
CHAPTER I I

HISTORICAL

1. CHEMICAL CONSTITUENTS OF MICHELIA SPP.

The compounds commonly found in  the  genus Michelia a re  

s e s q u ite rp e n e  la c to n e s , a lk a lo id s ,  s te ro id s  and v o la t i l e  o i l s .

L is t s  o f  the  compounds found in  v a r io u s  spec ies  o f Michelia 
a re  shown in  T ab le  1.



Table 1 . Chemical in v e stig a tio n s  of M î c h e l ï a  spp.

B o ta n ic a l O r ig in P la n t  P a r t C hem ica l Substance C a tego ry R e fe rence

Miohelia alba DC. T runk B a rk , U sh in su n in e A lk a lo id 9

(M. longifolia B l . ) Root (A p o rph in e  Type)

T runk  B a rk , O xoush insun ine A lk a lo id 9

Root (L ir io d e n in e ) (O xoaporph ine  Type)

T runk B a rk , S a l i c i f o l i n e A lk a lo id 9

Root (P hen e th y la m in e  Type)

T runk B a rk , M ic h e la lb in e A lk a lo id 9

Root (A p o rp h in e  Type)

F low e r A ce ta ld eh yd e M is c e lla n e o u s 30

It • is o -A r is to le n e S e s q u ite rp e n e 11

II A llo c im e n e M onoterpene 30

II B e n z y l A c e ta te M is c e lla n e c u s 20

II B en zy l Benzoate M is c e lla n e o u s 20:

II Benzaldehyde M is c e lla n e o u s 20



Table 1. (Continue)

B o ta n ic a l O r ig in P la n t  P a r t C hem ica l Substance C a tego ry R e ference

Michelia alba DC.) F lo w e r 2?e ta-B isabo lene S e sq u ite rp e n e 11

(M. longifolia B l . ) II B u ty r ic  a c id  m e th y l e s te r M is c e lla n e o u s 10, 30 , 21

It B u ty r ic  a c id  ,2 -m e th y l- M is c e lla n e o u s 11

m e th y l e s te r

II B u ty r ic  a c id ,  3 -m e th y l- M is c e lla n e o u s 10

m e th y l e s te r

II B u ty r ic  a c id ,  a lp h a -m e th y l M is c e lla n e o u s 10, 30

m e th y l e s te r

II i s o - B u ty r ic  a c id ,  m e th y l M is c e lla n e o u s 10

e s te r

II B u th y l p en tan o a te M is c e lla n e o u s 30

II (ieZ ta -C ad inene S e sq u ite rp e n e 11

II Camphene M onoterpene 11

II C a r-3 -e n e M onoterpene 11

It fc ra ns -C a rveo l M onoterpene 11



Table 1. (Continue)

B o ta n ic a l O r ig in P la n t P a r t C hem ica l Substance C a tego ry R e ference

Miche lia alba DC.) F low er e is -C a ry o p h y lle n e S e sq u ite rp e n e 11

(M. longifolia B l . ) II 1, 3 -C in e o l M onoterpene 11

II a Z-p,foz-Cub eb ene S e sq u ite rp e n e 11

II beta-Cub eb ene S e sq u ite rp e n e 11

II ortho-cymene M onoterpene 10, 30

II E th a n o l M ic e lla n e o u s 10, 30

II E th y l-a -m e th y l B u ty ra te M ic e lla n e o u s 30

II Eugenol M e th y l E th e r L ig n a n 11

II •fso -E ugeno l M e th y l E th e r L ig na n 11

II H ydroxy C i t r o n e l lo l M onoterpene 20

11 L im onene M onoterpene 11, 20, 30

II L in a lo o l M onoterpene 11, 20, 21

11 c is - L in a lo o l  o x id e M onoterpene 11

II trans- L in a lo o l  o x id e M onoterpene 11



Table 1. (Continue)

B o ta n ic a l O r ig in . , P la n t  P a r t C hem ica l Substance C a tego ry R e fe rence

Michelia alba DC. F low er M e th y l A c e ta te M is c e lla n e o u s 30

(M. longifolia B l . ) It M e th y l Benzoate M is c e lla n e o u s 30

• II M e th y l-2 -p e n te n o a te M is c e lla n e o u s 30

II M e th y l hexanoate M is c e lla n e o u s 30

II & eta-M yrcene M onoterpene 11

II N e ro l M onoterpene 20

II Ocimene M onoterpene 11, 30

II a Z p /ra -P h e lla nd re n e M onoterpene 11

II b e ta -P h e lla n d re n e M onoterpene 30

II beta-P in e n e M onoterpene 11

II P ro p io n ic  a c id  m e th y l 

e s te r

M is c e lla n e o u s 10, 30

II È e ta -S e lin e n e S e sq u ite rp e n e 11

11 T erpeno lene M onoterpene 30

II Undecane a g a ro l M onoterpene 30
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Table 1. (Continue)

B o ta n ic a l  O r ig in P la n t  P a r t C h em ica l S u b s ta n c e C a te g o ry R e fe re n c e

M ic h e l ia  a lb a  DC. F low er a lp h a -X la n g e n e S e s q u i te r p e n e 11
(M. l o n g i f o l i a  B l .)

M. c a t h c a r t i i T runk  B ark L a n u g in o s in e A lk a lo id 12
Hook f  & Thoms. (O x o ap o rp h in e  Type)

- T runk B ark L i r io d e n in e A lk a lo id 12
(O xoaporp-hine Type)

T runk B ark S i t o s t e r o l S te r o id 12

M. Champaca L. T runk B ark O x o u sh in su n in e A lk a lo id 16, 25
( L i r io d e n in e ) (O x o ap o rp h in e  Type)

T runk B ark M e g n o f lo r in e A lk a lo id 16
(A p o rp h in e  Type)

T runk Bark U s h in s u n in e A lk a lo id 16
(A p o rp h in e  Type)



Table 1. (Continue)

B o ta n ic a l  O r ig in P l a n t  P a r t C h em ica l S u b s ta n c e C a te g o ry R e fe re n c e

M ic h e l ia  champaca  L. T ru n k  B ark B - s i t o s t e r o l S te r o id 25
R oot B ark C o s tu n o l id e S e s q u i te r p e n e  L a c to n e 15
R oot B ark P a r th e n o l id e S e s q u i te r p e n e  L a c to n e 15
R oot B ark D ih y d r o p a r th e n o l id e S e s q u i te r p e n e  L a c to n e 15
R oot B ark M i c h e l io l id e S e s q u i te r p e n e  L a c to n e 15

M. co m p ressa  S a rg . T ru n k  B ark O x y a c a n th in e A lk a lo id 17
( B i s c o c la u r in e  Type)

T runk  B ark B e r b e r in e A lk a lo id 17
( P r o to b e r b e r in e  Type)

T ru n k  B ark P a lm a t in e A lk a lo id 17
( P r o to b e r b e r in e  T ype)

T runk  B a tk J a t r o r r h i z i n e A lk a lo id 17
( P r o t o b e r b e r i n e  Type)

T ru n k  B ark M a g n o f lo r in e A lk a lo id  
(A p o rp h in e  Type)

17



Table 1. (Continue)

B o ta n ic a l  O r ig in P l a n t  P a r t C h em ica l S u b s ta n c e C a te g o ry R e fe re n c e

M ic h e lio  co m p ressa  S a rg . T runk  B ark M iche p r e s s in e A lk a lo id 18
(A p o rp h in e  Type)

R oot B ark M ic h e le n o l id e S e s q u i t e r p e n e  L a c to n e 6

R oot B ark M ic h e l io l id e S e s q u i t e r p e n e  L a c to n e 6
R oot B ark C o m p re ssa n o lid e S e s q u i t e r p e n e  L a c to n e 6
R oot B ark D ih y d ro re y n o s in S e s q u i te r p e n e  L a c to n e 6
R oot B ark P a r th e n o l id e S e s q u i te r p e n e  L a c to n e 6
R oo t B ark D ih y d r o p a r th e n o l id e S e s q u i t e r p e n e  L a c to n e 6
R oo t B ark C o s tu n o l id e S e s q u i te r p e n e  L a c to n e 6
R oot B ark L a n u g in o l id e S e s q u i t e r p e n e  L a c to n e 6
R oot B ark R e y n o s in S e s q u i te r p e n e  L a c to n e 6
R oot B ark S a n ta m a r in e S e s q u i t e r p e n e  L a c to n e 6
R oot B a rk , L i r io d e n in e A lk a lo id 6 ,

H eartw ood (M ic h e l in e  B) (O x o a p o rp h in e  Type) 26



Tabel 1. (Continue)

B o ta n ic a l  O r ig in P l a n t  P a r t C h em ica l S u b s ta n c e C a te g o ry R e fe re n c e

M -Lchelia c o m p ressa  S a rg . H eartw ood M ic h e l in e  A A lk a lo id 26
(A p o rp h in e  Type)

M. e x c e l s a  B l. T ru n k  B ark L i r io d e n in e A lk a lo id 12

(M. d o l t s o p a  Buch-Ham R oot B ark C O xoaporphine Type)
ex DC.) T ru n k  B a rk , S i t o s t e r o l S te r o id 12

R oot B ark
F r u i t L a n u g in o l id e S e s q u i te r p e n e  L a c to n e 14
F r u i t D ih y d r o p a r th e n o l id e S e s q u i t e r p e n e  L a c to n e 14
F r u i t 1.1, 1 3 -D e h y d ro la n u g in o l id e S e s q u i te r p e n e  L a c to n e 14

M. f i g o  S p reng L eav es Magnola m in e A lk a lo id 27
( B is b e n z y l i s o q u in o l in e  Type

L eav es ^ - S i t o s t e r o l S te r o id 27

F lo w er i s o - B u t y l  A c e ta te M is c e l la n e o u s 2 2 , 23



Table 1. (Continue)

B o ta n ic a l  O r ig in P l a n t  P a r t C h em ic la  S u b s ta n c e C a te g o ry R e fe re n c e

M iche l i a  f i g o  Spreng F lo w er E th y l  A c e ta te M is c e l la n e o u s 23

F lo w er E th y l  i s o b u t y r a t e M is c e l la n e o u s 23

F lo w er i s o - B u ta n o l M is c e l la n e o u s 23

F lo w er 8Z, H Z , 1 4 Z -8 , 1 1 ,1 4 - M is c e l la n e o u s 22
h e p ta d e c a t r i e n - 2 - o n e

M. f u s c a t a  B 1. D e a c e ty l l a n u g in o l id e S e s q u i te r p e n e  L a c to n e 24

M ic h e f u s c a l id e S e s q u i te r p e n e  L a c to n e 24
D e h y d ro la n u g in o l id e S e s q u i te r p e n e  L a c to n e 24

L i p i f e r o l i d e S e s q u i t e r p e n e  L a c to n e 24

S y r i n g a r e s i n o l L ig n a n 24
M agnolam ine A lk a lo id 27

( B is b e n z y l i s o q u in o l in e  Type'
M, hed yo sp erm a  Law, V o l a t i l e  O il S a f r o l e M o n o te rp en e 19



Table 1. (Continue)

B o ta n ic a l  O r ig in P l a n t  P a r t C h em ica l S u b s ta n c e C a te g o ry R e fe re n c e

M ich e lia . V o l a t i l e  O il M e th y le u g e n o l L ig n an 19
hedyosperm a  Law. L im onene M o n o te rp en e 19

L in a lo o l M o n o te rp en e 19

M. la n u g in o s a  W a ll. T ru n k  B ark D ih y d r o p a r th e n o l id e S e s q u i te r p e n e  L a c to n e 12 , 2 8 , 29

T ru n k  B ark L a n u g in o l id e S e s q u i t e r p e n e  L a c to n e 1 2 , 2 8 , 29

T runk  B ark 1 1 , 1 3 - D e h y d ro la n u g in o l id e S e s q u i t e r p e n e  L a c to n e 1 2 , 1 3 , 28

T ru n k  B ark P a r th e n o l id e S e s q u i te r p e n e  L a c to n e 12 , 1 3 , 28

T ru n k  B a rk , L a n u g in o s in e A lk a lo id 12
L e a v e s , (O x o ap o rp h in e  Type)
R oot B ark
T ru n k  B ark M ic h e la n u g in e A lk a lo id 12

(A p o rp h in e  Type)
L e a v e s , 
R oot B ark

L i r io d e n in e A lk a lo id
(O x o ap o rp h in e  Type)

12

roo
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Table 1. (Continue)

B o ta n ic a l  O r ig in P l a n t  P a r t C h em ica l S u b s ta n c e C a te g o ry R e fe re n c e

M iche l i a L eav es S i t o s t e r o l S te r o id 12
•la n u g in o s a  W a ll. T runk  B ark S in a p a ld e h y d e M is c e l la n e o u s 28

:
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2 . APORPHINE AND OXOAPORPHINE ALKALOIDS

The a l k a l o i d s  w id e ly  d i s t r i b u t e d  in  th e  p l a n t  o f  genus 
M ic h e l ia  b e lo n g  to  a p o rp h in e  and o x o a p o rp h in e  a l k a l o i d s .  T hese  a l k a l o i d s  
a r e  la n u g in o s in e  ]_, m ic h e la n u g in e  2, l i r i o d e n i n e  o r  o x o u s h in s u n in e  3 
u s h in s u n in e  4 ,  m a g n o f lo r in e  _5, m ichep r e s  s in e  .6, and m ic h e la lb in e  2.3

U s h in s u n in e  and o x o u s h in s u n in e  w ere  found  to  d i s t r i b u t e  commonly, 
e s p e c i a l l y  in  th e  genus .M ic h e t ïa  (1 6 ) .

2 .1  C h e m is try  o f  A p o rp h in e  A lk a lo id s

A p o rp h in e  a l k a l o i d s  a r e  th e  l a r g e s t  g roup  (o v e r  100) o f  i s o q u in o l in e  
a l k a l o i d s  and r e p r e s e n te d  by th e  g e n e r a l  S t r u c t u r e s *  T h ese  a l k a l o i d s  
a r e  d i s t r i b u t e d  in  a t  l e a s t  18 p l a n t  f a m i l i e s ,  6 f w hich  th e  m ost im p o r ta n t  
a r e  th e  P a p a v e ra c e a e , A n o n aceae , L a u ra c e a e  and M onim iaceae C 48).

In  te rm s  o f  s t r u c t u r e  i t  can  be d e r iv e d  from  a b e n z y l i s o q u in o l in e  
s k e l e to n  9 by a d d i t i o n a l  r i n g  c lo s u r e  (4 9 1 .

B en zy l i soqu ino l ine  nucleus
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The n i t r o g e n  atom  i s  u s u a l ly  m e th y la te d ;  a l th o u g h  some 
n o ra p o rp h in e  a r e  known, th e y  a r e  n o t  v e ry  s t a b l e  and a r e  o f t e n  
c h a r a c t e r i z e d  a s  t h e i r  N - a c e ty l  d e r i v a t i v e s .  A p o rp h in es  a r e  known w ith  
th e  C -6a s te r e o c h e m is t r y  e i t h e r  a o r  8 (4 8 )'.

The m ost d iv e r s e  s t r u c t u r a l  f e a t u r e  o f th e  a p o rp h in e  i s  th e  
o x y g e n a tio n  p a t t e r n .  P o s i t i o n  1 and 2 a r e  a lw ays o x y g e n a te d , e i t h e r  by 
h y d ro x y , m ethoxy o r  m e th y le n e  d io x y  g ro u p s . I t  i s  common to  f in d  f u r t h e r  
oxygen  s u b s t i t u e n t s  a t  C -9 , C-10 and C - l l  and o c c a s io n a l ly  a t  C -8 . I t  
i s  r a r e  to  f in d  o x y g e n a tio n  a t  C -7 , e x c e p t in  th e  o x o a p o rp h in e s , and even  
r a r e r  to  f in d  any o x y g e n a tio n  i n  r i n g  B. (4 8 ) .

A p o rp h in e  a l k a l o i d s  i s o l a t e d  from  M ic h e lia  sp p . a r e  shown in  F ig .
2 . 1 .

2 .2  C h e m is try  o f  O x oaporph ine  A lk a lo id s

The o x o a p o rp h in e s  r e p r e s e n t  th e  m ost h ig h ly  o x id iz e d  s t a t e  of 
th e  a p o rp h in e  s k e l e to n .  They a r e  w id e ly  d i s t r i b u t e d  ( a t  l e a s t  n in e  p l a n t  
f a m i l i e s )  and commonly c o o c c u r w i th  a p o rp h in e  a l k a l o i d s .  The n u m b erin g  
sy s tem  i s  th e  same a s  t h a t  o f  a p o rp h in e s  an d , l i k e  th e  a p o r p h in e s ,  beyond 
th e  p e r e n n ia l  1 ,  2 -d io x y g e n a t io n ,  th e y  e x h i b i t  a v a r i e t y  o f  oxygen . 
s u b s t i t u t i o n  p a t t e r n s .  In  t h i s  s e r i e s  how ever, th e r e  i s  a te n d e n c y  tow ard  
3 - s u b s t i t u t i o n  and n o t  1 1 - s u b s t i t u t i o n  (4 8 ) .  O xoaporph ines i s o l a t e d  from  
M ic h e l ia  sp p . a r e  shown in  F ig .  2 . 2 .

