']&Nﬂ fu&l?ﬂﬂ?ﬂﬂqﬂil 160
B ~Fudesmol 140
’ Honokiol 140
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Table I Chemical investigation of Magnol a' \1 j‘!r

Botanical Origin

Manglietia

yuyuanensis Law.

Michelia alba DC.

Plant par j% ﬁ:\‘\\&\

bark

flower

uE]
RINNNT

tlnued)

4-

bstance

Reference

anoate

ot rate
Ji“

Et-3-methy1£ityrate

YHSRINT

¢ Linalook,

N HRAINY1A Y

Me anthranilate

Me benzoate

140
140
140
142
142
142
142
141
142
142,164
144
142
141,142

141,143

142
141
142

VA%
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Table I Chemical investigation of Magnoli \‘ y/ntnmed)
N O\

Botanical Origin

Michelia alba DC.

Plant par ubstance Reference
flower \ 142,144
ate 142, 144

142
butyrate 142-144

noate 142

142

142

‘ 141

] 142

: nuwene 142

Qa -pxnene 141

142

f Tkl M‘mmm

¢ Un 142

ob AP RE BV wieR Il F]

9 Oxoushinsuine 42

Salicifoline 42

42

Ushinsunine
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Table I Chemical investigation of Magnoli W/ntnued)

Botanical Origin

Michelia cathcartii

Michelia champaca

Michelia compressa

Plant part bstance Reference
/% \\\\
trunk ba _ | Rfﬁth ¥ 145
145
145
bark 77
17
77
trunk bark 146-148
ipe)
root !@ Pa 1-& 148
root bar Compressanolide 141
ﬂummmfmmﬂﬁ
Dihydroparthenolide 149
AR éNﬂ‘iFlJ MiNradegcthasda B ¢
Lanuginolide 149
Liriodenine 149~
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Table I Chemical investigation

of Magnoliac W ntinued)

Botanical Origin

Plant

Reference

Michelia compressa

QRaeN Tp TR

root

heart wood

insunine
—
bark i/ el dodide

Oxoushlnsunine

fl 187 szlmﬂﬂ‘mi“

orr¥izine

149
149
149
149
149
150

44

44,151

152
150

L4
252
152
152

46,151
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Table I Chemical investigation of Magnoliace:1’

(continued)

)

o

Botanical Origin

Michelia

variety

Michelia

Michelia

Michelia

Spreng

compressa

Formosana

doltsopa

excelsa

figo

Plant part ' ubstance Reference
JF’
heart wWood ’?f 41,153
iine)
| 41
153
r 41
fruit ydrolanuginolide 154
parthenolide 154
,,_??E__?__’__?’___e_ﬂgm__' 154
trunk bagk ~ Lk  &‘ 145
. ﬁ 145
root bark Liriodenine 145
‘o o/
\UEINEYTINE NI e
leﬂ : agnolamine 155
N T % ol 156
ARIAIN T SAIHE D AL
i heptadecatrien-2-one 156

8¢




Table I Chemical investigation of Magnoli ,\‘n \\ W-txnued)

Botanical Origin

Michelia fuscata

Michelia

hedyosperma Law.

Plant part J% %\"J: | bstance Reference
bark _ / a\\\\’\ 158
; " Ma 158
leaf 158
158

158,159
seed 160
160
‘ 160
not spe %:E} 157
Eﬂ' iﬁmnolide ) 2
Lipiferolide 187
c{ 157
ﬂummﬂm KNS
not spec1fy g (+)- Lim ene 161
ARIAINTU RN A Y
9 Methyleugenol 161
Safrole 161

6¢€




Table I Chemical investigation of Masnol’”’/ntinued)
M,

Botanical Origin

Michelia lanuginosa

Plant par % bstance Reference
root ba / : zino 145
- 145
bark f- f 34D rolanugi'
163,164
‘thenolide 164,165
oflide 164,165
145,162,
\ 166
7Y ] 145
1 ugi 145
Parthenolide 163,164
: o/
MU INYTINZNT
1@1‘. nug n \ 145
€ Lirio . o 145
RN U ERTINYaY
not specify ' Liriodenine 162
Michelanugine 162

0%




Table I Chemical investigation of Magnoliaceae. (continued)

) .\\-.I.‘|I "'n.

Botanical Origin Plant part — ééiuhstance

Reference

Talauma abovata bark

Korth.

145
167
167
167

AULININTNEINS
RINNINANINGA Y

Ly
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Terpenes are defined as natural products whose
structures may be devided into isoprene units (169). Nor-

mally, isoprene units a

acetate via mevalonic acid

and are branched cha arhohin its containing 2 unsatu-

rated bonds (168). pre iMages in the biosynthe-

sis of isoprenoid v ~.'- 1n Figure 2.1.
Terpenesgare £« \%\ g, head to tail, of

isoprene units mg 3sified by number of

isoprene units as

A\

Ll
ol
@

—

-

Y]

5. SeSterterpenes C2sHso m

T INATING NS

4] Tetraterpenes C4o0He4
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CHy—COSCoA —
Acewvl-CoA

CH; COCH,COSCo.