The f i r s t  o x o a p o rp h in e  to  be i s o l a t e d  was l i r i o d e n i n e  3 ,  a b r i g h t  
y e llo w  c o n s t i t u e n t  o f  th e  h ea rtw o o d  o f th e  t u l i p  t r e e  L iv io d e n d r o n  
t u l i p i f e r a  L. (M a g n o lia c e a e ) .
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M ic h e la n u g in e  2 U s h in s u n in e  4_

M a g n o f lo r in e  5 M i c h e l a l b i n e  7

M i c h e p r e s s i n e  I o d i d e  6

A p o rp h in e  a l k a l o i d s  i s o l a t e d  from  M ic h e lia  sp p .F i g u r e  2 . ๆ



25

L i r io d e n in e  i s  th e  m ost w id e ly  d i s t r i b u t e d  o x o a p o rp h in e  and h a s  
b een  o b ta in e d  from  a t  l e a s t  22 g e n e ra  in  e ig h t  p l a n t  f a m i l i e s .

L i r i o d e n i n e  13 L a n u g in o s in e  1

F ig u r e  2 .2  O x oaporph ine  a l k a l o i d s  i s o l a t e d  from  M vcheH a  sp p .
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2 .3  B io s y n th e s is  o f A p o rp h in e  A lk a lo id s

A p o rp h in e  a l k a l o i d s  a r e  u s u a l l y  o p t i c a l l y  a c t i v e ,  and p o s s e s s  
e i t h e r  th e  R o r  th e  ร a b s o lu te  c o n f ig u r a t io n  (5 5 ) .

The common b u i ld in g  b lo c k s  f o r  th e  a p o rp h in e  a l k a l o i d s  a r e  th e  
te t r a h y d r o b e n z y l i s o q u in o l in e s  r e t i c u l i n e  and N -m e th y lc o c la u r in e . The 
te t r a o x y g e n a te d  r e t i c u l i n e  u s u a l l y  a c t s  a s  a p r e c u r s o r  to  th e  a p o rp h in e s  
when i t  i s  i n  th e  ร a b s o lu te  c o n f ig u r a t io n  w h ich  i s  d e x t r o r o t a t o r y .  On 
th e  o th e r  h an d , th e  t r io x y g e n a te d  N -m e th y lc o c la u r in e  may f u n c t io n  a s  a 
p r e c u r s o r  i n  th e  d e x tro  o r  th e  l e v o r o t a t o r y  form  ( 5 5 ) .

( + ) - r e t i c u l i n e N - M e th y lc o c la u r in e

The b io g e n e t i c  pa thw ays le a d in g  to  i s o q u in o l in e  a l k a l o i d s  a r e  
d e r iv e d  from  t y r o s i n e .  T y ro s in e  i s  f i r s t  e l a b o r a te d  to  a s u i t a b l e  
h y d ro x y la te d  and d e r i v a t i s e d  p h e n e th y lam in e  w hich  i s  th e n  com bined w ith  
a seco n d  b u i ld in g  b lo c k .  T h is  seco n d  b u i ld in g  b lo c k  can  v a ry  w id e ly  to  

g iv e  v a r io u s  ty p e s  o f i s o q u in o l in e s  ( 5 0 ) .  The p ro v en  o r  p ro b a b le  
b io g e n e t i c  l o c i  f o r  th e  fo rm a tio n  o f th e  i s o q u in o l in e  a l k a l o i d s  i s  shown 
in  F ig u re  2 .3  (5 6 ) .



T e t r a h y d r o -
l s o q u l n o l l n e

t r i m e r a

( D I  m e r s )

S i m p l e  t e t r a h y d r o -  
l s o q u l n o l l n e s

T y r o s i n e P l i e n e t h y l a m l n c s

D e s a c e t y l l p e c o s l d e
P h e n y l t e t r a -

h y d r o l s o q u l n o l l n e s
7 E m e t i n e  b a s e s

A z a / l u o r a n t h e n e a

s a l t s

D l m e r t c  R e t r o t e t r a h y d r o -  
q u a t e m a r y  p r o t o b e r b e r l n e s  

p r o t o b e r b e r t n e  " y ?
R e  t  r o t e  t  r a l l y  d r o -  

b e n z y l l s o q u l n o l l n e s  
Q u a t e r n a r y  7

p r o t o b e r b e r t n e  V
s a l t a  N" \ T e t r a h y d r o -  —

p r o t o b e r b e r t n e s

S p l r o b e n z y l -
l s o q u l n o l l n e s

D e n z o p h e n a n -
t h r l d l n c s

B e n z o p h e n a n -  
t h r i d l n c  d i m e r s

A r o m a t i c  
b e n z y l l s o q u l n o l l n e s

T c t r a h y d r o b c n z y  1 - '  
I s o q u l n o l l n e s

M o r p h l n a n d l c n o l

I p c c o s l d e
P r o t o s t e p h a n l n e

I s o q u l n o l o n o s  
B l s b e n z y l -

P r o t o p l n e s

P h t h a l l d e -  
I s o q u l n o l l n c s

I s b e n r y l -  P r o a p o r p h l n e -  \
l s o q u l n o l L n e s  f c e n z y l l s o q u l n o -  l l n e  d i m e r sfP a v l n e B

R h o e a d l n e s  a n d  p a p a v e r r u b l n e  
I s o p a v l n e s  A p o r p h l n e - b e n z y l -
C u l a r l n c s  i s c q u l i i o l l r . e  d i m e r s

" ' ^ ' ' - a ^ C u l a r l n e - m o r p h i n e  
D l b e n z o -  d i m e r s

p y r r o c o l l n e s
P r o a p o r p h l n e a  a n d  n e o p r o a p o r p h l n e o

■ A p o r p h l n c s  - - - - - - - - - - ► - O x o a p o r p h l n e s

?P h c n a n t h r e n e s T a s p l n e

F ig u re  2 .3  P ro v en  o r  P r o b a b le  B io g e n e t ic  L o c i f o r  th e  F o rm a tio n  o f  th e  I s o q u i n o l i n e  A lk a lo id s
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Figure 2.4 B iogenetic re la t io n s h ip s  of the major a lk a lo id  groups
derived from a te trahyd robenzy lisoq u ino line  precurso r
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Dopjmine

F ig u r e  2 .5  The fo rm a tio n  o f 1- b e n z y l - 1 ,  2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e s

* SAM ร-adenosylme th ion ine
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B e n z y l i s o q u i n o l in e s  d e r iv e  from  two m o le c u le s  o f  L - t y r o s i n e .
They o ccu p y  a param ount p o s i t i o n  in  a l k a l o i d  c h e m is t r y  b e c a u s e  th e y  a c t  

a s  in vivo  p r e c u r s o r s  t o  so  many o f  th e  o t h e r  n a t u r a l l y  o c c u r r in g  

i s o q u i n o l i n e s .  R e t i c u l i n e  i s  r e g a r d e d  a s  t h e  k ey  in t e r m e d ia t e  in  th e  

b i o s y n t h e s i s  o f  many a l k a l o i d s  b a sed  on t h e  b e n z y l i s o q u i n o l i n e  n u c le u s ,  
and a s  a r e s u l t  o f  t h e  s tu d y  o f  t h e s e  a l k a l o i d s  much h a s  b een  le a r n e d  

o f  th e  b i o s y n t h e s i s  o f  r e t i c u l i n e .  ( 5 7 ) .

The exa m p le  o f  t h e  fo r m a t io n  o f  r e t i c u l i n e  in  Papaver sormifevun 
L in n , i s  shown in  F ig u r e  2 .5  ( 5 1 ) .

The f i r s t  s t e p  (A) i n v o lv e s  t h e  c o n v e r s io n  o f  two m o le c u le s  o f  

L - t y r o s in e  in t p  two m o le c u le s  o f  DOPA. One m o le c u le  o f  DOPA i é  c o n v e r te d  

i n t o  d op am in e (B) w h i l s t  t h e  o t h e r  i s  c o n v e r te d  i n t o  3 , 4 -h y d r o x y p h e n y l  
p y r u v ic  a c id  ( 6 ) .  T h ese  two com pounds th e n  com bine w ith  t h e  e l i m in a t io n  

o f  w a te r  and c a r b o n - d io x id e  in  a M a n n ic h -ty p e  r e a c t i o n  t o  y i e l d  a 

m o le c u le  o f  n o r la u d a n o s o l in e  ( D ) . 0 -a n d  N - m e th y la t io n  (E) th e n  le a d  to  

( - ) - r e t i c u l i n e  ( 5 1 ) .

More r e c e n t  e x p e r im e n ts  h a v e  d e f i n i t e l y  shown t h a t  b e n z y l ­
i s o q u i n o l i n e s  a r e  n a t u r a l  p r e c u r s o r s  o f  a p o r p h in e  a l k a l o i d s .  T r i t iu m -  

la b e le d  N - m e th y lc o c la u r in e  fe d  t o  Papaver dubium was a good  p r e c u r s o r  

o f  ( + ) - r o e m e r in e ,  t h e  m ajor  a l k a l o i d  o f  t h i s  p l a n t ,  F ig .  2 .6  ( 4 9 ) .

(+ )-N -m e thy l-
coclau rine

(+ )-ro em erin e

F ig u r e  2 .6  B i o s y n t h e s i s  o f  ( + ) - r o e m e r in e  in  Papaver dubium
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F e e d in g  t r i t iu m  la b e le d  (+ )-a n d  ( - ) - o r i e n t a l i n e s , (+->- 
o r i e n t a l i n e - 3 - (^ c ) , or  d o u b ly  la b e le d  o r i e n t a l i n e  to  Papaver orien tale  
g a v e  a p r e f e r e n t i a l  c o n v e r s io n  o f  ( + ) - o r i e n t a l i n e  to  i s o t h e b a i n e  w ith  

no l o s s  o f  m eth o x y l g r o u p s , F ig ,  2 .7  ( 4 9 ) .

( + ) - O r i e n t a l i n e  ( + ) - I s o t h e b a i n e

F ig u r e  2 .7  B i o s y n t h e s i s  o f  ( + ) - i s o t h e b a i n e  in  Papaver orien tale

O ther e x p e r im e n ts  h a v e  shown r e t i c u l i n e  t o  b e  t h e  p r e c u r s o r  o f  

some a p o r p h in e  a l k a l o i d s  ( e g . ,  m a g n o f lo r in e ,  b u lb o c a p n in e  and b o ld in e )  

F i g . 2 . 8 ,  and n o r p r o to s in o m e n in e  t o  b e  th e  p r e c u r s o r  o f  o t h e r s .  T h ese  

v a r io u s  r e s u l t s ,  i n  w h ich  t h e  o n ly  d i f f e r e n c e  b e tw een  p r e c u r s o r  b e n z y l -  

i s o q u i n o l i n e s  i s  th e  p a t t e r n  o f  O -m e th y la t io n , i l l u s t r a t e  an im p o r ta n t  

p r i n c i p l e ,  th e  p o s i t i o n s  t h a t  a r e  m e th y la te d  e a r l y  i n  th e  s e q u e n c e  h a v e  

a c o n t r o l l i n g  i n f lu e n c e  on t h e  f u t u r e  d i r e c t i o n  o f  t h e  p athw ay ( 4 8 ,  49 )

The d i s c u s s i o n  on th e  b i o g e n e t i c  s y n t h e s i s  o f  th e  a p o r p h in e  

a l k a l o i d s  h a s  r a i s e d  a number o f  p o in t s  c o n c e r n in g  t h e  b i o s y n t h e s i s  

o f  t h i s  g ro u p . In  p a r t i c u la r  and d ep en d in g  on th e  o r i e n t a t i o n  o f  

p h e n o l i c  and m eth oxy  gro u p s we m ig h t e n v is a g e  any o f  a t  l e a s t  f i v e  

r o u t e s  b e in g  in  o p e r a t io n  from  a b e n z y l i s o q u in o l in e  p r e c u r s o r  a s  shown  

in  F ig u r e  2 .9  ( 4 8 ) .
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F ig u r e  2 .8  B i o s y n t h e s i s  o f  i s o b o ld in e  and m a g n o f lo r in e

benzylisoquinoline

Route 1

>  Route I I -

-> proaporphine

->neoproaporphine aporphineA A
Route I I I ---------> morphinaodienone------- > neoproaporphine

Route IV --------->d irectly coupled 3a-substituted qu ino l'

R o u tt V --------- > direct coupling o f radicals —■

F ig u r e  2 .9  B io g e n e s i s  o f  a p o r p h in e s  from  b e n z y l i s o q u in o l in e s

The s t r u c t u r e  o f  th e  a p o r p h in e  a l k a lo id s  (+ )-r o e m e E in e  ( F i g . 2 .6 )  

and ( + ) - i s o t h e b a i n e ( F i g . 2 .7 )  in d ic a t e d  t h a t  th e y  a r e  p r o b a b ly  n o t  

d e r iv e d  from  a t e t r a h y d r o b e n z y l i s o q u in o l in e  by d i r e c t  c o u p l in g .

B a rto n  and C O - w orkers i n v e s t i g a t e d  th e  fo r m a t io n  o f  ( + ) -r o e m e r in e  

i n  Papaver dubivm L. and fou n d  t h a t  t r i t i u m - l a b e l e d  ( + ) - N - m e t h y lc o c la u r in e  

was w e l l  in c o r p o r a t e d .  The p o s i t i o n  o f  th e  h yd ro xy  group in  th e  

p r e c u r s o r  s u g g e s t s  t h a t  a p r o a p o r p h in e  in t e r m e d ia t e  i s  in v o lv e d  (F ig u r e
2 .6 )  ( 4 8 ) .
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(a )  The b i o s y n t h e s i s  o f  b o ld in e  i n  Litsea glutinosa (L o u r .)
C . B .  R o b .  Var. glabraria H o o k  ( L a u r a c e a e )  h a s  b e e n  s t u d i e d  b y  K a p i l  

a n d  c o - w o r k e r s .  O f  s e v e r a l  v a r i o u s l y  m e t h y l a t e d  b e n z y l i s o q u i n o l i n e
t

p r e c u r s o r s ,  o n ly  4 - O - m e th y ln o r la u d a n o s o l in e ,  n o r - r e t i c u l i n e  and 

r e t i c u l i n e  w ere  p r e c u r s o r s .  In  t h e  l a t t e r  c a s e  th e  ( + ) - r e t i c u l i n e  

w as in c o r p o r a t e d  w i th  c o n s id e r a b le  p r e f e r e n c e  i n t o  b o l d i n e ,  F ig u r e  2 .1 0 .

(b ) The m ore d e f i n i t i v e  r e s u l t s  h a v e  b e e n  o b t a in e d  b y  B a t t e r s b y  

and c o -w e r k e r s  c o n c e r n in g  t h e  fo r m a t io n  o f  d i c e n t r i n e ,  c o r y d in e  and  

g l a u c in e  in  Dicentra eximia (K e r .)  T o r r , (F u m a r ia c e a e ) . R e t i c u l i n e
I

and o r i e n t a l i n e  w ere  n o t  p r e c u r s o r s ,  b u t  4 -O -m e th y ln o r la u d a n o s o l in e
?

and n o r p r o to s in o m e n in e  w ere  e f f e c t i v e  p r e c u r s o r s .  4 - 0 - m e t h y ln o r -  • 
la u d a n o s o l in e  was c o n v e r te d  in t o  n o r p r o to s in o m e n in e  w h ich  m ust b e  

in c o r p o r a t e d  in t o  t h e  t h r e e  a p o r p h in e  a i k a l o i d s  b y  t h e  way o f  t h e  two 

n e o p r o a p o r p h in e  in t e r m e d ia t e s  a s  in d ic a t e d  in  F ig u r e  2 . 1 1 .

From F ig u r e  2 . 1 0 ,  n o r p r o to s in o m e n in e  was n o t  a p r e c u r s o r  o f  

b o ld in e  i n  Litsea glutinosa var. glabrariaJ w h ich  c o n t r a s t s  w i t h  t h a t  

o f  b o ld in e  in  Dicentra eximia (F ig u r e  2 . 1 1 ) .

T h ese  r e s u l t s  w o u ld  s u g g e s t  t h a t  b o ld in e  i s  p ro d u ced  b y  two 

d i f f e r e n t  p a th w a y s i n  two d i f f e r e n t  p l a n t s .  I f  t h i s  i s  g e n e r a l  t r e n d ,  
t h e  b i o s y n t h e s i s  o f  a p o r p h in e  a l k a l o i d s  may n e v e r  b e  e s t a b l i s h e d .  

C l e a r l y ,  t h i s  i s  an  a r e a  i n  n eed  o f  c o n s id e r a b le  f u r t h e r  s t u d y ,  and  

a t  t h i s  t im e  i t  i s  n o t  c l e a r  w h ic h , or  how m any, o f  t h e  p o s s i b l e  

b i o s y n t h e t i c  r o u t e s  may b e  o p e r a t in g  in  o r d e r  to  p r o d u c e  t h e  v a r io u s

The b io sy n th e s is  of bo ld ine  in  d i f f e r e n t  p la n t sp ec ies  have
been stud ied  in  d e t a i l ,  the q u ite  d i f f e r e n t  r e s u l t s  were obtained as
(a) and (b) (48).



aporphine a lk a lo id s  (48).

B e n z y l i s o q u in o l in e s  a r e  n o t  o n ly  th e  p r e c u r s o r  o f  a p o r p h in e s ,  
b u t t h e y  a r e  a l s o  th e  p r e c u r s o r  o f  many o th e r  i s o q u i n o l i n e  a l k a l o i d s  

w h ich  i s  sum m arized in  F ig u r e  2 . 4 .

2 .4  B i o l o g i c a l  A c t i v i t i e s  o f  A p orp h in e  A lk a lo id s

U s h in s u n in e  showed s tr o n g  b a c t e r i o s t a t i c  a g a i n s t  Staphylococcus 
and s t r o n g  b a c t e r i c i d a l  a c t io n  a g a in s t  sh igella , Mycobacterium and 

B acillus s u b ti l is  (5 2 )  ,

L ir io d e n in e  (O x o u sh in su n in e )  showed s i g n i f i c a n t  i n h i b i t o r y  

a c t i v i t y  a g a i n s t  human ca rc in o m a  o f  th e  n a so p h a ry n x  t e s t  sy s te m  (5 3 )  

and e x h i b i t e d  q u i t e  a w id e  r a n g e  o f  a n t i b a c t e r i a l  and a n t i f u n g a l  

a c t i v i t y  in v itro  ( 4 8 ,  5 4 ) .
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4’-0 - m e th y ln o r -  r .o r - re t ic u l in e
la u d a n o so lin e

b o l d i n e

re t ic u lin e

Isob o ld in e

F ig u r e  2 .1 0  B i o s y n t h e s i s  o f  b o ld in e  in  Litsea glutinosa  
v a r . glabraria.

ร
» ท  / J ภ  ง า  น*) \
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F i g u r e  2 . 1 1 B i o s y n t h e s i s  o f  C o r y d i n e ,

i n  D i o e n t v a  e x i m i a  ( K e r . )

D i c e n t r i n e  a n d  G l a u c i n e  

T o r r .
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3 .  SESQUITERPENE LACTONES

D uring t h e  p a s t  20 y e a r s  o v e r  500 s e s q u i t e r p e n e  la c t o n e s  h ave  

b een  i s o l a t e d  and i d e n t i f i e d  from  many s p e c i e s  o f  h ig h e r  and lo w er  

p l a n t s ,  c h i e f l y  from  s p e c i e s  o f  C o m p ositae  ( 5 8 ) .

S e s q u ite r p e n e  l a c t o n e s  w ere  a l s o  i s o l a t e d  from  v a r io u s  s p e c i e s  o f  

o f  t h e  g en u s Mi-chetia (M a g n o lia c e a e )  a s  shown in  T a b le  1 .

Two r e a s o n s  can  b e g iv e n  f o r  th e  s t r o n g ly  in c r e a s in g  i n t e r e s t  

i n  t h i s  group  o f  n a t u r a l  p r o d u c t s .  F i r s t ,  s e s q u i t e r p e n e  la c t o n e s  

h a v e  b een  s u c c e s s f u l l y  u sed  a s  m ark ers in  b io c h e m ic a l  s y s t e m a t ic  

(dhernotaxonom y) s t u d i e s ,  m a in ly  i n  t h e  C o m p o sita e . S eco n d , more 

r e c e n t l y  a number o f  compounds r e c e iv e d  c o n s id e r a b le  a t t e n t i o n  due to  

t h e i r  v a r io u s  b i o l o g i c a l  a c t i v i t i e s  su c h  a s a n t i- tu m o r , c y t o t o x i c ,  

a n t im ic r o b ia l  and p h y t o t o x ic  a c t i v i t i e s  and th e y  a r e  a l s o  known t o  

p o is o n  l i v e s t o c k ,  to  a c t  a s  i n s e c t  f e e d in g  d e t e r e n t s  and t o  c a u se  

a l l e r g i c  c o n t a c t  d e r m a t i t i s  in  humans ( 5 8 , 6 4 ) .

3 .1  C h em istry  o f  S e s q u i te r p e n e  L a c to n e s

S e s q u ite r p e n e  la c t o n e s  a r e  a group o f  s e s q u i t e r p e n o id ,  a c l a s s  

o f  t e r p e n o id  com pounds, w h ich  p o s s e s s e s  th e  f u n c t io n a l  group o f  l a c t o n e  

( c y c l i c  k e to  e s t e r ) .

T e r p e n o id s  r e f e r  to  t h e  grou p  o f  n a t u r a l  p r o d u c ts  w hich  a r e  

d e r iv e d  b i o s y n t h e t i c a l l y  from  t h e  5 -c a r b o n  com pound, i s o p e n t e n y l  

p y r o p h o sp h a te  w h ich  i s  a l s o  known a s  " a c t iv a t e d  is o p r e n e " .  I s o p r e n o id  

com pounds a r e  a l s o  r e f e r r e d  t o  a s  " te r p e n e s"  or  " te r p e n o id s "  ( 6 3 , 7 7 ) .
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T a b le  2. N a tu r a l  p ro d u c ts  form ed from  iso D re n e  u n i t s .

C la s s
Number o f
I s o p re n e
U n its

O c c u rre n ce

H em ite rp en e  ( c , - ) 1 I s o p r e n e ,  e m i t te d  by th e  le a v e s  
o f d i f f e r e n t  s p e c ie s  o f  h ig h e r  
p l a n t s .

M o n o terp en es (c^g ) 2 C o n s t i tu e n ts  o f  v o l a t i l e  o i l s ,  
i r i d o i d  s u b s ta n c e s .

S e s q u i te r p e n e s  (c^ç.) 3 C o n s t i tu e n t s  o f  v o l a t i l e  o i l s  
and r e s i n s .

D ite rp e n e s  (C2 q) 4 C o n s t i tu e n t s  o f  v o l a t i l e  o i l s  
and r e s i n s ,  p h y t o l ,  v i ta m in  A.

T r i t e r p e n e s  (c^g ) 6 S q u a le n e , s t e r o i d s ,  p e n ta c y c l i c  
t r i t e r p e n e s .

T e t r a te r p e n e s  (c^g ) 8 C a ro te n e s ,  x a n th o p h y l l s .
P o ly te r p e n e s  ( c , - ) ท R u b b er, g u t t a - p e r c h a ,  b a l a t a
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Î H3
ch2= c- ch=ch2

I s o p e n te n y .l  P y ro p h o sp h a te I so p r e n e

T e rp e n o id s  o r  i s o p r e n o id  compounds a r e  c l a s s i f i e d  a c c o rd in g  tO ' 
th e  num ber o f  i s o p r e n e  u n i t s  c o n ta in e d  i n  t h e i r  m o le c u le s  in to  

m o n o te rp e n e s , s e s q u i t e r p e n e s ,  d i t e r p e n e s  e t c .  T a b le  2 .  i l l u s t r a t e s  
th e  v a r i e t y  o f  n a t u r a l  p r o d u c ts  form ed from  is o p re n e  u n i t s .

S e s q u i te r p e n e  l a c to n e s  a r e  c o l o r l e s s ,  b i t t e r ,  r e l a t i v e l y  
s t a b l e ,  l y p o p h i l i c  c o n s t i t u n e t s  w hich  a r e  b i o g e n e t i c a l l y  d e r iv e d  
from  t r a n s - t r a n s  f a r n e s y l  p y ro p h o s p h a te  fo l lo w in g  an  i n i t i a l  
c y c l i s a t i o n  and su b s e q u e n t o x id a t iv e  m o d i f ic a t io n s  (58) .

3 .2  C l a s s i f i c a t i o n  o f  S e s q u i te r p e n e  L a c to n e s

T h e ir  c l a s s i f i c a t i o n  i s  b a se d  on t h e i r  c a r b o c y c l ic  s k e le to n  
in  w h ich  th e  s u f f i x  " o l id e "  r e f e r s  to  th e  l a c t o n i c  f u n c t io n .  In  
s e s q u i t e r p e n e  l a c to n e s  form ed by o x id a t io n  o f th e  "h ead "  m e th y l g ro u p  
o f  f a r n e s o l ,  th e  l a c t o n i c  f u n c t io n  commonly r e p r e s e n t s  an  a -m e th y le n e  
y - l a c to n e  m o ie ty  Q ) , o r  a b io m o d if ie d  f u n c t i o n a l i t y  d e r iv e d  from  (_1_) 
(6 4 ) .
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( 1 )

The m a jo r i t y  o f s e s q u i t e r p e n e  la c to n e s  b e lo n g s  to  t h i s  
c a te g o r y  w hich  can  b e  c o n s id e re d  b io g e n e t i c  d e r i v a t i v e s  o f th e  l a r g e s t  
c l a s s ,  th e  g e rm a c ra n o l id e s  (2^). The p r e s e n t ly  known s t r u c t u r a l  c l a s s e s  
and names o f th e  v a r io u s  c a r b o c y c l ic  r i n g  sy stem s a r e  shown i n  F ig u re  
2 . 1 2  and th e  presum ed  b io g e n e t i c  r e l a t i o n s h i p s  a r e  i n d i c a t e d  by a rro w s 
( 6 4 ) .  S t r u c t u r a l  m o d i f i c a t io n s  o f th e  b a s ic  te rp e n e  s k e le to n  in v o lv e  
th e  in c o r p o r a t io n  o f  an  e p o x id e  r i n g ,  h y d ro x y l g ro u p s  ( g e n e r a l ly  
e s t e r i f i e d )  and o r  a 5 -c a rb o n  a c i d ,  su ch  a s  t i g l i c  o r  a n g e l i c  a c id .
Some s e s q u i t e r p e n e  la c to n e s  a l s o  c o n ta in  c o v a le n t ly  bond h a lo g e n  
a to m s. The a ,6 - u n s a tu r a t e d  la c to n e  i s  e i t h e r  o i s -  o r  t r a n s - f u s e d  
to  th e  Cg-C  ̂ o r  Cg-C^ p o s i t i o n s  o f  th e  c a r b o c y c l ic  s k e le to n ,  f o r  th e  
s a k e  o f  s i m p l i c i t y ,  o n ly  th e  7 , 6 - l a c to n iz e d  ty p e s  a r e  p r e s e n te d  i n  
F ig u r e  2 .1 2  (5 8 , 6 4 ) .

O th e r m in o r g ro u p s  o f  s e s q u i te r p e n e  l a c t o n e s ,  a r e  form ed hy 
b i o s y n t h e t i c  r o u te s  d i s t i n c t l y  d i f f e r e n t  from  th e  above s k e l e t a l  
ty p e s  (6 4 ) .

The g e rm a c ra n o l id e s  r e p r e s e n t  th e  l a r g e s t  g roup  o f s e s q u i t e r p e n e  
l a c to n e s  w ith  n e a r ly  300 known n a t u r a l l y  o c c u r r in g  m em bers. R ecen t 
r e c o g n i t i o n  of c o n f i g u r a t i o n a l l y  is o m e r ic  g e rm a c ra n o l id e s  h a s  le d  to  
a r e c l a s s i f i c a t i o n  i n t o  f o u r  su b g ro u p s  w hich a r e  c h a r a c t e r i z e d  by a 
c y c lo d e c a d ie n e  s k e le to n  w ith  d o u b le  bonds in  th e  C -1 .1 0 -a n d  C -4 .5 -
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Bakkenoüde (6) 
(Fulcinanolkié)

F ig u re  2 .1 2  Types and b io g e n e t i c  r e l a t i o n s h i p s  of
g e r m a c r a n o l i d e - d e r i v e d  s e s q u i t e r p e n e s
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p o s i t i o n s  a s  shown in  F ig u re  2 .1 3 . Among th e  fo u r  s u b g ro u p s , th e  
m a jo r i t y  i s  g e rm a c ro l id e  ty p e  (6 4 ) .

S t r u c tu r e s  o f  some s e s a u i t e r p e n e  l a c to n e s  i s o l a t e d  from  v a r io u s  
s p e c ie s  o f th e  genus M ic h e lia  ( M agnol i a c e a e j  w ere shown in  F ig u re  2 .1 4 .

F ig u re  2 ,1 3  C o n f ig u r a t io n a l  ty p e s  o f g e rm a c ra n o l id e s .

3 .3  D i s t r i b u t i o n  o f  S e s q u i te rp e n e  la c to n e s

An in d i v i d u a l  p l a n t  s p e c ie s  g e n e r a l ly  y i e l d s  o n ly  one s k e l e t a l  
ty p e ,  w i th  o x id a t iv e  v a r i a t i o n s  on t h a t  s k e le to n .  In  g e n e ra  h a v in g  
w id e - ra n g in g  g e o g ra p h ic a l  d i s t r i b u t i o n s ,  a g iv e n  s p e c ie s  may e x h i b i t  

c o n s id e r a b le  i n f r a s p e c i f i c  v a r i a t i o n  in  i t s  s e s q u i te r p e n e  la c to n e  
s t r u c t u r e s .  For exam ple , th e  weedy a n n u a l ,  A m brosia c o n f e r t i f l o r a  
e l a b o r a t e s  a s  many a s  fo u r  d i f f e r e n t  s e s q u i te r p e n e  l a c to n e - ty p e s  i n  
p o p u la t io n s  d e r iv e d  from  M axico and c e n t r a l  T ex as . The h ig h e s t  
c o n c e n t r a t io n  o f  l a c to n e s  i s  fo u n d  in  th e  le a v e s  and f lo w e r in g  h ead s 
( p h y l l a r i e s ) . L a r g e  a m o u n t s  a r e  s t o r e d  i n  g l a n d u l a r  t r i c h o m e s  o f  

th e  u p p e r  l e a f  s u r f a c e ,  p h y l l a r i e s  and a c h en es  o f P arthenium
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h y s te ro p h o ru s  ( 5 8 ) .  The p e rc e n ta g e  of l a c to n e s  o b ta in e d  can  v a ry  
q u a n t i t a t i v e l y  in  a g iv e n  s p e c ie s  from  0 .0 0 1 -5  % , d ry  w e ig h t .  In  
ta x a  o f  A r te m is ia ,  th e  la c to n e  c o n te n t  may v a ry  from  w in te r n to  summer 
( 6 0 ) .  L a c to n e s  a r e  r a r e l y  found in  stem s and r o o t s  b u t e u d e sm a n o lid e s  
h av e  b een  r e p o r te d  from  th e  r o o t s  o f L ir io d e n d ro n  t u l i p i f e r a  
(M a g n o lia c e a e ) (6 1 ) .  and from  th e  b a rk  o f num erous B r a z i l i a n  s p e c ie s  
o f  Erem anthus (C om positae ) (6 2 ) .

S e s q u i te r p e n e  L a c to n e s  a r e  common c o n s t i t u e n t s  o f m ost g e n e ra  
o f  th e  C om positae  w ith  th e  e x c e p t io n  o f th e  e v o lu t io n a r y  "ad v an ced "  
t r i b e ,  th e  T a g e te a e . They have b een  r e p o r te d  to  o c c u r  s p o r a d i c a l l y  in  
g e n e ra  o f  th e  U m b e l l i f e r a e ,  M a g n o lia c e a e , L a u ra c e a e , W in te ra c e a e , 
I l l i c i a c e a e ,  A r i s to lo c h ia c e a e ,  M en isp erm aceae , C o r t i a r i a c e a e ,  A can- 
th a c e a e ,  B u r s e re a e ,  H e p a t ic a e ,  A m aran thaceae and C a n n e lla c e a e . 
E u d e sm a n o lid e s , s i m i l a r  to  th o s e  found  i n  g enus In u la  (C o m p o s ita e ) , 
a r e  a l s o  p r e s e n t  i n  th e  l i v e r w o r t s  (H e p a tic a e )  F r u lla n ia  d i la ta tO y  
F. ta m a r is c i  and D iplophylum  a lb ic a n s  (58 , 5 9 ) .
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( G e r a a c r o l id e  Type) 1 1 ,1 3 -D e h y d ro la n u g in o lid e ; R^=a-OAc,

R 2 = R 3 = H

(G e rm a c ro lid e  Type)

D ih y d r o p a r th e n o l id e ;
R1=R2=R3=R4=H

Lanuginolide; R^=R2=R^=H, R3=a-OAc 

(G e rm a c ro lid e  Type)

Q H

R eynosin
(E udesm ano lide  Type)

M ic h e l io l id e  
(G u a ia n o lid e  Type)

F ig u r e  2 .1 4  S t r u c t u r e s  o f some

C o m p ressan o lid e  
(G u a ia n o lid e  Type)

s e s q u i te r p e n e  l a c to n e s  i s o l a t e d  from
MicheZZa sp p .
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3 .4  B io s y n th e s is  o f S e s q u i te rp e n e  L a c to n e s

T h ere  i s  g e n e r a l  a c c e p ta n c e  o f  th e  v iew  t h a t  te rp e n o id  
com pounds, from  te r p e n e  to  p o ly te r p e n e  and s t e r o i d s ,  a r e  th e  end 
p r o d u c ts  o f a m e ta b o l ic  pathw ay  t h a t  can  be d e s c r ib e d  in  th e  f o l lo w in g  
g e n e r a l  te rm s ะ

a c e t a t e  — ►  m e v a lo n a te  — *■  i s o p e n te n y l  p y ro p h o sp h a te  
——►  g e ra n y l  p y ro p h o sp h a te  — ►  f a r n e s y l  p y ro p h o sp h a te  
----- ►  (c^ )  ̂  com pounds.

B io s y n th e s is  o f s e s q u i t e r p e n o id s  in v o lv e s  m o d i f ic a t io n  a n d /o r  
c y c l i s a t i o n  o f  p y ro p h o sp h a te  e s t e r s  o f  trans, trans-f a r n e s o l ,  c i s , 
t r a n s - f a r n e s o l  o r  n e r o l i d o l  (6 4 , 65 , 66)

T h e r e f o r e ,  th e  p ro p o se d  b i o s y n t h e t i c  pa thw ays o f  s e s q u i te r p e n e  
l a c to n e s  a r e  in v o lv e d  th e  f o l lo w in g  s t e p s  ะ

3 .4 .1  C o n v e rs io n  o f  A cety l-C oA  to  A c e to a c e ty l-C o A .

A ce to a c e ty l-C o A  t h i o l a s e  c a t a ly z e s  th e  c o n d e n s a t io n  
o f  two m o le c u le s  o f  a c e ty l-C o A  to  form  A ce to ace ty l-G o A  (6 7 ) .