Acewozceni-Con

Isopeatenyl p

. OP:O.?
e

|

1

Ch

.,hﬂumww’swz(mﬁ

eyrophesphate

CHy—ComCH—-CH;@PO,- - -

Ly ST YT

Farnesyl pyrophosphate

Figure 2.1 Preliminary steges in the biosynthesis of

isoprencid compounds (E70):
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Bakkenolide (6)
(Fukinanclidc)

Germacranolide (2)

fanolide (10) Seco-Pseudo-
olide) guaianolide (123)

<

1z
i
(e)
Seco-

AUBFTENS

Pseudo- Seco-Pseudo-

Cadinanolide (14) Chrymoranolide (13)

Figure 2.2 Types and biogenetic relationships of germacra-

nolide-derived sesquiterpene lactones (173).
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1. Definition of Sesquiterpene Lactones.

Sesguiterpene lactones are colorless, bitter,

relatively stable, lyophilic constituents. They formed by

oxidation of the " head group of farnesol the 1lac-

tonic function coms ~an a-methylene Y-lactone

— V ‘g--'
moiety [1]. The"ere iti@quiterpene lactones is
based on this cagh®xylic }\Ciig\\;?' ich suffix "olide"

refers te the

ﬂ‘UEVJVIEWI‘B‘WEﬂﬂ‘i
ARARAT NBIINIABL veine .

this category which can be considered biogenitic derivatives
of the largest class, the germacranolide [2). The structu-

ral classes and names of various carboxylic ring systems

are shown in figure 2.2 and the presumed biogenetic rela-

tionships are indicated by &rrows.
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2. Biogenesis of the Germacraﬂolide Skeleton (173)

Cyclization of trans, trans-farnesyl pyrophos-

phate [15] result in the trans, trans-germacradiene inter-

mediate [16] which by enzyma

tic oxidative modifications pro-

vides the germacrano -4¥RE spubsénted by its simplest mem-
ber, costunolide [4%7]. &acradiene the different

other skeletel lactones shown in

figure 2.3 can

]

110) x
I}

AuEINENINeIng

Tt {17

of sesq

S RLE

(17) costunclide

Figure 2.3 Biogenesis of the Germacranolide ske;eton {173)
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3. Biogenesis of the Lactone Ring (173).

Two possible biogenetic routes have been sug-

gested for the formation of the lactone ring of these ses-

x?;l;! d,ﬂ"d [24] is germacrene A
[18] a naturally ocew 5 gJy ﬂﬁp in which all non-
olefinic carbons

tion except C-8. f’rf

in [18] to give a

quiterprenoids.

One hypotheti

intermediate en route from

cation [16] to the 1ls

ated for hydroxyla-
ygen function at €C-12

proceed via epo -

xide intermediate the hydroperoxide

[20], the latte enzymatically-mediated

reaction mimicking inglet oxygen with ole-

fins. involves migratinn of a

dinibie bana frgg what wusﬂ al o051 o 81l e

12. Furthur o \“ {21) via aldehyde

ions at ﬂ-G or c-8 would after

lactonization tﬁ c l? g?ﬁ inunolide 24},
respectivea‘.u% wg‘ﬂ w ‘ ﬁﬁ s

" Atﬂ d as a; pos -
31bleﬂzﬁ‘j§§n lac onﬂ1osyn:ae51s since EJ—S hydroxy -

lation in a sesquiterpene lactone precursor of type [25]

[22], acid [23)8nd hydrom®

would now be favored due to allylic activation of C-8.
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Furthurmore, C=6 i ' resents a doubly allylic

carbon center f this position over

all other ally" ossibly be the rea-

son for predomi

noids. Sesquite [27]) commonly. cooccur

::T yYgenated sesqulterpe-

with and are deri fr ipa quiterpenes [26] by auto-

xidation, suggesti nes are also biogeneti-

cally derived from adumbrated in figure 2.5

)

(173).

;

> Bloggn sis of Ger cranolldes (1%3).

ﬂUﬂ"JﬂBWﬁWMﬂ‘i

The germacrafiolides ppesent the dergest group of

sesaludip ol 8d:bra ol Yok b Bkl Elurarty occu-

ring members. The variety is mainly due to the unique con-

figurational and configurationai*features end the reactivity
of the cyclodecadiene skeleton. Configurationally isomeric
gcrmacranolides has' led to.a reclassification into four sub-
groups which are cheracterized by a cyclodecadiene skeleton
with donle bonds in the C-1,10- and c-4,5-position. In f1g-

ure 2.6 the basic configurationel types are shown.
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The question remains unanswered whether the biosyn-
thesis or the four cyclodecadiene subgroups follows indepen-
dent biogenetic routes from the four possible configuration-

ally isomeric farnesols

her the configurational iso-

mers [29] to [31] a e germacranplide skele-

in the melampoli ‘ {h” F', tly known compounds
have an oxidized : _;fzwﬂv 2y are either aldehydes or
carboxylic acid de Bt ;it_‘v s «-Alactones) could be an
indication of inter i#i’-.?v e type of skeletal sys-
tem to another during{:; idation of C-14 and/op C-
15. Besides ¢:i§mﬁ7;ff‘ ly controlled tocess, spontaneous
or PhYtochemic’Eif ' ions could Bed dns

volved.