2H^C-C-SCoA --------- ►  H3C-C-CH2-C-SCoA + CoASH

A cety l-C oA  A c e to ace ty l-C o A

3 .4 .2  C o n v e rs io n  o f A ce to a c e ty l-C o A  to  g-H ydroxy-B - 
M e th y lg lu ta ry l-C o A  (HMG-CoA)

g -H y d ro x y -B -m e th y lg lu ta ry l-C o A  s y n th a s e  c a t a ly z e s  th e  
c o n d e n s a t io n  o f  a c e to a c e ty l-C o A  w ith  a c e ty l-C o A  to  form  HMG-CoA (6 8 ) .
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0 0 0
H-jC-è-SCoA + H-jC-ê-C^-C-SCoA + h20 ----------►

A cety l-C oA  A ce to ace ty l-C o A
'  9H3 ?HOOC-CH -C-CH -C-SCoA + CoA 2 1 2

OH
HMG- CoA

3 .4 .3  C o n v e rs io n  o f  HMG-CoA to  M evalon ic  A cid

B -H y d ro x y -6 -m e th y lg lu ta ry l  coenzyme A r e d u c ta s e  
c a t a l y z e s  th e  r e d u c t io n  o f  D-HMG-CoA by NADPH to  form  m ev a lo n ic  
a c id  (69) .

S-CoA/c
HO

\
H S-CoA
1 /c

HO
\

H H 
1 /  cj

CH_ -----
1

— ► CH -----
1 z

— ►
c -  ch3 HO - ç - ch3 HO - ç - ch3
CH COOH ch2cooh ch2cooh

HMG CoA M evalon ic  a c id

The tw o -s te p  r e d u c t io n  o f HMG-CoA to  m e v a lo n ic  a c i d .  
M e v a ld ic  h e m i th io a c e ta l  i s  th e  in te r m e d ia te  form ed in  t h i s  r e a c t i o n .

3 .4 .4  C o n v e rs io n  o f  M ev alo n ic  A cid to  I s o p e n te n y l  
P y ro p h o sp h a te  (IPP  )

The fo rm a tio n  o f  IPP from  m e v a lo n a te  in v o lv e s  
two c o n s e c u t iv e  p h o s p h o r y la t io n s  a t  p o s i t i o n  5 to  form  m e v a lo n ic  a c id  
p y ro p h o s p h a te .  One m ole o f ATP i s  r e q u ir e d  f o r  e a c h  p h o s p h o ry la t io n
r e a c t i o n .  I s o p e n te n y l  p y ro p h o sp h a te  i s  o b ta in e d  from  m ev a lo n ic  a c id
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p y ro p h o s p h a te  by d e c a r b o x y la t io n  and e l im in a t io n  o f a m o le c u le  o f  w a te r .  
The r e a c t i o n  r e q u i r e s  th e  p re s e n c e  o f  ATP and r e s u l t s  in  th e  p r o d u c t io n  
o f  ADP and in o r g a n ic  p h o s p h a te .  The e x a c t  m echanism  o f  t h i s  r e a c t i o n  
i s  unknown (7 0 , 7 7 ) .

s t e p s

M ev a lo n ic  a c idCOOH
p y ro p h o sp h a te

OPP

I s o p e n te n y l  P y ro p h o sp h a te

(IPP)

The o v e r a l l  r e a c t i o n s  f o r  th e  c o n v e rs io n  o f ac e ty l-C o A  to  
i s o p e n te n y l  p y ro p h o sp h a te  w ere p e rfo rm e d  in  th e  F ig . 2 .1 5  (7 7 ) .

The b io s y n th e s i s  o f i s o p e n te n y l  p y ro p h o sp h a te  i s  w id e sp re a d  
i n  l i v i n g  o rg an ism s su ch  a s  b a c t e r i a ,  y e a s t ,  h ig h e r  p l a n t s  and mammals 
and i t  i s  t h i s  compound t h a t  i s  c o n v e r te d  e n z y m a t ic a l ly  to  th e  w ide 
v a r i e t y  o f p o ly is o p r e n o id  compounds (7 0 ) .
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CHj 0
CHÿ—CO~CoA -----— Y  CO~CoA

CHj
Acetyl CoA Acetoacetyl CoA

CH3 CH
HOOC^ N : / CÜ~CoA

c A .
CONHp 3-Hydroiy-3- mettiylglutoryl CoA

CHj OH H
HOOC Y  C

\ ç < >
Mevaldic acid

CH, OH H H CHj OH H H
; Y  V  -Ü Ü - HOOC .(ะ'' Y "
V  A  X0 -H \  / /  VCHj ;ร อ\ . O—P

Mevalonic acid
H H

Mevalonic acid phosphate

CHj OH H SH
HOOC. Y 7  V AT P

\  /  \  /■  \  -แ*°ch2 y  O— PP
V  XH

H,ç H H
l  Y

H - f f  \  PPV 'h
Mevalonic acid pyrophosphate Isopentenyl pyrophosphate

F ig u re  2 .1 5  B io s y n th e s i s  o f  i s o p e n te n y l  p y ro p h o sp h a te  from  a c e t y l

CoA.

3 .4 .5  I s o m e r iz a t io n  o f  I s o p e n te n y l  P y ro p h o sp h a te  (IP P )
to  D im e th y la l ly l  P y ro p h o sp h a te  (DPP) (7 2 ) .

IPP DPP

3 .4 .6  F o rm a tio n  o f g e ra n y l  P y ro p h o sp h a te  (GPP) from  
I s o p e n te n y l  P y ro p h o sp h a te  (IPP) and D im e th y lc e l ly l  P y ro p h o sp h a te  
(DPP). (7 2 ) .
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OPP
IPP

OPP

DPP

G e ra n y l P y ro p h o sp h a te  
(GPP)

3 .4 .7  F o rm a tio n  o f  F a r n e s y l  P y ro p h o sp h a te  from  G e ra n y l 
P y ro p h o sp h a te  (GPP) and I s o p e n te n y l  P y ro p h o sp h a te  ( IP P .)  (7 2 ) .

t r a n s - f a r n e s y l  p y ro p h o s p h a te

B oth  c i s -a n d  t r a n s - f a r n e s y l  p y ro p h o sp h a te  a r e  th e  p r e c u r s o r s  
o f s e s q u i t e r p e n o id  compounds w ith  d i f f e r e n t  c a r b o n - s k e l e t a l  ty p e s .
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3 . A .8 F o rm a tio n  o f  G erm acrad ien e  and th e  L a c to n e  Ring

As o u t l in e d  in  F ig .  2 .1 6 ,  c y c l i z a t i o n  o f t v a n s ,
t r a n s - f a r n e s y l  p y ro p h o sp h a te  (15) r e s u l t  i n  th e  t v a n s ,  t v a n s -  
g e rm a c ra d ie n e  in te r m e d ia te  (16) w hich by en zy m atic  o x id a t iv e  
m o d i f i c a t io n s  p ro v id e s  th e  g e rm a c ra n o l id e s  r e p r e s e n te d  by i t s  
s im p le s t  member, c o s tu n o l id e  (1 7 ) .  From th e  g e rm a c ra d ie n e  th e  
d i f f e r e n t  o th e r  s k e l e t a l  ty p e s  of s e s q u i te r p e n e  l a c to n e s  shown in  
F ig .  2 .1 2  can  b e  d e r iv e d  (6 4 , 6 5 ) .

(15); trails.trans- 
farnesyl pyrophosphate (16)

(๐1

various skeletal types 
of sesquiterpene lactones

o
(17) costunolide

F ig u re  2 .1 6  B io g e n e s is  o f th e  g e rm a c ra n o lid e  s k e le to n .
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Two p o s s ib l e  b io g e n e t i c  r o u te s  have  b een  s u g g e s te d  
f o r  th e  fo rm a tio n  o f  th e  la c to n e  r in g  o f th e s e  s e s q u i t e r p e n o i d s .
The v a r io u s  schem es o f fo rm a tio n  o f th e  a , B -u n s a tu ra te d  y - l a c to n e  
o f  ty p e  (j.) have b een  d is c u s s e d  by G eissm an and H e rz . P o s s ib l e  s t e p s  
in v o lv e d  th e  b io g e n e s i s  o f c o s tu n o l id e  ( n )  and in u n o l id e  (24) a r e  
o u t l i n e d  in  F ig .  2 .1 7 . The o v e r a l l  p r o c e s s  r e q u i r e s  o x id a t iv e  
m o d i f i c a t io n s  a t  C-12 amd C-6 o r  C -8 , r e s p e c t i v e l y  (6 4 ) .

One h y p o t h e t i c a l  in te r m e d ia te  en  r o u te  from  
c a t i o n  (16) to  l a c to n e  (17) and (24) i s  g e rm acren e  A (1 8 ) ,  a 
n a t u r a l l y  o c c u r r in g  h y d ro c a rb o n  in  w hich  a l l  n o n - o l e f i n i c  c a rb o n s  
a r e  a l l y l l i c a l l y  a c t i v a t e d  f o r  h y d r o x y la t io n  e x c e p t  C -8 . I n t r o d u c t io n  
o f  an  oxygen f u n c t io n  a t  C-12 i n  (18) to  g iv e  a lc o h o l  (21) c o u ld  
e i t h e r  p ro c e e d  v i a  ep o x id e  in te r m e d ia te  (19) o r c o u ld  in v o lv e  th e  
h y d ro p e ro x id e  (2 0 ) ,  th e  l a t t e r  b e in g  form ed hy an  e n z y m a t ic a l ly -  
m e d ia te d  r e a c t i o n  m im ick ing  th e  r e a c t i o n  o f s i n g l e t  oxygen w ith , 
o l e f i n s .  In  e i t h e r  c a s e  th e  p r o c e s s  in v o lv e s  m ig r a t io n  o f  a d o u b le  
bond from  w hat was o r i g i n a l l y  C - l l ,  C-13 to  C - l l ,  C -12 . F u r th e r  
o x id a t iv e  m o d i f ic a t io n s  o f (21) v i a  a ld e h y d e  (22) , a c id  C23) and 
h y d r o x y la t io n  a t  C-6 o r  C-8 w ould a f t e r  l a c t o n i z a t i o n  g iv e  c o s tu n o l id e  
(17) o r  in u n o l id e  (2 4 ) ,  r e s p e c t i v e l y .  A lth o u g h , th e  q u e s t io n  
r e g a r d in g  th e  seq u en ce  o f o x id a t io n s  and th e  d e t a i l e d  m echanism  
re m a in s  o p en , th e  g e n e r a l  r o u te s  o u t l i n e d  in  F ig .  2 .1 7  a p p e a r  
r e a s o n a b le ,  s in c e  s e s q u i t e r p e n e s  w ith  o x id a t io n  p a t t e r n s  o f  th e  
i s o p r o p e n y l  s id e  c h a in  in d ic a t e d  in  (21) to  (23) o c c a s io n a l ly  
accom pany th e  l a c t o n i c  p l a n t  c o n s t i t u e n t s  (6 4 ) .
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F ig u re  2 .1 7  B io g e n e s is  o f th e  la c to n e  r in g
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G erm acrene B (25) i s  a p o s s ib l e  p r e c u r s o r  i n  
l a c to n e  b i o s y n t h e s i s ,  s in c e  C-8 h y d ro x y la t io n  in  a s e s q u i t e r p e n e  
l a c to n e  p r e c u r s o r  o f  ty p e  (25) would now be fa v o re d  due to  a l l y l i c  
a c t i v a t i o n  o f  C -8.

(25)

F u r th e rm o re , C-6 in  (25) r e p r e s e n t s  a  d o u b ly  a l l y l i c  
c a rb o n  c e n te r  f a v o r in g  h y d r o x y lâ t io n  a t  t h i s  p o s i t i o n  o v e r a l l  o th e r  
a l l y l i c  c a rb o n s . T h is  c o u ld  p o s s i b l y  be th e  r e a s o n  f o r .  p re d o m in a n t 
fo rm a tio n  o f  C -6 -o x y g e n a te d  s e s q u i t e r p e n o id s  (6 4 ) .

S e s q u i te r p e n e  l a c to n e s  of ty p e  (27) commonly c o o c c u r 
w i th  and a r e  d e r iv e d  from  f u r a n o s e s q u i te r p e n e s  (26) by a u to x id a t io n  
s u g g e s t in g  t h a t  th e  l a c to n e s  a r e  a l s o  b i o g e n e t i c a l l y  d e r iv e d  from  
th e  f u r a n  r in g  a s  shown in  F ig .  2 .1 8 .

F ig u re  2 .1 8  B io g e n e s is  o f  th e  l a c to n e  r in g  v ia  f u r a n o s e s q u i t e r p e n e s .  

3 .5  B io lo g ic a l  A c t i v i t i e s  o f  S e s q u i te rp e n e  L a c to n e s

S e s q u i te rp e n e  l a c to n e s  a r e  a g roup  o f  n a t u r a l  p r o d u c ts  
w h ich  e x h i b i t  v a r io u s  i n t e r e s t i n g  b i o l o g i c a l  a c t i v i t i e s  w hich  w i l l
be d e s c r ib e d  f u r t h e r .
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3 .5 .1  A n ti- tu m o r  and C y to to x ic  A c t i v i t y

In  a re v ie w  o f a c t i n e o p l a s t i c  a g e n ts  from  p l a n t s ,  o v e r  50 
s e s q u i t e r p e n e s  w ere  e v a lu a te d  f o r  t h e i r  g r o w th - in h ib i to r y  p o t e n t i a l  
a g a i n s t  num erous tum or m o d e ls . I t  was found t h a t  a l l  th e  known 
c y to to x ic  s e s q u i t e r p e n e s  c o n ta in e d  a l a c to n e  f u n c t i o n ;  a l l  b u t  one was 
a , 8 - u n s a tu r a te d  and th e  a - e t h y l e n i c  l in k a g e  was e x o c y c l ic  i n  e v e ry  
c a s e  (5 8 ) .

In  a f u r t h e r  s tu d y  o f  th e  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  
among s e s q u i t e r p e n e  l a c t o n e s ,  i t  was n o te d  t h a t  th e  p r e s e n c e  o f a C ^ J- 

e x o c y c l ic  d o u b le  bond c o n ju g a te d  to  y - l a c t o n e  was e s s e n t i a l  f o r  
c y t o t o x i c i t y  ( F ig .  2 .1 9 ) .  F u r th e rm o re , i t  h a s  been  shwon t h a t ,  in  
c o n t r a s t  to  a - m e th y le n e - y - l a c to n e s , w h ich  r e a c t  r a p i d l y  w ith  c y s t e in e  
to  form  s t a b l e  a d d u c ts ,  e n d o c y c l ic  a , g - u n s a t u r a t e d - y - l a c t o n e s  r e a c t  
s lo w ly  w i th  c y c t e i n e ,  to  form  u n s t a b l e  a d d u c ts .  T hese  m arked c h e m ic a l 
d i f f e r e n c e  c o u p le d  w ith  th e  f a c t  t h a t  e l e p h a n to p in - b i s  ( c y c te in e )  a d d u c t ,  
w h ich  c o n ta in s  an  e n d o c y c l ic  - l a c t o n e ,  i s  i n a c t i v e  le d  US to
b e l i e v e  t h a t  th e  e n d o c y c l ic  l a c to n e  d o es  n o t  c o n t r i b u t e  s i g n i f i c a n t l y  
to  th e  c y to to x ic  a c t i v i t y  o f  th e  p a r e n t  com pound, e le p h a n to p in  (5 8 , 7 3 ) .

In  a r e c e n t  s tu d y  o f  b a k k e n o l id e s  from  F e t a s i t e s  a lb a J p . 
fv a g r a n s  and p . h y b r id u s 3 i t  was n o te d  t h a t  b a k k e n o lid e -A  ( F ig .  2 .2 0 )  
a g - m e th y le n e - y - la c to n e  (w hich  d o es  n o t  have  an  0=0- 0=0แ 2 sy s tem ) gave 
r e s u l t s  a g a i n s t  c e l l s  d e r iv e d  from  human c a rc in o m a  (H. E p -2 , T a b le  3) 
s i m i l a r  to  t h a t  r e p o r te d  f o r . 'o t h e r  s e s q u i t e r p e n e  l a c t o n e s .  T h is  r e c e n t  
f i n d in g  s u g g e s t s  t h a t  o th e r  s t r u c t u r a l  p a ra m e te rs  m ust b e  ta k e n  in to  
c o n s i d e r a t i o n  when e v a lu a t in g  th e  c y to to x ic  p o t e n t i a l  o f  s e s q u i t e r p e n e  
l a c to n e s  and a b s o lu t e  p u r i t y  o f  t e s t  sam p les  i s  o b v io u s ly  a p r e r e q u i s i t e
f o r  p r e c i s e  s tu d y .
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F i g u r e  2 . 1 9 a - M e th y le n e - y - la c to n e ,  a m ajo r f u n c t io n a l  g roup  f o r  
b i o l o g i c a l  a c t i v i t y  in  d iv e r s e  compounds

Gcrmocronolidts

o-co
Parthenon de

Encelln
Guoionollde*

Euoochlorln ocrtate 
Bokkenotlde*

Bakk«nolide-A

F ig u re  2 .2 0  S t r u c t u r e s  o f  s e s q u i t e r p e n e  l a c to n e s  e x h ib i te d
a n t i t u m o r  a c t i v i t y
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T a b le  3 in c lu d e s  th o s e  s e s q u i t e r p e n e  l a c t o n e s  t h a t  e x h i b i t  
a n t i tu m o r  a c t i v i t y .  As n o te d  by num erous w o rk e rs ,  th e  s t r u c t u r e s  and 
r e a c t i v i t i e s  o f th e s e  s e s q u i t e r p e n e  l a c to n e s  (F ig .  2 .2 0 )  may b e  
a s s o c i a t e d  w ith  s e l e c t i v e  a l k y l a t i o n  o f n u c l e o p h i l i c  g ro u p s  in  enzym es 
(e g . s u lp h y d r y l  enzym es) w h ich  c o n t r o l  c e l l  d i v i s i o n .  V e r n o le p in ,  a 
e u d e s m a n o lid e , h a s  b e e n  shown to  i n h i b i t  p h o s p h o f r u c to k in a s e , an  
enzyme w h ich  h a s  many -SH g roup  ( 5 8 ) .

3 .5 .2  M ic r o b ia l  g r o w t h - i n h i b i t o r s  ( a n t i b i o t i c s )

Some s e s q u i t e r p e n e  l a c to n e s  have  b een  shown to  p o s s e s s  
a n t i b a c t e r i a l ,  a n t i f u n g a l  o r  a n th e lm in t i c  p r o p e r t i e s .  The germ acrar- 
n o l i d e s ,  m ik a n o lid e  and d ih y d ro m ik a n o lid e  ( F ig .  2 .2 1 )  from  M ika n ia  
m o n a g a se n s is  i n h i b i t  th e  g ro w th  in  c u l t u r e  o f a b a c te r iu m , 
S ta p h y lo c o c c u s  a u re u s  and a l s o  o f  a y e a s t ,  C andida a l b i c a n s . H e le n a lin *  
a h e le n a n o l id e  common in  s p e c ie s  o f  H elen iu m , was shown to  e x h i b i t  
a c t i v i t y  a g a i n s t  th e  human p a th o g e n ic  f u n g i ,  T r ic h o p h y to n  m e n ta g r o p h y te s 3 
T. a c r im in a tu m  and E p id erm o p h y to n  sp . P a r th e n in ,  th e  m a jo r  l a c to n e  from

MiKonolide

F ig u r e  2 .2 1  S t r u c t u r e s  o f  a n t i m i c r o b i a l  s e s q u i t e r p e n e  l a c to n e s
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P a rth e n iu m  h u s te r o p h o r u s  was r e p o r te d  to  i n h i b i t  s p o r a n g ia l  g e rm ian n a ­
t i o n  and z o o sp o re  m o b i l i ty  in  S c le r o s p c r a  g r a m in ic o la ; such  a c t i v i t y  
a g a i n s t  th e  c o n i d i a l  d ev e lo p m en t of A s p e r g i l l u s  f l a v u s  was la c k in g  (5 8 ) .

3 .5 .3  C hem o p ro p h y lax is  by  la c to n e s  in  s c h is to s o m ia s e s

The wood o i l s  o f th e  B r a z i l i a n  t r e e s ,  E rem anthus e la e g n u S j  
V a n il lo s m o p s is  e ry th ro p a p p a  and M osquinea v e l u t i v a  (C o m p o sitae ) 
c o n ta in  l a c to n e s  t h a t  i n h i b i t  s k in  p e n e t r a t i o n  by c e r c a r i a e  o f  th e  
t r e m a to d e ,  S c h is to s o m a  m anson i. A n a ly s is  o f th e  wood o i l s  in d ic a te d  
t h a t  th e  s e s q u i t e r p e n e  l a c t o n e s ,  e re m a n th in e , c o s tu n o l id e  and B- 
c y c lo c o s tu n o l id e  (F ig  2 .2 2 ) w ere th e  a c t i v e  p r i n c i p l e s .  D ih y d ro -a -  
c y c lo c o s tu n o l id e  w h ich  la c k s  an  e x o c y c l ic  m e th y le n e  g roup  on th e  
l a c to n e  r in g  was fo und  to  b e  i n a c t i v e  (6 2 ) .

R e c e n tly  a n o v e l g e rm a c ra n o l id e ,  g o y a z e n o lid e ,  i s o l a t e d  
from  E rem anthus g o y a z e n s is  was a l s o  shown to  have s c h i s to s o m ic id a l  
p r o p e r t i e s  ( 7 4 ) .  I t  was s u g g e s te d  t h a t  th e  a c t i v i t y  o f  th e  
s c h i s to s o m ic id a l  l a c to n e s  may be r e l a t e d  i n h i b i t i o n  o f  s u lp h y d ry l  
g ro u p s  in  c e r c a r i a l  enzym es (5 8 ) .

Goyorenolide

F ig u r e  2 .2 2  S t r u c t u r e s  o f  s e s q u i t e r p e n e  l a c to n e s  e x h ib i t e d
s c h i s to s o m ic id a l  a c t i v i t y
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3 .5 .4  A l l e r g i c  c o n ta c t  d e r m a t i t i s  i n  man.

S e s q u i te rp e n e  l a c to n e s  from  s p e c ie s  o f th e  C o m p o sitae , 
L a u ra c e a e  and M ag n o lia c e a e  and from  th e  l i v e r w o r t ,  F r u l la n ia  
( J u b u la c e a e )  h ave  been  shown to  be a m a jo r c l a s s  o f a l l e r g e n s  c a u s in g  
a l l e r g i c  c o n ta c t  d e r m a t i t i s  i n  hum ans. Over 80 s e s q u i t e r p e n e  l a c to n e s  
w ere  u sed  in  p a tc h  t e s t  to  d e te rm in e  t h e i r  a l l e r g e n i c  p o t e n t i a l ,  and 
th e  p re s e n c e  o f  an  a -m e th y le n e  group, e x o c y c l ic  to  th e  y l a c t o n e ,  was 
shown to  be th e  p r i n c i p a l  im m unochem ical r e q u i s i t e  f o r  th e  p ro d u c t io n  
o f  d e r m a t i t i s .  One o f  th e  a l l e r g e n i c  l a c to n e s  t e s t e d  was th e  
p s e u d o g u ia n o l id e ,  p a r th e n in  (F ig  2 .2 1 ) ,  th e  m a jo r a l l e r g e n  i n  P a rth en iu m  
h y s te r o p h o r u s  (5 8 ) .

A l l  th e  known a l l e r g i c  s e s q u i te r p e n e  l a c to n e s  c o n ta in  an  
e x o c y c l ic  a -m e th y le n e  f u n c t io n  w hich  may c o n ju g a te  w i th  s u lp h y d r y l  
g ro u p s  o f  p r o t e i n s  i n  c e l l s  by  a  M ic h a e l- ty p e  a d d i t i o n  to  form  c o m p le te  
a n t ig e n s  c a p a b le  o f  p ro d u c in g  c e l l - m e d ia te d  c o n ta c t  a l l e r g i c  r e a c t i o n s  
(58) .

T a b le  4 d e m o n s tra te s  th e  s t r u c t u r e s  o f some s e s q u i t e r p e n e  
l a c to n e s  r e p o r te d  to  c a u se  a l l e r g i c  c o n ta c t  d e r m a t i t i s  i n  hum ans.

3 .5 .5  I n s e c t  f e e d in g  d e t e r r e n t s

E x p e r im e n ta l e v id e n c e  t h a t  s e s q u i te r p e n e  l a c to n e s  p r o v id e  
r e s i s t a n c e  to  i n s e c t  fe e d in g  h a s  b een  d e m o n s tra te d  by a  s tu d y  o f  th e  
C o m positae  and V e m o n ia .  L a rv a l  f e e d in g  e x p e r im e n ts  w ere  c o n d u c te d

on S p o d o p te ra  e r id a n ia 3 ร. f r i g i p e r d a ,  ร . o m i t h o g a l l i  y D ia o r is ia  
V ir g in ia  and T r ic h o p lu s ia  n i  to  d e te rm in e  th e  fe e d in g  p r e f e r e n c e  o f  
th e  6 s p e c ie s  was n o te d  to  th e  p re s e n c e  o f g la u c o l id e -A  ( F i g . 2 .2 3 ) .
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S u p p le m e n tin g  th e  a g a r  medium w ith  g la u c o l id e - A ,  th e  m a jo r  l a c to n e  
in  num orous s p e c ie s  o f  v e m o n ia ,  r e s u l t e d  in  g r e a t l y  re d u c e d  l a r v a l  
f e e d in g ;  f e e d in g  was in v e r s e ly  p r o p o r t io n a l  to  th e  c o n c e n t r a t i o n  o f 
g la u c o l id e - A  i n  th e  medium. I t  was s u g g e s te d  t h a t ,  i n  th e  c o u rs e  o f 
e v o lu t io n ,  th e s e  compounds have b een  s e l e c t e d  q u a n t i t a t i v e l y  and 
q u a l i t a t i v e l y  i n  r e s i s t a n c e  to  h e r b iv o r e  p r e s s u r e  ( 5 8 ) .

F ig u re  2 .2 3  I n s e c t  f e e d in g  d e t e r r e n t  s e s q u i t e r p e n e  l a c to n e

3 .5 .6  V e r te b r a te  p o is o n in g

L iv e s to c k - p o ia o n in g  from  fo r a g in g  on b i t t e r  t a s t i n g  p l a n t s  
o f  th e  c o m p o s ita e  i s  w e l l  docum ented  in  a g r i c u l t u r a l  l i t e r a t u r e .  For 
ex am p le , Hym enoxys o d o r a ta  ( b i t t e r w e e d )  i s  an im p o r ta n t  l i v e s t o c k  
t o x i c a n t  t h a t  a f f e c t s  p r im a ry  sh eep  and g o a t s .  R e c e n t c h e m ic a l s t u d i e s  
on H ym enoxys o d o r a ta  have  shown t h a t  hym enoxin  (F ig  2 .2 4 ) ,  th e  m a jo r 
s e s q u i t e r p e n e  l a c to n e  i n  p o p u la t io n s  o f  H. o d o r a ta  from  T e x a s , i s  
th e  to x in  in v o lv e d  in  th e  d e a th  o f s h e e p .  I t  was s u g g e s te d  t h a t  th e  
s e s q u i t e r p e n e  la c to n e  t o x i c a n t  may a l t e r  th e  m ic r o b ia l  c o m p o s it io n  
o f  th e  rumen and th u s  a f f e c t  v i t a l  m e ta b o l ic  f u n c t io n s  ( 5 8 ) .

Hymenoxin

F ig u r e  2 .2 4  V e r t e b r a t e  p o is o n in g  s e s q u i t e r p e n e  l a c to n e
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3 .5 .7  P la n t-g ro w th  i n h i b i t o r s  (p h y to x in s )

A v a r i e t y  o f  s e s q u i te r p e n e  l a c to n e s  o f  d i f f e r e n t  s k e l e t a l  
ty p e s  h as  been  r e p o r te d  to  show p l a n t  g row th  r e g u la to r y  a c t i v i t y  
( 7 5 ) .  H e l ia n g in e ,  th e  m a jo r g e rm a c ra n o lid e  o f  H e le a n th u s  tu b e r o s u S j  
i n h i b i t s  th e  e lo n g a t io n  o f A vena  c o l e o p t i l e  s e c t i o n s  b u t  p ro m o tes  
a d v e n t i t i o u s  r o o t  fo rm a tio n  o f  P b a se o lu s  c u t t i n g s .  P ro m o tio n  o f  
a d v e n t i t i o u s  r o o t  fo rm a tio n  was re d u c e d  by th e  a d d i t i o n  o f  c y s t e i n e  
o r  by  h y d ro g e n a tio n  o f  th e  e x o c y c l ic  m e th y le n e  g roup  ( 7 5 ) .

An e x a m in a tio n  o f s e s q u i te r p e n e  l a c to n e s  t h a t  e x h i b i t  g ro w th  
i n h i b i t o r y  p r o p e r t i e s  i n d i c a t e d  t h a t  th e  fo l lo w in g  s t r u c t u r a l  
c o n f ig u r a t io n s  a r e  a t  l e a s t  th e  p r i n c i p a l  r e q u ire m e n ts  f o r  b i o l o g i c a l  
a c t i v i t y :

A) th e  p r e s e n c e  o f an  e x o c y c l ic  m e th y le n e  c o n ju g a te d  to  a 
Y - la c to n e ;

b ) th e  p r e s e n c e  o f  a  f u n c t i o n a l  g ro u p , su c h  a s  an epoxide-, 
h y d r o x y l ,  c h lo r o h y d r in ,  u n s a tu r a te d  k e to n e  o r  0- o c t y l  a d ja c e n t  to  
th e  0 -CH2 o f  y - la c to n e  w hich  can  en h an ce  th e  r e a c t i v i t y  o f th e  
c o n ju g a te d  la c to n e  tow ard  b i o l o g i c a l  n u c le o p h i le s  ( 5 8 ,7 5 ) .

As n o te d  p r e v io u s ly ,  th e  i n h i b i t o r y  a c t i o n  o f  s e s q u i t e r p e n e  
l a c to n e s  r e s u l t s  from  th e  p re s e n c e  o f  h ig h ly  e l e c t r o p h i l i c  f u n c t i o n a l  
g ro u p s . T hese s e l e c t i v e l y  a l k y l a t e  by M ic h a e l- ty p e  a d d i t i o n  to  
s u lp h y d r y l  p r o t e i n s ,  s p e c i f i c a l l y  t h i o l  g ro u p s  in  p r e f e r e n c e  to  o th e r  
n u c l e o p h i l e s .

B io lo g ic a l  a c t i v i t y  o f  s e s q u i te r p e n e  l a c to n e s  sh o u ld  be 
s tu d ie d  f u r t h e r  in  o rd e r  to  co m p le te  th e  p re v io u s  in f o r m a t io n .
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T a b le  3 S e s q u i te r p e n e  l a c to n e s  d e m o n s tra te d  to  have  a n t i tu m o r  ' & and c y to to x ic  a c t i v i t y

-f- T u m o r-sy s tem ï
Compound P la n t  s o u rc e a s sa y e d

G e rm a c ra n o lid e s
R id e n t in A r te m is ia  sp . W I/H .EP-2
P a r th e n o l id e
T am au lip in -A > A m brosia  c o n f e r i f l o r a W I/H .EP-2
T am au lip in -B
C h am isso n in  d i a c e t a t e A m brosia  c h a m is so n is KB
E u p acu n in E u p a to riu m  c u n e i fo l iu m KB
L i a t r i n L i a t r i s  s p , KB
E le p h a n to p in ไ

E le p h a n to p u s  e la tu s KB/OS/WM
E le p h a n t in  J
E u p a to l id e E u p a to riu m  form osanum R .EP-2
M o lep h an tin 'l

E le p h a n to v u s  m i n i s
H .EP-2

P h a n to m o lin  J H .EP-2
D e o x y e le p h a n to p in E le p h a n to v u s  c a r o l in ia n u s WI

G u a ia n o lid e s
E u p a c h lo r in  a c e t a t e E upa to riu m  sp . KB
D e a c e to x y m a tr ic a r in A c h i l l e a  la n u lo s a W I/H .E P -2 /พ -18Va2
C anin A r te m is ia  cana W I/H .E P -2 /พ -18Va2
A r te g la s in - A A r te m is ia  d o u g la s ia n a W I/H.EP-2/W -18Va2
Z a lu z a n in -C Z a lu z a n ia  r o b in s o n ia PS

P s e u d o g u a ia n o lid e s
H e le n a l in H elen ium  a u tum na le K B/PS/H .EP-2
H e le n a l in  d e r i v a t i v e s K B /P S/H .E P -2
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T a b le  3 (C o n tin u e )

Compound"*" P la n t  s o u rc e
T um or-system + 

a s sa y e d

A ro m a tic in H elen ium  arom aticum KB
M e x ican in  I H elen ium  m exicanvm KB
P le n o l in B a i le y a  p l e n i r a d ia ta H .EP-2
A u g u s t ib a l in B a ld u in a  a n g u s t i f o l i a H .EP-2
H y m en o flo rin Hymenoxys g r a d i  f l o r a LZ/PS
A m brosin H ym enoclea s a l s o la PS

E udesm ano lide
a - S a n to n in A r te m is ia  sp p . W I/H.EP-2/W -18Va2
V u lg a r in A r te m is ia  v u lg a r i s W I/H.EP-2/W -18Va2
L u d o v ic in A r te m is ia  lu d o v ie ia n a W I/H.EP-2/W -18Va2
E n c e l in  'ไ

E n c e l ia  fa r in o s a
W I/H.EP-2/W -18Va2

F a r in o s in  J W I/H.EP—2/W-18Va 2
V e rn o le p in V e m o n ia  h y m e n o le v s is KB

B a k k e n o lid e s
B ak k en o lid e -A P e t a s i t e s  a lb u s  

p. h y b r id u s  
p . fr a g r a n s

H .EP-2

rCN ote  : S e s q u i te rp e n e  l a c to n e s  known to  be a c t i n e o p l a s t i c  a g e n ts  and
re v iew ed  by H a r tw e ll  and A b b o tt (1969) a r e  n o t  in c lu d e d  in  t h i s  
t a b l e .  4- R e fe r  to  F ig .  2 .2 0  f o r  s t r u c t u r e s .  ^  Code f o r  tum or 
sy s te m  a s s a y e d  f o l l o w s  t h a t  o f  H a r tw e ll  and A b b ott (1 9 6 9 )  ะ H.Ep 

- 2  -Human ep id erm o id  ca rc in o m a  o f  la r y n x ;  KB-Human e p id erm o id  

carc in om a o f  th e  n a so p h a r y n x . C e l l  c u l t u r e s ;
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P S -P -3 8 8  ly m p h o c y tic  le u k e m ia . M ouse; WI- W alker c a rc in o s a rc o m a  256. 
A s c i t e s .  R a t ;  WA- W alker c a rc in o sa rc o m a  256. R a t;  WM- W alker 
c a rc in o s a rc o m a  256 , I n t r a m u s c u la r ;  WI— 38-Human d i p l o i d  f i b r o b l a s t ;

พ - 18 V a2 -S im ian  v i r u s  4 f)-tr a n sfo r m e d  c e l l  o f  human o r i g i n ;  LZ^Leukemia 

L -2 1 0 . Mouse ( s u b c u ta n e o u s ) .
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T a b le  4 Some s e s q u i t e r p e n e  l a c to n e s  r e p o r te d  to  c a u se  a l l e r g i c
c o n ta c t  d e r m a t i t i s  i n  humans (5 8 ) .
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4 . STEROIDS

4 .1  C h e m is try  o f S t e r o id s

S te r o id s  a r e  th e  m ost im p o r ta n t  t e t r a c y c l i c  t r i t e r p e n e s  
o c c u r r in g  in  n a t u r e .  They o r i g i n a t e  from  c y c lo p e n ta n o p e rh y d ro p h e n a n -  
th r e n e  ( s t e r a n e ) , and in  m ost c a s e s  c a r r y  a h y d ro x y l g ro u p  a t  p o s i t i o n  
3 and a r e  o f t e n  s u b s t i t u t e d  by m e th y l g ro u p s  a t  p o s i t i o n  10 and 13 and 
by a s id e  c h a in  a t  p o s i t i o n  17. In  a d d i t i o n ,  f u r t h e r  m e th y l g ro u p s ,  
h y d ro x y l g ro u p s ,  d o u b le  bonds e t c .  may be p r e s e n t  ( 7 7 , 7 8 ) .