ﬂumwﬂmwmm
ﬂﬁﬂﬂﬂﬂ’im UAIINYAY




B O;/enzyme

P 7 L S 7

(18) germacrenc A 20)

C-&-
exidat.,

lactoniz.
lactonizat.

vuaii) Uil
RN TN I8 Y

(171 costunolide

Figure 2.4 Biogenesis of the lactone rigg (173},
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remophilanolide

A '
t
i

Tl

i¥

PS germacrolide ) (29) melampolide

ﬂ‘LJEJ’}‘VIEWIﬁWEﬂﬂ‘i
ik

(31) civeis-
(30) heliangolide

germacranolide

Figure 2.6 Configurational types of germacrenclides(173).
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BIOLOGICAL ACTIVITIES OF SESQUITE NE LA NES

1. Antitumor and Cytotoxic activity.

The earliest record of plants being recommended

for what is believed | er is the Ebers papyrus of

Egypt dating from a ‘ Since that time there has

been constantly popular and iatric, of

plants for the_ roughout the ages, un-

til at the pr Yy an area of the world

wvhere plants inistered fdr this di-

sease. In the icular medical- science,

this aspect has b E§p¢rj1 diderable attention conti-
‘I 1_1‘. L

nuously. There rticles about anticancer

plants, over 50 sesc F oﬂaf were evaluated for

the growth- 1nhﬁpitory potent1a1 against numerous tumor mo-

i U RBNTN N

Almost 20 years aft r that e, cancer in-

ARARIFI LRI REAR Eracrones v

evalaated for the antitumor and cytostatic activity. (see

Table I1)

The structure-activity relationship among ses-

-’

quiterpene lactones is very interested. Many investigators

had studied on this topic. It shown that unsaturated @ -exo
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-methylene- Y -lactones ring (-O-COfC=CH2) conjugated with
basic terpene carboxylic skeleton plays the main role for
cytotoxicity of sesquiterpene lactones (175-183).

Although this moiety is necessary for cytotoxi-

city but it is optimal-a

ﬁ,v1ty. Many sesquiterpene lac-

%tures show different degreé

of activity as t oq'ng es.

studied by tiss

tones which have di

rpene lactones wvere

- ;t was noted that acti-

vity of germacr A _i\z an that - .of ghaianolide
(183). |
which incorporated a

cyclopentanone, tone (in add;tlon to the
- B-methylene- Yklaé%éggé D 3red to produce enhanced cyto-

7
toxicity. Ngge ﬁf—%ﬂiﬂ' -%;}esquiterpene lactone -
containing an - ‘

er or cyclopentenone

vity (175 maa 185). The sesqui-
::‘:::;@ﬂﬁﬁmimm‘“:i;up,w:m:“i::
ARSI I

uranic ring in their molecules, whose

displayed sig&ificaﬁt ac

presence gives them a higher cytotoxic activity (186). In
a recent study cytofoxicity of some sesquiterpene lactones
from Eupatorium cannabinum and related compounds, eupatorio-
picrin, eupatoriopicrin acetonides, "substance 1" and hiyo-
dorilactone E showed highest cytotoxicity (IDso 1-2 mcg/ml)

following 1 hour incubation. Moieties of the sesquiterpene
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lactones ( @-methylene- Y-butyrolactone, eupatolide, angelic
and tiglic acid) and related compéunds (alantolactoneand
isoalantolactone) were less or not active at these concen-
trations. From the results of the experiments it can be
concluded that the entire molecule .(germacranolide ester)

is necessary for optimal 'totoxicity in vitro and that cy- ’

4”‘ sxng hydrophilicity (187).

des from Petasites albus,

e —
‘;‘rprising (188). It was

totoxicity increas
The

P. fragrans a

~

noted that ba .l”ene lactone (which does

not have an 75-. f;ﬁy*\\\gave result against

cells derive >~H Ep-2). Similar to

this report, -son of cytotoxie acti-

disclosed that they are-
about equally ac 1v!~ s "'“g’that the principle active

B “""‘# o7

center is piﬁrably ﬁﬁ?’

ketone, in which the’

! this can act: in . the

same way as ﬂEL ; -la@}one. This hypothesis
shows t}éi ess1ty is%dot for the unsaturated lactone
but for MEJ aman§Wﬂ,} ﬂie in the lactone or

keton fti = uctural para-
me%ﬁlagﬁl}s gﬁﬁlﬁﬂ% ﬂvaluating the
cytotoxic potential of sesquiterpene lactones.

Mode of action of sesquiterpene lactones on

growth inhibitory can be concluded that cancer cells are

inhibited on DNA, RNA, protein synthesis and thiol-bearing
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enzyme by Michael type addition (182,184,189—191,233,235,)
(see Appendix IIX) such as the following evidences. Alato-

lide induces defective changes in HelLa human cervical cancer

'LL’ synthesis and RNA synthesis

/’);tathione (GSH)-depleting
ed,’tu@s lysis by H202 (193).

as an antineoplastic

cells resulting of

Prat
(192). Vernolepin, i t
agent, markedly &
The major effec

agent on (mouse metabolism was to
inhibit DNA DNA polymegase and

thymidylate synt 't_J%§  ‘sites. Both pyrimidine and

RNA synthesis an senmger and ribosomal polymerase acti-

vities were suppressed oy . levels were increased

significantlgiﬁpﬁiék”&p- 1 He drastic reduction

of histone O

cmAsanin  suppressed a

Al .
Ilnzymes an oxidative

phosphoryﬁtﬂ "ﬁvﬁr Vﬁﬁm hﬁbited enzymes are
known thi ir ]iie ﬁazjcan undergo afnichael-type addition
500 P ) R pereressens
wi qkwp]- a)rT mu ‘ : - aformasanin,
RTANTITAN

shqwn with other sesquiterpene lactones.