S t e r o id  n u m bering  sy s te m  i s  a s  f o l lo w s  ะ-

• 4 .2  D i s t r i b u t i o n  o f S te r o id s

S te r o id s  a r e  p ro b a b ly  s y n th e s iz e d  by a l l  l i v i n g  o rg a n is m s .
Even b a c t e r i a  and b lu e  -  g re e n  a lg a e ,  lo n g  b e l ie v e d  to  b e  f r e e  o f  
s t e r o i d s ,  h av e  now b een  found  to  c o n ta in  c h o l e s t e r o l  and o th e r  s t e r o l s .  
C e r ta in  r e p r e s e n t a t i v e s  o f t e n  o c c u r  in  p l a n t s  a s  w e l l  a s  a n im a ls .  The 
p l a n t  s t e r o i d s ,  h o w ev er, a r e  m o s tly  g ly c o s id e s  w h ile  th o s e  in  a n im a ls  
o c c u r  a lm o s t e x t e n s i v e l y  in  th e  f r e e  form  ( 7 7 , 7 8 ) .
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The p la n t  s t e r o i d s  in c lu d e  s t e r o l s  w ith  27 o r  m ore ca rb o n  a to m s,
sa p o g e n in s  and a l k a l o i d s  w ith  27 c a rb o n s , n e u t r a l  and b a s ic  s t e r o i d s ,
c a r d ia c  a g ly c o n e s  w ith  23 o r  24 c a rb o n s , and d e r i v a t i v e s  o f  a n d ro s ta n e
( C i r i )  and e s t r a n e  ( c .  0 ) ( 7 8 ) .  iy  lo

However, i t  i s  t r u e  t h a t  th e  d i s t r i b u t i o n  o f some s t e r o i d s  i s  
l im i t e d  to  a few p l a n t  f a m i l i e s .  At th e  same tim e  i t  i s  becom ing 
e v id e n t  t h a t  many s t e r o i d s  o c c u r  in  b o th  p l a n t s  and a n im a ls .  In  f a c t ,  
th e  o n ly  c l a s s e s  o f p l a n t  s t e r o i d s  n o t e n c o u n te re d  in  a n im a ls  so  f a r  
a r e  th e  a lk a lo id s  w ith  21 and 27 c a rb o n s  (7 8 ) .

I t  i s  q u i t e  l i k e l y  t h a t  many s t e r o i d s  in  a n im a ls  come from  a 
p l a n t  d i e t ,  e . g . ,  v a r io u s  and s t e r o l s ,  th e  อ27 c h o le g e n in s  and
th e  อ22 c a r d e n o l id e s . Some c l a s s e s  o f  a n im a l s t e r o i d s  have n o t been  
found  in  p l a n t s  so f a r ,  n o ta b ly  th e  b i l e  a c id s  and a lc o h o ls  and th e  c 2^ 
a l k a l o i d s  (7 8 , 8 0 ) .

4 .3  C l a s s i f i c a t i o n  o f S te r o id s

S te r o id s  w h ich  a re  b a se d  on th e  c y c lo p e n ta n o p e rh y d ro p h e n a n -  
th r e n e  r in g  sy s tem , can  be d iv id e d  i n t o  a t  l e a s t  f i v e  g ro u p s  of com­
pounds : s t e r o l s ,  s t e r o i d  ho rm o n es, s t e r o i d  s a p o n in s ,  s t e r o i d  a l k a l o i d s  
and c a r d ia c  g ly c o s id e s .

4 .3 .1  S t e r o l s

S te r o id s  w hich  a re  c h a r a c t e r i z e d  by a lo n g  is o p r e n o id  s id e  
c h a in  a t  ca rb o n  atom  17 a re  c a l l e d  s t e r o l s .  T hese compounds u s u a l ly  
c o n s i s t  o f  27 to  29 c a rb o n  atom s (8 1 ) .  F undam enta l s t e r o i d  n u c le u s  i s  
th e  same as  t h a t  o f l a n o s t e r o l  and o th e r  t e t r a c y c l i c  t r i t e r p e n o i d s ,  b u t  
o n ly  two m eth y l g ro u p s  a r e  a t ta c h e d  to  th e  r in g  sy s te m , a t  p o s i t i o n  10 

and 13. The e ig h t - c a r b o n  s id e  c h a in  found in  l a n o s t e r o l  i s  a l s o  p r e s e n t
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i n  many s t e r o l s ,  e s p e c i a l l y  from  a n im a l s o u r c e s ;  b u t m ost p l a n t  s t e r o l s  
have  one o r two a d d i t i o n a l  c a rb o n  a to m s. Most h ig h e r  p l a n t  s t e r o l s  have 
an a -2 4  a lk y l  g roup  ( 7 9 ) .  The s t r u c t u r e s  o f l a n o s t e r o l  and a s t e r o l  a r e  
shown i n  F ig .  2 .2 5 .

The name " s t e r o l "  a p p l i e s  s p e c i f i c a l l y  to  s t e r o i d  a lc o h o l s ;  b u t  
s in c e  p r a c t i c a l l y  a l l  p l a n t  s t e r o i d s  a r e  a lc o h o ls  w ith  a h y d ro x y l group  
a t  C -3 , th e y  a re  f r e q u e n t ly  a l l  c a l l e d  s t e r o l s  (7 9 ) .

F ig u re  2 .2 5  S t r u c tu r e s  o f l a n o s t e r o l  and c h o l e s t e r o l  (a  s t e r o l )  * So

The number o f s t e r o l s  e n c o u n te re d  i n  n a tu r e  i s  q u i t e  l a r g e  so 
th e  c l a s s i f i c a t i o n  h a s  th r e e  g ro u p s  and ta k e s  a c c o rd in g  to  th e  num ber 
o f  c a rb o n  atom s in  m o le c u le  ะ

4 .3 .1  (a ) S t e r o l s

C h o le s t e r o l ,  once b e l ie v e d  to  be th e  t y p i c a l  an im al s t e r o l ,  h a s  
r e c e n t l y  been  found to  be r a t h e r  w id e ly  d i s t r i b u t e d  among p l a n t s .

So f a r ,  c h o l e s t e r o l  h a s  been  i d e n t i f i e d  in  v a r io u s  a lg a e ;  in  
th e  p o l l e n  o f  many p l a n t s ,  in c lu d in g  th e  d a te  palm , co tto n w o o d ,
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s u n f lo w e r ,  d a n d e l io n ,  c a t ' s - e a r  and m u s ta ru , in  th e  s e e d s  o f many 
p l a n t s ,  in c lu d in g  th e  so y b ean , p e a n u t ,  o a t ,  a p p le ,  avocado  and o i l  palm ; 
i n  th e  e p ig e o u s  p a r t s  o f  D io sc o re a  s p i c u l i f l o r a  and o th e r  D io sco rea  
s p e c i e s ,  to b a c c o , b e a n s ,  c o rn , s p in a c h ,  D i g i t a l i s  c a n a r ie n s i s  and D. 
p u r p u r e a ; in  th e  n e e d le s  and b a rk  o f  p in e  t r e e s ;  in  th e  b a rk  o f 
E r y th r in a  su p e rb a  and in  th e  r o o t s  o f  th e  c a c tu s ,  w ilc o x ia  v ip e r in a  
( 7 8 ) .

C h o le s te r o l  h a s  a v e ry  im p o r ta n t  f u n c t io n  in  p l a n t s  w h e re , a s  
i n  a n im a ls ,  i t ,  o r  one of i t s  p r e c u r s o r s ,  s e rv e s  a s  th e  s t a r t i n g  
m a t e r i a l  f o r  th e  b io s y n th e s i s  o f  a l l  o th e r  s t e r o i d s  (8 0 , 8 1 ) ,  su c h  a s  
m o lt in g  horm ones and r e l a t e d  p r o d u c ts ;  อ27 s a p o g e n in s  and a l k a l o i d s ;  
v a r io u s  p reg n an e  d e r i v a t i v e s ,  in c lu d in g  p ro g e s te ro n e  and th e  
a l k a l o i d s ;  c a r d ia c  a g ly c o n e s ;  and p ro b a b ly  a l s o  th e  sex  harm ones (7 8 ) .

4 .3 .1  (b) อ20 S t e r o l s

The c„0 s t e r o l s  d e r iv e d  from  th e  c„-. s t e r o l s  and from  e i t h e r  2๐ 2 /
th e  c a rb o x y l  o r  m e th y l ca rb o n  o f a c e t a t e  f o r  C-28 (8 7 ) . The m ost 
im p o r ta n t  อ22 s t e r o l  i s  e r g o s t e r o l  (F ig . 2 .2 6 ) w hich  was f i r s t  i s o l a t e d  
from  e r g o t  (8 7 , 88) b u t  a l s o  o c c u rs  in  y e a s t  and in  m ost f u n g i ,  b u t  
more r e c e n t l y  i t  h a s  a l s o  been  d is c o v e re d  in  h ig h e r  p l a n t s  ( 7 8 ) .  
I r r a d i a t i o n  w ith  u l t r a v i o l e t  l i g h t  c o n v e r ts  e r g o s t e r o l  to  v i ta m in  ซ2 

( e r g o c a l c i f e r o l ) , so  i t  i s  q u i t e  p o s s ib l e  to  f in d  v i ta m in  จ 2 i n  p l a n t s  
( 7 8 ) .  F e c o s t e r o l ,  f u n g i s t e r o l  and 5 - d ih y d r o e r g o s te r o l  ( F ig .  2 .2 6 )  a r e  
b i o g e n e t i c a l l y  r e l a t e d  to  e r g o s t e r o l  and a l s o  o c c u r in  y e a s t s  and 
o th e r  fu n g i  (8 7 ) .



69

F u n g i s t e r o l  5 - d ih y d r o e r g o s te r o l

F ig u re  2 .2 6  Some c^g  S t e r o l s

4 .3 .1  (c )  S t e r o l s

The m ost w id e ly  d i s t r i b u t e d  s t e r o l s  in  h ig h e r  p l a n t s  a r e  
s i t o s t e r o l ,  s t i g m a s t e r o l  and c a m p e s te ro l  ( F ig .  2 .2 7 )  w hich  a r e  c a l l e d  
P h y t o s t e r o l s .  T hese common s t e r o l s  o c c u r b o th  f r e e  and a s  s im p le  
g ly c o s id e s  (7 8 , 87 , 8 9 ) .  The s t e r o l  m ost o f t e n  i s o l a t e d  from  p l a n t s  
i s  s i t o s t e r o l  b u t  s t i g m a s t e r o l  and c a m p e s te ro l  a r e  a l s o  q u i t e  common 
(90) .
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S i t o s t e r o l

F ig u re  2 .2 7  Some p l a n t  s t e r o l s  ( P h y to s t e r o l s )

S i t o s t e r o l  i s  g e n e r a l ly  c a l l e d  ร- s i t o s t e r o l ,  b u t  s in c e  b o th  

a and  Y - s i t o s t e r o l s  have  tu rn e d  o u t to  be m ix tu r e s ,  th e  d e s ig n a t io n  
s i t o s t e r o l  i s  now u n e q u iv o c a l  (7 8 ) .  8- s i t o s t e r o l  i s  th e  m ost w id e ly  
d i s t r i b u t e d  p l a n t  s t e r o l  ( 86) .  Y - s i t o s t e r o l  i s  th e  p r i n c i p a l  s t e r o l  
o f  so y b ean  o i l ,  b u t  i t  a l s o  o c c u rs  i n  many o th e r  v e g e ta b le  o i l s .  I t  
i s  one o f th e  m ost w id e ly  d i s t r i b u t e d  s t e r o l  in  m a rin e  v e r t e b r a t e s  and 
was c a l l e d  c l i o n a s t e r o l  b e f o r e  i t s  i d e n t i t y  w ith  Y - s i t o s t e r o l  was 
r e c o g n iz e d .  Toads a l s o  s e c r e t e  a - s i t o s t e r o l  th ro u g h  t h e i r  s k in  g la n d s

(8 7 ) .

S tigm astero l was f i r s t  is o la te d  from the ca labar bean
(Physostigma venenosum B a lf .) .  The commercial source i s  the soybean,
but sugarcane wax a lso  contains s u b s ta n tia l  amounts of th is  s t e r o l .
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I t s  ab u n d an ce  and th e  d o u b le  bonds a t  C-22 and C-5 make s t i g m a s t e r o l  
to  be an  im p o r ta n t  s t a r t i n g  m a te r i a l  f o r  th e  s y n th e s i s  o f  p r o g e s te r o n e  and 
and o th e r  s t e r o i d  horm ones. The 2 4 -ep im er o f s t i g m a s te r o l  o c c u rs  i n  
v a r io u s  m a rin e  i n v e r t e b r a t e s .  R e c e n tly ,  5 - d ih y d r o s t ig m a s te r o l  h as  b een  
i s o l a t e d  from  a s l im e  m old , D ic ty o s te l iu m  d is& aideum . T h is  s u b s ta n c e  
h a s  a c r a s i n  a c t i v i t y  b e c a u se  i t  c a u se s  th e  am oeboid c e l l  o f  th e  mold 
to  a g g r e g a te  in  a m u l t i c e l l u l a r  u n i t ,  w h ich  u n d e rg o e s  f u r t h e r  
d i f f e r e n t a t i o n  (7 8 , 8 7 ) .

4 .3  .-1 S te r o id  Hormones

T h ere  a r e  a  l a r g e  number o f s t e r o i d  horm ones in  n a t u r e .  They 
a r e  c l a s s i f i e d  i n t o  two g ro u p s  a c c o rd in g  to  th e  number o f  c a rb o n  atom s 
to  b e  s t e r o i d  horm one w ith  27 to  29 ca rb o n  and 18 to  21 c a rb o n  a to m s.

4 .3 -2  (a )  อ27 to  c^g S te r o id  Hormones

T h is  g roup  i s  th e  m ost in s e c t - m o l t in g  horm ones. I n s e c t - m o l t in g  
horm ones in  p l a n t s  a r e  som etim es r e f e r r e d  to  a s  p h y to e c d y so n e s  b e c a u se  
th e  s t r u c t u r e s  o f  th e  horm ones a r e  a n a lo g o u s  to  t h a t  o f  ecd y so n e

(F ig  2 .2 8 )  w hich  had  e a r l i e r  b een  i s o t a t e d  from  i n s e c t  and c a l l  a -
e c d y so n e . T h e ir  common f e a t u r e s  a r e  th e  1 4 a -h y d ro x y l g ro u p  and th e

7 "
A - 6- k e to  g ro u p . O th e r h y d ro x y l g roup  may be a t ta c h e d  to  v a r io u s  
p o s i t i o n s  (7 8 ) .

I n s e c t - m o l t in g  horm ones a r e  w a te r - s o lu b le  i n  c o n t r a s t  to  
o th e r  s t e r o l s  (7 8 , 8 5 ) .  The h y d ro x y l g ro u p s  a r e  in  p o s i t i o n s  r a r e l y
s u b s t i t u t e d  in  n a t u r a l  s t e r o l s .
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The m ost w id e ly  d i s t r i b u t e d  r e p r e s e n t a t i v e  o f  t h i s  g roup  i s  
e c d y s te ro n e  o r  th e  20-h y d ro x y e c d y so n e  and fo rm e r ly  a l s o  c a l l e d  6-  
e c d y so n e . E c d y s te ro n e  (F ig  2 .2 8 )  h a s  b een  found  in  v a r io u s  f e r n s ,  
yew s, P odocarpus  and A e h y r a n th e s  s p e c ie s  and in  m u lb e rry  and v i t e x  
m egapotam ica  l e a v e s .  So f a r ,  o v e r tw en ty  in s e c t - m o l t in g  horm ones have 
b e e n  i s o l a t e d  from  p l a n t s  (7 8 ) ,  some exam ples w ere  shown in  F ig  2 .2 8 .  
They o f t e n  o c c u r i n  much l a r g e r  am ounts and g r e a t e r  v a r i e t y  i n  p l a n t s  
th a n  th e y  do in  i n s e c t s ,  and th e  p l a n t  compounds a r e  o f t e n  more p o te n t  
i n  a c t i v i t y  th a n  th o s e  found  i n  i n s e c t s  (8 0 ) .

Ecdysone E c d y s te ro n e

P o n a s te ro n e  A

0
II

Figure 2.28 Insec t-m o ltin g  hormones iso la te d from p la n ts .
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A .3 .2  (b) c 0 to  c S te r o id  Hormones l o  ZI

The d e g r a d a t io n  o f c h o l e s t e r o l  to  p re g n e n o lo n e  and i t s  
c o n v e r s io n  to  p r o g e s te r o n e  (F ig  2 .2 9 ) w hich  i s  th e  key r e a c t i o n  in  
th e  b io s y n th e s i s  o f s t e r o i d  horm ones in  a n im a ls  i s  a l s o  o b se rv e d  in  
h ig h e r  p l a n t s  ( 8 0 ,8 2 ) .  O th e r s t e r o i d s  may u n d erg o  a n a lo g o u s  d e g r a d a t io n  
in  p l a n t s .  S i t o s t e r o l  i s  s i m i l a r l y  c o n v e r te d  to  p r o g e s te r o n e  by 
D i g i t a l i s  p l a n t s ,  w h ich  f u r t h e r  c o n v e r t  i t  to  th e  a d r e n o c o r t i c a l  horm one, 
d e o x y - c o r t i c o s te r o n e  (F ig . 2 .3 0 )  (8 2 ) .  Tom atoes c a r r y  o u t th e  same 
d e g r a d a t io n  o f to m a t id in e  to  a l lo p re g n e n o lo n e  (F ig  2 .3 0 )  a s  th e  b a s i c  
s t e p  in  th e  p a r t i a l  s y n th e s i s  o f  s t e r o i d  horm ones ( 8 0 ) .  M ic ro o rg an ism s 
a r e  a l s o  known to  be  c a p a b le  o f  c o n v e r t in g  s a p o g e n in s  to  and 
s t e r o i d s  (8 2 ) .

In  a n im a l ,  th e  c^g and c^g s t e r o i d s  a r e  form ed from  อ2  ̂ by 
s u c c e s s iv e  d e g r a d a t io n  s t e p s  (F ig  2 .2 9 ) .  A lth o u g h  t h i s  r e a c t i o n  
se q u e n c e  h as  b een  o b se rv e d  i n  m ic ro o rg a n is m s , i t  i s  u n a b le  to  
d e m o n s tra te  i n  h ig h e r  p l a n t s .  F i g . 2 .3 1  shows c^g s t e r o i d s  i d e n t i f i e d  
i n  p l a n t s  (8 2 ) .

17-Hydroxyprog*il*ron* AndrojUn.dion* Enron*

Figure 2.29 B iogenesis of esterone
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E ig u re  2 .3 0  B io g e n e s is  o f <ะ21 s t e r o i d s
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A n d r o è t - 4 - e n e -3 - ,  1 7 -d io n e
(Pinus sylvestris)

OH

T e s to s te r o n e
(Pinus sylvestris)

5 a - A n d r o s ta n e - 3 0 ,1 6 a ,1 7 a - t r io l  R u b ro s te ro n e
(Haplopappus heterophyllus) (Achyranthes rübrofusca)

F ig u r e  2 .3 1  ร:t e r o i d s  i n  h ig h e r  p l a n t s

S t e r o i d a l  e s t r o g e n s  have  b een  i d e n t i f i e d  in  p l a n t s ,  such  a s  
e s t r o n e ,  a c^g s t e r o i d  horm one (F ig  2 .3 2 ) ,  a c c u r s  i n  palm  s e e d s ,  p o l l e n  
o f  th e  d a te  palm  and p o m eg ran a te  s e e d s ;  and e s t r a d i o l  (F ig .  2 .3 2 ) in  
a p r i c o t -  s e e d s  (82) .

E s tro n e

F ig u r e  2 .3 2  c^g E s tr o g e n s  in  h ig h e r  p la n t s



76

4 .3 .3  S t e r o i d a l  S ap o n in s

A group  o f  p l a n t  g ly c o s id e s  known a s  s a p o n in s  s h a r e ,  i n  v a ry in g  
d e g r e e s ,  two common c h a r a c t e r i s t i c s  : (a) th e y  foam in  aq u eo u s s o l u t i o n ;  
and (b ) th e y  c a u se  h a e m o ly s is  o f re d  b lo o d  c e l l s .  The a g ly c o n e s  o f th e  
s a p o n in s  a r e  c o l l e c t i v e l y  r e f e r r e d  to  a s  s a p o g e n in s  ( 9 1 ) .  They a r e  
t o x i c  to  p o ik i lo th e r m s , b u t  n o t  to  h o m o io th erm ic  a n im a ls  (8 0 ) .

Two ty p e s  o f s a p o n in s  a r e  re c o g n iz e d  : s t e r o i d a l  s a p o n in s  and 
t r i t e r p e n o i d  s a p o n in s .  S t e r o i d a l  s a p o n in s  a r e  g ly c o s id e s  o f  a p a r t i c u l a r  
s t e r o i d  s t r u c t u r e  d e s c r ib e d  a s  h a v in g  a s p i r o k e t a l  s id e  c h a in  ( F i g . 2 .3 3 ) .  
R ing E and F c o n ta in  th e  same b a s i c  ca rb o n  s k e le to n  a s  common an im a l 
s t e r o i d s  b u t  la c k  th e  e x t r a  c a rb o n  atom s found in  m ost p l a n t  s t e r o l s .
I t  i s  p o s s i b l e  t h a t  a t  l e a s t  i n  some in s ta n c e s  th e  s p i r o k e t a l  
s t r u c t u r e  i s  an a r t i f a c t  form ed by r in g  c lo s u r e  o f  an open c h a in  
p r e c u r s o r .  In  p l a n t s ,  s t e r o i d a l  s a p o g e n in s  o c c u r  in  th e  fo rm  o f t h e i r  
g ly c o s id e s - ,  th e  s a p o n in .  G ly c o s y la t io n  i s  g e n e r a l ly  a t  C-3 (7 8 , 8 0 ) .

F ig u r e  2 .3 3  S t r u c t u r e  o f  s p i r o k e t a l  s t e r o i d  n u c le u s .
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ทบ ^  ï ~H
D io sg e n in  H ecogen in

F ig u re  2 .3 4  S t e r o i d a l  sa p o g e n in s

A number o f  s t e r o i d a l  s a p o g e n in s ,  w h ile  th e y  a r e  in  th e m se lv e s  
n o t  u sed  a s  t h e r a p e u t i c  a g e n ts ,  s e r v e  as u s e f u l  s t a r t i n g  m a te r i a l s  f o r  
th e  c h e m ic a l s y n th e s i s  and th e  p r a c t i c a l  p ro d u c t io n  o f a number o f 
s t e r o i d a l  hormone s u b s ta n c e s  w hich  a r e  m e d ic in a l ly  im p o r ta n t  a g e n ts .  
Among th e  s a p o g e n in s  w hich h av e  b een  found to  be th e  m ost u s e f u l  a s  
s t a r t i n g  m a t e r i a l s  f o r  c h e m ic a l c o n v e rs io n  to  m e d ic in a l  hormone 
s u b s ta n c e s  a r e  d io s g e n in ,  h e c o g e n in , b o to g e n in  and t h e i r  s te r è o is o m e r s  
(F ig . 2 .3 4 ) .  They a r e  mos:t common in  th e  f a m i l i e s  L i l i a c e a e ,  
A m a ry llid a c e a e  and D io s c o re a c e a e . The d is c o v e ry  and i s o l a t i o n  o f  th e s e  
p l a n t  s a p o g e n in s ,  accom panied  by ad v an ces  i n  th e  c h e m ic a l te c h n iq u e  
have greatlv increased tve availability and decreased the c o s t  of th e  
steroidal hormone substances used in medicines (86, 91)
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4 .3 .4  C a rd ia c  G ly c o s id e s

The s t r u c t u r e s  o f  c a r d i o a c t i v e  g ly c o s id e s  a r e  composed o f  t h r e e  
im p o r ta n t  p o r t i o n s  ะ-

1) S t e r o i d a l  P o r t io n

The a g ly c o n e s  o f th e s e  c a r d i o a c t i v e  g ly c o s id e s  p o s s e s s  th e  
s t e r o i d a l  s t r u c t u r e  w ith  th e  t e t r a c y c l i c  c a rb o n  s k e le to n  w h ich  i s ,  
l a r g e l y ,  s a t u r a t e d .  In  a d d i t i o n  to  t h i s  t e t r a c y c l i c  ( s t e r o i d a l )  
p o r t i o n ,  th e r e  i s  an  u n s a tu r a te d  la c to n e  r in g  a t ta c h e d  to  C-17 o f th e  
s t e r o i d a l  ca rb o n  s k e le to n  ( 9 2 ) .

In  th e  a g ly c o n e s  o f  th e s e  s t e r o i d a l  c a r d i o a c t i v e  g ly c o s id e s ,  
th e  f u s io n  o f  r i n g  A and B i s  c i s  w ith  th e  h y d ro g en  a t  C-5 h a v in g  a 
3 - c o n f ig u r a t io n .  The C/D r i n g  - f u s i o n  i s  c i s . The h y d ro g en  a t  C-8 
i s  b e ta  and th e  h y d ro g en  a t  C-9 i s  a lp h a  in  c o n f ig u r a t io n .  The g ro u p s  
a t t a c h e d  to  C-10 and C-13 ( t h a t  i s ,  C—18 and C-19) b o th  h av e  th e  b e ta  
c o n f ig u r a t io n .  T hese a g ly c o n e s  have  th e  h y d ro x y l g ro u p s  a t  C-3 and 
C -1 4 (b o th  h a v in g  th e  b e ta k e o n f i g u r a t i o n ) . In  a number o f th e s e  
c a r d i o a c t i v e  g ly c o s id e s ,  th e  a g ly c o n e s  h av e  a d d i t i o n a l  h y d ro x y l g ro u p s  
a t  o th e r  p o s i t i o n s  a s  w e l l .  In  some, th e  g roup  a t  C-19 i s  a m e th y l 
g ro u p , w h i le  i n  o t h e r s ,  an a ld e h y d e  group  o r an  h y d ro x y m eth y l ( a l c o h o l i c )  

g ro u p . The s u g a r - p o r t io n  (w ith  one o r  more m o n o sa c c h a rid e  u n i t s )  i s  
l in k e d  th ro u g h  th e  h y d ro x y l g roup  a t  C-3 o f th e  a g ly c o n e  w ith  th é  
h y d ro x y l 'g ro u p  a t  C -l o f  th e  s u g a r  (9 2 ) .

The s t e r i c  f e a t u r e s  n o te d  above a p p ly  to  th e  g r e a t  m a jo r i ty  
o f  th e  n a t u r a l l y  o c c u r r in g  s t e r o i d a l  g ly c o s id e s .  H ow ever, a few 
g ly c o s id e s ,  w hich  a r e  n o t  u sed  in  m e d ic in e , a r e  known to  have 
c o n f ig u r a t io n s  d i f f e r e n t  from  th e s e  (8 6 , 9 2 ) .
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1 2 3 4 5 6R R R R R R

D ig in a t ig e n in H H H OH OH ch3
D ig i to x ig e n in H H H H H ch3
D ig o x ig e n in H H H OH H ch3
G i t a lo x ig e n in H H H H -O.CHi0

ch3

G iio x ig e n in H H H H OH ch3
O uabage n in OH OH OH H H - ch2oh

ร t r o p h a n th id  in H OH H H H -CH
0

s t r  o p h a n th id  01 H OH H H H -CH OH

F ig u r e  2 .3 5  S t r u c t u r e s  o f some a g ly c o n e s  o f c a r d e n o l id e  g roup
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2) L ac to n e  R ings o f The A glycones

On th e  b a s i s  o f th e  l a c t o n e - r i n g  s t r u c t u r e ,  th e s e  a g ly c o n e s  
may be g rouped  i n t o  two g ro u p s  (92)*.-

a) The c a r d e n o l id e s  (a g ly c o n e  w ith  23 c a r b o n s ) , th e  la c to n e  
r i n g  a t ta c h e d  to  C-17 i s  a b u te n o l id e  (4 c a rb o n s )  w hich  i s  a l s o  known 
a s  a A - y - l a c t o n e .  The s t r u c t u r e s  o f t h i s  a g ly c o n e  g ro u p  a r e  shown 
i n  F ig .  2 .3 5 .

b) The s c l l l a d i e n o l i d e s  o r  h u f a d ie n o l id e s  (a g ly c o n e  w ith  24 
c a r b o n s ) , th e  l a c to n e  r in g  a t ta c h e d  to  C-17 i s  a p e n ta d le r r o l id e  (5 
c a rb o n s ,  w i th  two d o u b le -b o n d s)  w hich  i s  a l s o  c a l l e d  a p e n te n o l id e ,  
o r  o th e rw is e  known a s  a A01̂ ’ Y<S-<5- l a c t o n e .  The s t r u c t u r e s  o f  t h i s  

a g ly c o n e  group a r e  shown in  F ig .  2 .3 6 .

S c i l l a r e n i n

S c i l l i r o s i d i n  R = -0-C-CH
0

F ig u re  2 .3 6  S t r u c t u r e s  o f  some a g ly c o n e s  o f
s c i l l a d i e n o l i d e  g ro u p .
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3) S ugar P o r t io n

The d i f f e r e n t  c a r d io a c t iv e  g ly c o s id e s  may have o n e , tw o, th r e e  
o r  f o u r  m o n o sa c c h a rid e  u n i t s  in  th e  su g a r  p o r t io n  o f th e  m o le c u le .
A p a rt from  g lu c o s e ,  th e  o th e r  s u g a rs  (rham nose , d ig i to x o s e ,  d i g i t a l o s e ,  
cym arose) a r e  6 -d e o x y h e x o se s  (5 -m e th y l p e n to s e s ) ,  F ig  2 .3 7 .  T hese 
a r e  som etim es r e f e r r e d  to  a s  th e  " r a r e  su g a r"  (9 2 ) .

6 -D -D ig i ta lo s eB-D-Cymarose

F ig u r e  2 ,3 7  S ugar p o r t i o n  i n  c a r d ia c  g ly c o s id e s  

A number o f  c a r d i o a c t i v e  g ly c o s id e s  w ith  s t e r o i d a l  a g ly c o n e s  
o c c u r  i n  w ide v a r i e t y  o f p l a n t  s p e c ie s  in  s e v e r a l  p l a n t  f a m i l i e s .  I t  
may b e  n o te d  th a t  th e  g ly c o s id e s  o c c u r  p r i n c i p a l l y  in  th e  se e d  in  th e  

S tr o p h a n tu s  s p e c i e s ,  in  th e  r o o t  in  th e  Apooynum  s p e c i e s ,  in  th e  
s c a l e s  o f  th e  b u lb  in  th e  U rg in ea  s p e c i e s ,  in  th e  l e a f  in  th e  D i g i t a l i s  
s p e c i e s .  C e r ta in  g ly c o s id e  a l s o  o c c u r p r i n c i p a l l y  in
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T a b le  5 . Some p l a n t  s o u rc e s  and th e  s t r u c t u r a l  r e l a t i v e s  o f  some 
c a r d io a c t iv e  g ly c o s id e s  (9 2 ) .

P la n t  s p e c ie s G ly c o s id e s
Component P a r t  

(A glycone and s u g a r s )

D i g i t a l i s  p u rp u re a  L. D ig i to x in D ig i to x ig e n in -
Fam. S c r o p h u la r ia c e a e (D ig i to x o s e ) 2

D i g i t a l i s  la n a ta  E h rh . D igox in D ig o x ig e n in -
Fam. S c ro p h u la r ia c e a e (D ig i to x o s e ) 2

S tr o p h a n tu s  g r a tu s O uabain O ubagenin-R ham nose
W a ll,  e t  Hook. ( ร tro p h a n th in -G )
Fam. A pocynaceae

U rg in ea  b u r k e i  B aker S c i l l a r e n  A S c il la r e n in -R h a m n o s e -
Fam. L i l i a c e a e G lu co se
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th e  s e e d  in  c e r t a i n  D i g i t a l i s  s p e c ie s  (9 2 ) .

Some p l a n t  s o u rc e s  and th e  s t r u c t u r a l  r e l a t i v e s  o f some 
c a r d i o a c t i v e  g ly c o s id e s  a r e  shown in  t a b l e  5 .

4 .3 .5  S t e r o i d a l  A lk a lo id s

S te r o id  a lk a lo id s  a r e  compounds p o s a e s s in g  th e  b a s ic  o r 
m o d if ie d  s t e r o i d a l  s k e le to n  w ith  n i t r o g e n  in c o r p o r a te d  a s  an  i n t e g r a l  
p a r t  o f  m o le c u le  e i t h e r  i n  th e  r i n g  o r  in  th e  s id e - c h a in  (9 3 ) .

A cco rd in g  to  S a to  ( 9 3 ) ,  s t e r o i d a l  a l k a l o i d s  a r e  d iv id e d  i n t o  
two g e n e r a l  ty p e s  ะ- a l k a l o i d s  and c^y a l k a l o i d s .