member of glyclyytic and Krebs cycle

The plant species Geigeiia, commonly Kknown as

"vomitting shrub", is responsible for vomitting disease in

sheep. It has been shown that an ethanol extract.of 6., sas:
pera containing the sesquiterpene lactones dihydrogriesenin,
geigerinin and ivalin produced typical vomitting disease

symptoms in sheep these lactones irreversibly inhibit the in
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vitro activity of three key glycolytic emzymes namely phos-
phofrdctokinase, hexokinase- and glyceraldehyde-3-phosphate
dehydrogenase (195). Another 2 sesquiterpene lactones, eu-
patoriopicrin and hydroxyisonobiline, were studied in phyto-

hemagglutinin stimulat d an lymphocytes. Activities of

vde-3-phosphate dehydroge-
nase, pyruvate hydrogenase were inhi-

bited by both 1g .epin. a eudesmanol1de

has also been s | \\\\\‘ osphofructokxnase. an
1.; \C\

enzyme which h

ﬂumwﬂmwmm
’QW?NﬂiﬂJ AN Y



Compound

Germacranolides

Alatolide

Chamissonin diacetate
Deoxyelephantopin
Elephantopin
Elephantin
Epitulipinolide
Epitulipinolide
diepoxide
Ercmantholide A
Ercmantholide B
Eupacumin
Eupaformosanin

Eupahyssopin

Tumor- Reference
stem assayed®

HeLa, 192

SA/EAC/L1210 199

Ambrosia L R 175

Elephantopu WI 200
Elephan _ :KB/0S/WM 175,184
W@m—” B/0S/WM 175,184

Liriode KB 201

Lir.i ndron tulipifera : m KB 202
ﬂu&hﬁ} NENIT NN T 203, 204
Efemanthus elagagnus KB, 203,204

A (isangniEa NIREY |

q Eupatorium formosanum EAC-E4 194

Eupatorium hyssopifotium WA, PS 205

LS




Table II

(continued)

Sesquiterpene Lactones demonstr

Compound

Eupatolide

Eupatoriopicrin

Eupatoriopicrin
acetonide

9- o ~Hydroxyparthenolide
Lanuginolide

Liatrin

Lipiferolide

Molephantin

Molephantinin

YRARING

Eupatﬂlium cannabinum

ﬂummmw gl

chelia comprgssa

Lxri odeﬁron tu;;l w

Elephantopus millis
Elephantopus millis

ntitumor and

cytotoxic activity.

Reference

AN N
“ KB/HeLa/RK

(. H.EP-2/EAC-E4
SA/EAC-E&4/
L1210
KB/HeLa/RK

S S )/ EAC-EL/
()

N
FGA

m FGA
']ﬂ%/vs

Tnyme

H.EP-2
WA

206
207,208
199

206

187
187

209
|
175
202,210
211
212

8¢




Table II Sesquiterpene Lactones demonst

(continued)

I\

% antitumor and cytotoxic activity.

Compound

Parthenolide

Phantomolin
Ridentin
Tagitinin F
Tamaulipin-A
Tamaulipin-B
Tulipinolide
Guaiénolides

Arteglasin -A

Canin

Deacetoxymatricarin

W-18Va2

‘ Tumor - Reference
system assayed®
Ambroghafednterififora, \ |\ WI/H.EP-2’ 176
Michelii éompressaid KB 2
ElephdMt fbu s 7 s 08 jooa e B 211
Artemisfa dp % | WI/Hi.EP-2 176
Tithonia tagitiflora PS 214
Ambrosiz I/H.EP-2 176
AmbrBsia confert S ht/u.EP-2 176
Lir{yvendron ulipifera | KB 245
, ‘o ., |
AR RERAMN N e | o
U W-18Va2
. ¢ o
QRIRIATHURIINGANE ™ | ™
q | - -18Va
Achillea lanulosa WI/H.EP-2/ 176

65




(continued)

N\ *q&s —
Compound A 5\\ Tumor- Reference
ystem assayed™
Eupachlorin acetate Eupatog d KB ’ 175
Zaluzanin-C Zaluzani PS 217
Zalyzaniajfparthenole ‘ PS 232
Pseudoguaianolides = :
Ambrosin Hymenocle - z:Léhwﬁ,‘ ' PS 218
Aromaticin Helehium ' KB 175
Augustibalin Balduin: _ H.EP-2 219
Baileyolin Baile; multradiata ﬂﬂnot specify 241
Fastigilin C ‘Baileya’multiradiatds PS 216
lidesbedeb s o T B VR Borm. 02 | 22,20
Hymenoflorin H,Lehoxys grandiflora - LZ/E; 222
Microlenin q W@ﬁqmmﬂ%ﬂq ﬂEl"]@ El 223,234
Mexicanin I q| Helenium mexicanum 175
Odoratin Baileya pauciradiata KB/PS 225

09




Table II Sesquiterpene Lactones demonsti:

(continued)

Compound

Parthenin

Paucin

Plenolin

Fudesmanolides

Encelin
Farinosin

Ludovicin o

=

Iﬂ

ﬁiﬁﬁ"ﬁ‘ﬁ"ﬂ‘%'swa

ncelza faringsa

7%
AR IUANNINY AT,

W-18Va2

: Tumor - Refercnce
system assayed®
N
BK/ 191
KLT/MNT/ =226
P815/L1210/ 227
M-1
KB/PS 225
H.EP-2 228
WI/H.EP-2/ 176
18va2
WI/H EP-2/ 176
176