4 .3 .5  (a ) A lk a lo id s

A lk a lo id s  o f  t h i s  g roup  a r e  th e  p re g n a n e  d e r i v a t i v e s .  A g r e a t  
num ber o f  ̂ a l k a l o i d s  have  r e c e n t l y  b een  i s o l a t e d  from  A pocynaceae 
and  B uxaceae . The A pocynaceae a l k a l o i d s ,  found m a in ly  in  E o la w h e n a  
and F un tum ia  s p e c i e s ,  a re  u n d o u b te d ly  p ro d u ced  from  p re g n e n o lo n e  by 
a m in a t io n  a t  e i t h e r  C-3 o r  C—20, o r  b o th  and by m o d i f i c a t io n s ,  such  
a s  su b s e q u e n t m é th y la t io n  o f  th e  am ino g ro u p s  o r  r e d u c t io n  o f th e  
A "^-double bo n d . T ra c e r  e x p e r im e n ts  h a v e , i n  f a c t ,  shown t h a t  th e  
t lo la r r h e n a  a l k a l o i d s ,  h o la p h y lla m in e  and h o la p h y l l in e  a s  w e l l  a s  
c o n e s s in e  (F ig .  2 .3 8 )  a r e  s y n th e s iz e d  by d i r e c t  a m in a tio n  o f  la b e le d  
p re g n e n o lo n e  (7 8 ) .

The p y r r o l i d i n e  r in g  in  c o n e s s in e  and o th e r  a l k a l o i d s  o f  t h a t  
ty p e  i s  p ro b a b ly  d e r iv e d  from  a p r e c u r s o r  in  w hich C-18 i s  o x y g e n a te d , 
su c h  a s  h o la r r h im in e  (F ig  2 .3 8 ) .  C o n e s s in e , th e  m ost ab u n d an t 
a lk a m in e , i s  a d e s i r a b l e  s t a r t i n g  m a t e r i a l  f o r  th e  s y n th e s i s  o f c e r t a i n
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C oness in e

๐ ง CH

F ig u re  2 .3 8  S t r u c t u r e s  o f  some H o la rrh en a  a l k a l o i d s  
( th e  a l k a l o i d s )

C y c lo p ro to b u x in e  A Buxamine G

F ig u r e  2 .3 9  The s t r u c t u r e s  o f some B yxus  a lk a l o i d s

( th e  C33 a l k a l o i d s )
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h o rm o n es, su ch  a s  a ld o s te r o n e  (7 8 ) .

The a l k a l o i d s  o f  th e  B u x aceae , i n  a d d i t i o n  to  th e  ty p e  o f 
a lk a m in e s  d e s c r ib e d  ab o v e , a r e  b i o g e n e t i c a l l y  r e l a t e d  to  c y c l o a r t e r n o l  
and o th e r  s t e r o i d  p r e c u r s o r s .  C y c lo p ro to b u x in e  A, (F ig . 2 .3 9 )  found  
i n  v a r io u s  Buxus s p e c i e s ,  may b e  re g a rd e d  a s  a p r o to ty p e .  A nalogs 
w ith  p r im a ry  and se c o n d a ry  amino g ro u p s a t  C-3 and C-20 and w ith  a 
h y d ro x y l group  a t  C-16 a r e  known. In  s te a d  o f th e  g e m in a l m e th y l 
g ro u p s  a t  C -4 , t h e r e  may b e  a  m e th y l, m e th y le n e  o r  h y d ro x y m eth y l g ro u p . 
A t C-9 to  C-10 in  s t e r o i d  s k e le to n  o f B uxus  a l k a l o i d s  th e r e  i s  an 
a d d i t i o n a l  c y c lo p ro p a n e  r i n g ,  e s p e c i a l l y  one o f th e  buxam ines (F ig  
2 .3 9 )  i n  w hich  th e  r i n g  B i s  e n la rg e d  ( 7 8 ,9 0 ) .

4 .3 ,5  (b) A lk a lo id s .

Many o f th e s e  a l k a l o i d s ,  such  a s . s o la s o d in e  (F ig .  2 .4 0 ) ,  a r e  
s im p ly  n i t r o g e n  a n a lo g s  of th e  c^y s a p o g e n in s .  In  th e  form  o f t h e i r  
g ly c o s id e s ,  a s  g l y c o a l k a l o i d s , th e y  a r e  o f t e n  found in  th e  same p l a n t  
and i n  c o m b in a tio n  w ith  th e  same s u g a rs  a s  th e  a n a lo g o u s  s a p o g e n in s .  
H ow ever, th e  d i s t r i b u t i o n  o f  c^y a l k a l o i d s  i s  r e s t r i c t e d  to  th e  g e n e ra  
V eratrum  and F r i t i l l a r i a  ( L i l i a c e a e ) ; Solanum 3 L y o o p e rs io o n  and 
O estrum  ( S o la n a c e a e ) (7 8 ) .

A lk a lo id s  i n  Solarium  s p e c i e s ,  c o n ju g a te d  w ith  s u g a rs  a t  C-3 
can  b e  d iv id e d  i n t o  two g ro u p s .

The f i r s t  g roup  may be c o n s id e re d  a s  n i t r o g e n  a n a lo g  o f  th e  
s a p o g e n in  w ith  an  NH group  in s t e a d  o f an oxygen atom  b e tw een  C-22 
and C-23 in  r in g  F , su ch  a s  s o la s o d in e  and to m a tid in e  (F ig .  2 .4 0 ) (83) . 
S o la s o d in e  h as  th e  same s t r u c t u r e  a s  d io s g e n in ,  e x c e p t f o r  th e  f a c t
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F ig u re  2 .4 0  S t r u c tu r e s  o f some Solanum  a lk a l o i d s

V e ra tra m in e

F ig u re  2 .41  S t r u c tu r e s  o f some Vsratrurn  a lk a l o i d s
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t h a t  NH i s  s u b s t i t u t e d  f o r  0 in  th e  F r i n g .  T o m a tid in e  i s  th e  n i t r o g e n  
a n a lo g  o f  n e o t ig o g e n in .  I t  h a s  some f u n g i s t a t i c  and b a c t e r i o s t a t i c  
e f f e c t  b u t  i t  i s  p e rh a p s  o f  g r e a t e r  i n t e r e s t  a s  a p o t e n t i a l  raw  
m a t e r i a l  f o r  s t e r o i d  hormone s y n th e s i s  (7 8 , 8 7 ) .

The seco n d  g roup  o f  Sotanum  a l k a l o i d s  h as  no c y c l i c  oxygen 
atom  b u t  i t  h a s  a condensed  r in g  sy stem  and t e r t i a r y  n i t r o g e n  su ch  a s  
s a l a n i d i n e  (F ig .  2 .4 0 ) (8 3 ) .

B oth  g ro u p s  o f  so lanum  a l k a l o i d s  a r e  known to  be s y n th e s iz e d  
by p l a n t s  from  c h o l e s t e r o l  (7 8 ) .

The a l k a l o i d s  w hich  o c c u r  i n  V eratrum  s p e c ie s  a r e  n o t  s t e r o i d s  
b e c a u s e  th e y  c o n ta in  a five-m em b ered  c r i n g  and a six -m em bered  D r i n g .  
V e ra tra m in e  and j e r v i n e  a r e  r e p r e s e n t a t i v e s  o f V era trum  a lk a lo id s  
( F ig .  2 .4 1 ) .  F r i t i l t a r i a  a l k a l o i d s  h av e  s t r u c t u r e  s i m i l a r  to  V eratrum  
a l k a l o i d s  su ch  a s  ร ip ie im in e  w hich  h av e  b een  u sed  a s  t h e  C h in ese  
m e d ic in e  f o r  a lo n g  tim e  ( 8 3 ,8 7 ) .

A l l  a l k a l o i d s  a r e  to x ic  to  a n im a ls ,  and some o f  them a r e  
a l s o  to x ic  to  f u n g i .  The V eratrum  a l k a l o i d s  and t h e i r  d e r i v a t i v e s  a r e  
u sed  i n  m e d ic in e  a s  h y p o te n s iv e  a g e n ts  (7 8 ) .

4 .4  B io s y n th e s is  o f  S te r o id s

As m en tio n ed  p r e v io u s ly ,  s t e r o i d s  a r e  a g ro u p  o f  t e t r a c y c l i c  

t r i t e r p e n o i d s  w hich  i s  a g roup  o f i s o p r e n o id  com pounds. A l l  i s o p r e n o id  
compounds o r ig in a t e d  from  i s o p e n te n y l  p y ro p h o sp h a te  w hich  i s  s y n th e s iz e d  
from  a c e t y l  CoA in  th e  same m anner by b o th  p l a n t s  and a n im a ls  a s  
d e s c r ib e d  in  th e  p re v io u s  s e c t i o n .
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In  th e  b io s y n th e s i s  o f s t e r o i d s ,  th e  th r e e  s u c c e s s iv e  s t e p s  

a r e  in v o lv e d  a s  fo l lo w s

a) F o rm a tio n  o f s q u a le n e  from  f a r n e s y l  p y ro p h o s p h a te .

A lth o u g h  in  th e  fo rm a tio n  o f m ost t e r p e n o id  compounds th e  
i s o p r e n e  g ro u p s  a r e  l in k e d  by means o f th e  h e a d - t o - t a i l  c o n d e n s a t io n  
d i s c u s s e d  in  an  e a r l i e r  s e c t i o n  h e a d - to -h e a d  c o n d e n s a t io n  a l s o  o c c u rs  
i n  c e r t a i n  c a s e s ,  w h ich  h av e  b een  m ost e x te n s iv e ly  i n v e s t i g a t e d  in  
th e  s y n th e s i s  o f s q u a le n e .

S q u a len e  i s  form ed by th e  c o n d e n s a t io n  o f two m o le c u le s  o f 
f a r n e s y l  p y ro p h o s p h a te . The r e a c t i o n  p ro c e e d s  s t e r e o s p e c i f i c a l l y ,  
s in c e  a h y d ro g en  atom  a t  c a rb o n  atom  1 from  one o f  t h e  two f a r n e s y l  
g ro u p s  i s  r e p la c e d  by a h y d ro g en  atom  o r i g i n a t i n g  from  NADPH. The 
c o n d e n s a t io n  may p ro c e e d  a c c o rd in g  to  th e  m echanism  o u t l i n e  in  F ig  2-.42- 
(7 7 ) .

b) F o rm a tio n  o f  c y c l i c  t r i t e r p e n e  r i n g  sy s tem  from  s q u a le n e ,
F ig .  2 .4 3  (7 7 , 87 , 9 0 ) .

The c y c l i s a t i o n  o f s q u a le n e  1̂  to  form  th e  c y c lo p e n ta n o  -  
p h e n a n th re n e  r in g  sy s te m  i s  s q u a le n e - 2 ,  3 -o x id e  2 w h ich  i s  a l s o  th e  
i n t e r m e d ia t e  d u r in g  c y c l i s a t i o n .  C y c l i s a t io n  i s  i n i t i a t e d  by c a t i o n  
0H+ a t t a c h e d  to  th e  s q u a le n e  p o s i t i o n  w hich  g iv e s  r i s e  to  C-3 o f th e  
s t e r o l  m o le c u le . The e p o x id a s e , w hich  c o n v e r ts  s q u a le n e  to  th e  2 , 3 - 
o x id e ,  i s  m ic ro so m al i n  n a tu r e  and r e q u i r e s  NADPH and m o le c u la r  oxygen , 
and a d d i t i o n  o f  th e  s t e r o l  i n h i b i t o r ,  t r i - ( 2 - d i e t h y l a m i n o e t h y l )  
p h o s p h a te ,  r e s u l t s  in  an  a c c u m u la tio n  o f  s q u a le n e - 2 ,  3 -o x id e .  F o rm a tio n  
o f  th e  t e t r a c y c l i c  s t e r o i d  r i n g  sy stem  i s  th ro u g h  m o le c u la r  r e a r r a n g e ­
m en t, a m ig r a t io n  o f  two h y d ro g en  atom s and two 1 , 2 -m e th y l s h i f t  from
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C-8 to  C-14 and from  C-14 to  C -13. The 3<-8 h y d ro x y l i s  d e r iv e d  from  
a tm o s p h e r ic  oxygen and n o t from  w a te r .  The c o n v e rs io n  o f  s q u a le n e -  
2 , 3 -o x id e  to  c y c lo a r t e n o l  3 r e q u i r e s  th e  c y c la s e  enzym e. I t  i s  
g e n e r a l ly  a c c e p te d  t h a t  c y c lo a r t e n o l  i s  th e  f i r s t  c y c l i c  p ro d u c t  i n  
p l a n t s .

c ) C o n v e rs io n  o f  th e  f i r s t  c y c l i c  in te r m e d ia te  ( c y c lo a r t e n o l )  
to  th e  s t e r o l  p ro d u c ts  (7 7 , 8 7 , 9 0 ) .

To form  th e  m a jo r p h y t o s t e r o l s  from  c y c l o a r t e n o l ,  an  a l k y l a t i o n  
a t  C-24 i s  p ro b a b ly  th e  f i r s t  s te p  and t h i s  o c c u rs  th ro u g h  tra n s m e th y ­
l a t i o n  in v o lv in g  s - a d e n o s y l  m e th io n in e  w hich  th e  p ro d u c t  i n  t h i s  s te p  
i s  2 4 -m e th y le n e  c y c lo a r t a n o l  _4, a 4 , 4 -d im e th y l s t e r o l .  D é m é th y la tio n  
a t  C-4 i s  p ro b a b ly  th e  n e x t  s t e p ,  p ro d u c in g  c y c lo e u c a le n o l  5 , t h e  f i r s t  
4 -m e th y l s t e r o l .  The n e x t  s t e p ,  th e  98 , 1 9 8 -c y c lo p ro p a n e  r in g  can  be 
opened  m ost e f f i c i e n t l y  to  form  o b t u s i f o l i o l  6 and 3 1 - n o r la n o s t r e r o l  8 

by C-14 d é m é th y la t io n  to  o c c u r ,  a A  ̂ ^bond . The m ost g e n e r a l ly  

a c c e p te d  pa thw ay  i s  th ro u g h  2 4 -m e th y le n e  c y c lo a r t a n o l  - f  c y c lo c u c a le n e  

—►  o b t u s i f o l i o l  b u t  th e  se q u e n c e  c y c l c a r t e n o l  3 —►  3 1 - n o r c y c lo a r te n o l  
]_ -*■  3 1 -  n o r l a n o s t e r o l  8 + o b t u s i f o l i o l  6_ h a s  a l s o  b een  in d i c a t e d .  From 
o b t u s i f o l i o l  6 to  2 4 -m e th y le n e  lo p h e n o l 9̂  o c c u rs  th ro u g h  m o le c u la r  
r e a r ra n g e m e n t  by m ig r a t io n  o f  d o u b le  bo n d . The fo rm a t io n  o f  2 4 - 
e th y l id e n e  lo p h e n o l  10 o c c u rs  by th e  second  a l k y l a t i o n  o f C -28 . 
M e th io n in e  i s  a g a in  th e  m e th y l d o n o r f o r  th e  seco n d  a l k y l a t i o n .  D u rin g  
t h i s  p r o c e s s ,  a c a t i o n i c  s i t e  a t  C-24 o f th e  s t e r o i d  m o le c u le  i s  c r e a te d  
w h ich  i s  s t a b i l i z e d  th ro u g h  th e  lo s s  o f  a h y drogen  atom  from  C -2 8 . The
rem o v a l o f second  C-4 m e th y l g roup  from  2 4 - e th y l id e n e  lo p h e n o l 10 i s

7
a l s o  th ro u g h  o x id a t iv e  d e c a r b o x y la t io n  and t h i s  p ro d u c t  i s  A -
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a v e n a s te ro l  11. The co n v ersion  of A - a v e n a s te ro l  to  th e  m ajor
p h y to s te r o ls ,  s i t o s t e r o l  and s t ig m a s te ro l ,  ap p ears th a t  th e  pathway

2 4 ( 2 8 )in v o lv e s  a re d u c tio n  of A and th e  rearran gem en t o f th e  double
bond in  r in g  B to  form a v e n a s te ro l  13. Form ation of s i t o s t e r o l  15

24 ( 2 8 )from a v e n a s te ro l  r e q u ire s  h y d ro g en a tio n  o f A and re d u c tio n  of
th e  2 4 -e th y lid e n e . Form ation o f s t ig m a s te ro l  16 i s  assumed to  occur
th rough  s i t o s t e r o l  by the  enzyme 22, 23-dehydrogenase. Form ation

7of s i t o s t e r o l  and s t ig m a s te ro l  may a ls o  be A -a v e n a s te r o l  11—►  
s t ig m a s ta -5 ,  7, 24(28)—tr ie n - 3 6 - o l  12—► - s t ig m a s ta -5 , 7 -d ie n e -3 6 -
o l  14—► - s i t o s t e r o l  15 o r s t ig m a s te ro l  16. T his sequence would
n o t in v o lv e  a v e n a s te ro l .

A nother pathway f o r  th e  b io s y n th e s is  of m ajor h ig h e r  p la n t
2 4  ( 2 8 )  7s t e r o l s  i s  f i r s t  re d u c tio n  of A of A -a v e n a s te r o l  to  form

24 ( 2 5 )s t ig m a s ta —7 -e n -3 8 -o l 17. This r e a c t io n  must be th rough  a A 
in te rm e d ia te  s in c e  th e  C-25 hydrogen atom i s  l o s t .  N ext, s t ig m a s ta -

7

form  s i t o s t e r o l .  For s t ig m a s te ro l  fo rm ation  can be through  s p in a s te r o l

7 ( 8 ) 5 . 7 5 ( 6 )7 -e n -3 g -o l  goes th rough  th e  A rearrangem en t to

18—►  7 -d eh y d ro s tig m as te ro l 19.

I t  i s  q u i te  p o s s ib le  t h a t  a l l  of th e  d isc u sse d  pathways 
o p e ra te  in  p la n ts ,  depending upon s p e c ie s  and env iro nm en tal c o n d it io n s .
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F ig u re  2 .43  B io sy n th e tic  pathway of p la n t  s t e r o l s
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