19




Bakkenolide-A

fragrans

IR INY A

+ % -
Table II Sesquiterpene Lactones demonst ,_antitumor and cytotoxic activity.
(continued)
Compound Tumor- Reference
system assayed®
Reynosin Miche KB 2
Santamarine Micheli KB 2
a-Santomin Artemisisz WI/H.EP-2/ 176
W-18Va2
Vernolepin Vernonia hymen %; KB 175
Vulgarin Art %) WI/H.EP-2/ 176
W-18Va2
Bakkenolides : 17~ 1 [V
AUBININTNENATeeer | oo
Bl

29




Table II Sesquiterpene Lactones demon:

(continued)

]

~ Compound

Undetermined structure
C20H2606
Hiyodorilactone E
15-Hydroxy=-3-

dehydrodesoxy fruticin
Isohelenol
Niveusin C

Ursiniolide A

Tumor - Reference
: \\system assayed™*

Anthemd s % =N HeLa/KB 229
Eupatorfum capna b n FGA 187
He Li 2 natiiicinbeinda NS-1/EAC 230
Hel Bnivm—microeephaiii——r—"" PS 231
LV Y )

Hel iant - NS-1/EAC 217
Not “Specify . SA/EAC/L1210Q 199

e /

ARNNNTUNMINEY

£9
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* Code for tumor systems assayed?

BK = Bovine Kidney cells
EA = Ehrlich ascites Mouse
EAC. = Ehrlich ascites breast carcinoma

EAC-E4 = Ehrlic w carcinoma cells
FGA = | g)nz carcinoma cell line

K.EP-2 mﬁcinoma of larynx

HeLa s (Cervical cancer)

HLT i | : cyte test

KB _“T\KEN‘ noma of nasopharynx cell
L1210 \ :

LZ i L=d v;j use (subcutaneous)

M-1 ma |

MNT Vo, micromu eus test with Swiss mice
NS-1 . myelom

0s 5 genic sarco 0734 Mouse

P815 9 : e .

PS ; e%nia Housé

RK = yuman oral carc1noma cells

AT n 11 AL D
A1 aﬂ‘hﬁhﬂ:ﬁﬁﬂn gy

W- 18Va2 ‘Simian virus 40-transfered cells of human origin

¥ code for tumor system assayed follow by reference papers

except BK, HLT, MNT there no code in the papers.
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2. Microbial-growth inhibitors(antibiotics).

Some sesquiterpene lactones have been shown to

possess anti-bacterial, anti-fungal, anti-helmintic proper-

doguaianolide, baileyolin from
%rted antimicrobial activi-
i d\molide and dihydromika-

i i 1 1nh1bit the growth in
culture, of & . v !{ \\ialh‘ -ccus aureus and

ties (237-240). The

Bailya multiradiat:

also

veast, Candida Helenin was Ehown to

exhibit activity/fage ":éf  Z:?\\\iathogenic fungi, Tricho-

phyton mentagropily tum and Epidermophyton
(ng

sp.(243). Parthenin 4is

“EAEl Pa1 henium  hyterphorus was

le_._:‘_..- e |

reported to inhibit —=s3
e

§clerospora

germination and zoospore

mobitity in

effect on gro; Aspergjllus flavus

(241). Two SID actones WIlch have the same for-
mula, an Y-lactone with
an exocyP1 ﬁnﬂwaﬁmm aEr:Imn to a ketonic group

TIUARYIMY TR o o
TN

hemia candicans. On testing the antibacte-

quiterpene

raal act1v1ty, it was revealed that both are active against
Bacillus subtilis, Staphylococcus aureus, Esherichia coli,
Pseudomonas aeruginosa and Mycobacterium phlei (245).
Antimicrobial screening tests were also done on the extracts

on 11 Iraq plants (246).

wvhereas it had no-
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The mechanism of action is used to propose by
studying activities a sesquiterpene lactone from Helianthus
annuus, 15-hydroxy-3-dehydrodesoxyfruticin. Its influence

on DNA, RNA and protein synthesis can inhibit Bacillus

brevis and the fungus cium ashbyi (247). However

' ” test on forty-five ses-
i mcterial activity screen-
ing test on f:ﬁﬁﬁ’g',f / sle v;u lactones (239), their

results can be v' at esmanolides being the

from antifungal a

lides, by prese ‘iﬁ&gl'f 75 B-unsubstituted cyclopen-
tanone ring. her moieties must play an

important role, enhancing or reducing the

activities.t:ﬁ

I -
3 A;li Inflannatory.

ﬂUH’JWHWﬁWB’]ﬂi

Certain sesqu1terpene lactone %Joduc1ng ‘plants,
“‘Q‘Mﬂﬁﬂﬁ“&%ﬁ%’]@vﬂb&}’lﬁﬁ
flamﬂatory herbal remedies as well as antipyretic drugs
(248). Thus, it was decided to test these agents for anti-
inflammatory activity. Ten sesquiterpene lactones; helena-
lin from Balduina angustifolia, tunulin and aromaticin
from Helenium amarum, eupatoside from Eupatorium formasanum,
deoxyelephantopin from Elephantopus carolinianus, eupahys-

sopin from 'Eupatorium hyssopifolium and eupaformosanin, -
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phantomolip, molephantinin from Elephantopus mollis, ‘and
some related compounds were studied. In the edema-induced
carrageenan inflammation screen, the @ -methylene- Yy -~

.

lactone moiety of the sesquiterpene lactone was required for
The 6-hydroxy group of helena-

A

eaweﬂ‘inally active. The same

n

anti-inflammatory activi

lin also was requi Y. In the tenulin series,

the 2,3-epoxy de

structure was «’

flex. In thé™ , javant thritic screen, compounds

of the writhing re-

containing the ne moiety, the B -unsub-

stituted cyc @ -epoxy cyclopenta-
none system a ) “‘»,L‘,j " hibition ét 2.5 mg/kg/
day. . The sesquit ene~la ones f%narginally effective

[ - o
against induced pleﬁiéii:-"_f_'delayed hypersensitivity was

suppresed szfhe;g agents wl | nfiunoglobulin synthesis’

s, side ,effects were

rom the'Ehmited tests performed

ﬂuﬂwaﬂy]iﬂﬁ ’lﬂon the s;me group .of
L 1Rl PP 0700

effectively uncoupled the oxidative phosphorylation of human

observed withI hese agents

rpolymorphonuclear neutrophils and elevated the cyclic adeno-
sine monophosphate levels of rat neutrophils and rat and
mouse liver cells. Free and total lysosomal enzymatic acti-

vity was inhibited by these agents at 5x10-4 M in both rat
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and mouse liver and rat and human neutrophils. Furthermore,
the structure-activity relationships for the stabilization
of lysosomal membrane for rat liver cathepsin activity fol-

lowed the same structure requirement necessary for anti-

alin from Balduina

angustifolia . and & ron: i rom Helenium amarum,

and germacra pin from Elephantopus

carolinianus ar  Eupatorium hyssopifolium

Veiirel

as well as synth pounds were observed to be

ST

antihyperlipide:miesﬁﬁﬂggé{? ;‘m

‘ e. Several of these com-

pounds at a‘ dose—of lted in lowering of-

serum cholessﬁro siaum“trigly;erides by -
25%. Thiol-beqﬂéeg enzymesigf lipid synthesis, i.e., acetyl

ot FRHINUATIE WS cine, s smvirars

- B-methylglutaryl CoAfreductase, were inhibited by these
s e i) el |surpbt wihd fenb Iekaise | Bk} these asents
alk;iate thiol nucleophiles by a Michael-type addition.
The o -methylene Y -lactone moiety, the VB—unsubstituted
cyclopentanone ring, and the @ -~epoxycyclopentanone system

of these compounds appeared to be responsible for the 1lo-

wering for serum lipids (250).
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5. Chemoprophylaxis by lactones in SchistosoAmiases.

Extracts of several Compositae contain lactones
that inhibit skin penet;ation by cercariae of the trematode,

Schistosoma mansoni

o‘f the wood o0ils indicated
that the sesqui act nes, .eremanthine, costunolide,
—— . E—————

and B -cycloco e ‘

active principles.

Dihydro-Q -cy § an exocyclic methy-

lene groups ound to be inactive

(251). Recen de, goyazenolide, iso-

lated from Ere m is was also shown to have

schistomicidal

,mTan'acetum, parthenium,
inhibit secretiphof granular contents from platelets and

“e“t”phﬂsu‘&lqiqﬂ &Wm wgvl;liﬂ ‘io the therapeutic

value of feverfew in migraine and. other €dnditions. Five
act By bodiohns wers bt Uk 1dadad Ioak chBlotiae, 3 & -ny-
droxgparthenolide, secotanaparhenolide A, canin and arteca-
nin. All of which are sesquiterpene lactones that contain
an Q@ -methylene butyrolactone unit. It is very likely that
these and other sesquiterpene lactones that contain and
@ -methylene butyrolactone unit are responsible for the anti

-secretory activity in extracts of feverfew (253).
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7. Ant-repellant activity.

The leafcutter ants of the tropical Americas are
considered polyphagous, but nontheless they seldom or never

attack many of the plants species available to them in

cted on the foraging behavior :
@/epbalotes have shown that:
. i J L %
Eupatorium qua [re's Qhe tree species seldom
attacked. Fizsﬂﬁifﬂff" -'?L7

nature. Investigation:

of Costa Rican ¢

es were 1isolated from

f which, seco-eudesma-

nolide and 4-d ‘v"fh", showed significant ant-

s argophyllus was -

tested for i

I
against tobac;z

cutworm larvae (Spo

 showed yeak activity

optera litura, 63 % kill

e AU SR MUN TR o rorane

larvae (Culex pipens, go % kill after 24 hrs in 10 ppm solu-

R AR PGB IR T8 B ene mavuran

resiStance of H. argophyllus to insect prgdation (255). Six
sesquiterpene lactones, alantolactone and iscalantolactone
were separated from a commercial mixture of these two com-
pounds, "Helenin" (Sigma chemical Co.), coronopilin and par-
thenin from Parthenium hysterophorus and hymenolin and bi-
pinnatin from Hymenoclea salsola, exhibited chronic tosi Ity

effects to the mosquito Aedes artropalpus (256).
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9. Insect feeding deterrents.

Laboratory experimentals evidence that sesqui-
terpene lactone provide resistance to insect feeding has

been shown by a study of 6 species of Vernonia. Larval

feeding experiments w

S. frigiperda, & ™
Trichoplusia ni. %reatly reduced larval

if cted on Spodoptera eridania,

Diacrisia virginia, and

feeding; feedin the concen-

tration of gla pene lactone in the

tested plants The later fiéld expe-

riment, 2 years contrary to . the pat-

tern observed in ing preference tests,
Vernonia flaccid : fm . SP¢ s lacking sesquiterpene
lacfones, was nsi ?_v,"‘ . upon less by insects than
were V. giga : though glaucolide-A"
'EIndhias against herbi-

vores espec1a11y mammals, V. flaccidifolia has lost this

compoundﬁ ‘Hxﬂﬁtw E}%w&’}ﬂh‘} evolved an alter-

native de nsive mechaq}sm which 1s more q{fectxve aga1nst

msq W@t&*@ﬂ?%ﬂﬂ?%%ﬂ%& herbivores

(258

The other antifeeding experiments of sesquiter-
pene latones are the following. Tulirinol from Liriodendron
tulipifera resulted positive antifeedant test om gypsy moth,
Lymantria dispar (259). The crude syrup of Melampodium ame-
ricanum L. and M. leucanthum Torr. and Gray and their prin-

cipal sesquiterpene lactones, melampodin A and melampodinin’
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A, significantly inhibit growth and deter feeding of 'the
fall armyworm, S. fru;g.iperda. Melampodin A and melampodinin
A effected 2.3x and 5.5x greater ,resplectirvely. than glauco-
lide A (260). The extracts of Parthenium schottii and P.

tomentosum foliage ap

Spodoptera exigu

‘//zea. But confertin, the

principal sesquiterpene gctﬁf’. schottii foliage and
eéding or growth of 3rd-
a concentration which
strongly inhibi th ne “H. zea larvae (261).

was proposed by the ex-

periment of hel edback voie, Clethriono-

mys rutilus. helanin's antifeedant

property and subseq e 5 ion of animals as well as its

ting also. N e sesquiterpene lact

' ationshig was interes-

ones were 1nvest1gated

and showﬂ ﬁa qwgwijgﬂﬂ?ccordlng to their

structure)(263 Horever, four sesqu1terpene lactones iso-
G LN ﬂ“ﬁ’ﬂﬁfﬁﬁl‘ﬁ’]ﬂ PoRE|pine ana peta-
site$ albus (all Compositae), together with 2 of their ad-
ducts, as well as 1 1lignan lactone of dibenzylbutaﬁolide
type from Libocedrus yateensis (Cupressaceae), were tested
for their feeding deterent activity against the adults of
Sitophilus granarius and Tribolium confusum, as well as

against the larvae of T. confusum and Trogoderma granarium.

’ inhibit larval growth of both -
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The strongest deterren@ activity against all species was ex-
hibited by the lignan_laetone yatein and the sesquiterpene
spirolactone bakkenolide A. Both may be included to the

class of very good 1nsect feeding deterrents. The compari-

son presented the conjugated a- exomethylene

moiety of the the decisive factor for

the deterrent f : estigated test model (264).

10.
nphalaria are the hosts
in the life cyc 1 ‘5: lood \f ke (genus Schistosoma,
Schistosomatidae) b 1;' onsible fof human schistoso-
mias is (bllharzla),maﬂdf s5e affecting more than 200 mil-

(265). There are’
many sesquiters  lac: ﬁEr mblluscidal activity.
A sesqulterpene lactone from Podachaenzum eminens, 7¢-hydro-

xy-3- deSHVHI&]z% WCEJ W@W&ﬂhﬂim glabrata snails

at the 1. %’ ppm level wx‘thln 24 Aours(266) On this same

8 A 4 TR A LB B Bie, ana con-

‘fert1f10r1n and allodesacetylconfert1flor1n from Ambrosia

confertiflora show positive activity also (267). Eveven
sesquiterpene lactones were examined as potential mollusci-
cides against the planorbid snail Biomphalaria havanensis.

The most potent compound was helenalin followed by pyrethro-

sin (268).
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11. Allergic contact dermatitis.

Many plants from species of the Compositae,

Lauraceae, Magnoliaceae, Umbelliferae and from the liverwort

Frullania, all of them sesquiterpene lactones, have

been shown to ss of allergens causing

anvhumans (269-276).
——

allergic conta tigls

cases are caused by the

sesqiterpene 1 tols 2, parthenin, arbusculin

A, arbusculin

nia), horticultnra?&&ﬁﬁﬁ:f hrysanthemum), perfumes (Saus-

surea), weeqﬁ (Ptrt&ﬂﬂi ! egetables (Cichorium

€stigationp is shown the

structures re

:te to cross- sent1v1ty. They testd 38 sesqui-

terpene ﬂﬂﬁﬁﬂﬂ%ﬁf?ﬁfﬁﬁlﬂﬁ with 13 costus

sensitivel/patients by patch test1ng over a two -year period.

°"’515W‘Tﬂ‘ﬂﬂ‘i‘flii}m’a*ﬂ‘&fﬂﬁlﬂ“mm £:
thos® that resembled the primary sensitizer, and B. those
belong to different skeletal classes. An exocyclic methy-
lene groups conjugated to Y-lactone was present in both che-
micals that cross- reacted and those that did not. The dlf’
ference between these two groups is that cross-reacting che-

micals are not highly substituted, tending to be lipophlic,
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while those giving negative responses all are highly subs-
~tituted at the c¢-8/c-6 position. This functional group may
hinder binding of exocyclic methylene with skin protein or
the actual antigenic site with an immune receptor cell(280).

The known al enic sesquiterpene lactones con-

tain an exocylic gion which may conjugate with

sulphydryl group og’ln s}l by a Michael-type ad-

dition to form( ‘Hble of producing cell-

mediated cont 283-285). But the re-

cent investig quiterpene lactones lac-
king the exo ie th e\at "Bhe ring, brevelin A, ar-
nicolide D, t 1-1,2-epoxypropyl)-erere-
er unsaturated. centers‘

such as a cyclopenténs = ?,-f an epoxy group, were proved

to be sensiﬁﬁf rs a pig agk of substitution in-
' : ﬁ’h_in the side chains

appear to be ELr ndcleophilic attack

e
ARIASAIH YHIINNAT

Livestock-poisoning from foraging a bitter tas-
ting plants of Compositae in well documented in agricultural
literature (287,288). For example, Hymenoxys odorata (bit-

.terweed) is an important livestock toxicant that affects
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primarily sheep and goats (287). Chemical studies on K.
odoréta have shown that hymenovin is the toxin ~involved in
the death of sheep (287). Similar poisoning (vomiting dis-
ease in sheep) has been noted among sheep grazing on South
‘ i h contain the compound ver
‘ fﬁt the sesquiterpene- $ac-

T ——

African species of
meerin (289).

tone toxicant 1 composition of the

rumen and thu " function (287).

activity relationship

was studied lactones from three

plants which s to livestock (287,

288). The sesgqg ll{ 2; 25 Wwere administered to rats

mexicanin E .‘Sfr,cmi C : -um](3.08+0.10), hela-
O 4 : .

(9.86+0.08), hymenoxon

[from Hymenoxz} odorat: 5.24 .10iﬂ Psilofrﬁpin (112.25+

0.17),_hynenoxdﬁ:;dimetﬂid iﬂ%heéj141.42+0), tenulin [from

Heleniumﬂuﬂ]’J1m&]5_ iw, d’lnﬂjolane (also from H.
odorata q(Ila ove 20 “'T oxi ﬁ! iterpene lac-
toneqﬂﬂﬁﬂﬁn‘?mgﬁ}iiﬁﬂn cE]ters such as
cyclopentanone, @ -methylene- Y -lactone, or hemiacetal

moieties in the molecule (290).
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13. Plant-growth inhibitors (phytotoxin).

A variety of sesquiterpene lactones of diffe-

rent skeletal types has been reported to show plant growth

xample, the sesquiterpene helian-
[} berosa L., Heliangine inhi-
bits the elongat ' ' tile sections and pro-

motes advcntit( - Naf Phaseolus cuttings.

Promotion is a ] N uced by suppling cysteine

regulatory activity, fo

gine isolated from

which reacts vi —g Lo wi exomethylene group

of heliangin omethylene group conju-

gated to th y therefore be responsi-
-ble for the gr inhibi in: BRVity (291).

-lactone; isolated

from Parthemium ysterc I Lyas tested for its
roperty. - _ermxnat;on as well as

seedling growIl of Crotalaria mucroj]ta Linn., Cassia tora

i‘::“cv %uﬁiﬁgﬂ'§WHﬂﬂﬁnum Linn. and bar-
a ﬂfmmm'gmﬂﬂﬂ'ﬂm“ achil-

li ace oxymatricarin, viscidulin B, and viscidulin C
from sagebrush inhibited the growth and stimulated the res-
piration of Cucumis sativus seedlings G253)..

Argophyllin-A and -B, germacranolide sesquiter-
pene lactones from Helianthus argophyllus, are closely rela-

ted to heliangine from H. tuberosus. So the inhibitory ef-
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fect of argophyllin -A and -B on the IAA-induced clongation
of Azuki (Azuvkia angularis) hypocotyl sections was examined.
They were found to show anti-auxin effects (294).

The characteristic pungency of the European 1li-

verwort, Chiloscyphus, | hus, is due to a mixture of
'ydroxydiplophyllin, ent-3-
oxodiplophyuiw i iplophyllolide. The last

two sesquiterpez jes have been also isolated from Di-

four sesquiterpe

sesquiterpene Jlactones,

showed inhibit '. : k‘ ; e germination and root

lactone ftom Inula race-
mosa, displays ; 1ca1 activity as a plant
growth regulator (Zajf?:; hé Structure of inunal <correlates
with alanto‘,~vn; . The : xS f'"" was shown to be a

s, seedling, growth rate

of resp1ratxon, and degradat1on of starch and proteins in

"“ﬂ‘ﬂfﬂ"”m ﬂﬂ’ﬁ‘ﬂ’ﬂ'] 17
9 Wﬂﬁ@ﬁ‘%‘mﬂ&}%ﬂﬁ’} NYIRE

Hymenovin, the major toxic constituent of the
range plant Hymenoxys odorata, which has caused of poisoning
in grazing animals, was mutagenic in the Ames Samonella ty-
phimurium test for mutagens and potential carcinogens. An
in vitro rat-liver metabolizing system did not alter the mu-

tagenic activity significantly (298).
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