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From th e  e x p e d ie n t  and  e m p ir ic a l  rem ed ie s  o f  e a r ly  man, th ro u g h  

th e  ag es  when r i t e  and  symbol were a s  im p o r ta n t  a s  th e  m edicam ent 

a d m in is te re d , to  th e  p r e s e n t  day w ith  i t s  h ig h ly  d ev e lo p ed  ch em ica l 

and p h a rm a c o lo g ic a l te c h n iq u e s ,  p l a n t s  have f e a tu r e d  i n  m ed ic in e .

W orking from  th e  a ssu m p tio n  t h a t  many p l a n t s  w hich have n e v e r  

been  s u b je c te d  to  any s y s te m a tic  s tu d y  may c o n ta in  p r i n c i p l e s  o f  

p o s s ib le  v a lu e  i n  m e d ic in e , p h y to c h e m is try  h a s  become a  m ajo r theme 

i n  r e s e a r c h  th ro u g h o u t th e  w o rld . The r e d is c o v e ry  o f  th e  a n c ie n t  

In d ia n  drug  R a u w o lfia  h a s  r e k in d le d  i n t e r e s t  and  s t im u la te d  a  v a s t  

r e s e a r c h  i n to  p h y to c h e m is try . D uring  th e  p a s t  decade num erous p l a n t s  

from  th e  same fa m ily  (A pocynaoeae) have been  i n v e s t i g a t e d ;  o v e r tvfo
A

h u n d red  d i f f e r e n t  a lk a lo id s  have been  i s o l a t e d  from  t h i s  sou rce  , 

in c lu d in g  s e v e ra l  o f  p h a rm a c o lo g ic a l i n t e r e s t  from  th e  A f r ic a n  shrub  

Voaoanga a f r i c a n a  S ta p f .  O th e r s p e c ie s  from  th e  genus Voaoanga have 

a ls o  been  s tu d ie d  and  th e  p r e s e n t  w ork, w hich adds V .s c h w e in fu r th i i  

S ta p f  to  th e  l i s t ,  i s  p r im a r i ly  co n ce rn ed  w ith  th e  com parison  o f  t h i s  

s p e c ie s  w ith  V .a f r i c a n a .

To d a te  no com prehensive su rv ey  h a s  a p p ea re d  on th e  genus 

Voaoanga and  th e r e  fo l lo w s  i n  P a r t  I I  a  su rv ey  o f  th e  taxonom y, th e  

c h e m is try  and m icro scopy  o f  th e  b a rk s ,  and  th e  pharm aco logy  o f  th e  

known a lk a lo id s  from  t h i s  g en u s,

2The genus was f i r s t  d e s c r ib e d  i n  I 8II  and  s in c e  th e n  o v e r 

f o r t y  s p e c ie s  have been  named and d e s c r ib e d  b u t  much c o n fu s io n  h a s
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e x i s t e d  o v e r  t h e i r  c l a s s i f i c a t i o n .  S e v e ra l c l a s s i f i c a t i o n s  have been  

made b u t  some o f  th e s e  have d e a l t  o n ly  ;? ith  th e  s p e c ie s  b e lo n g in g  to  

a  p a r t i c u l a r  g e o g ra p h ic a l  r e g io n .  The f i r s t  com prehensive  c l a s s i f i c a t i o n
% A

was by Schumann i n  1895, w hich was amended by S ta p f  i n  1902. The

m ost r e c e n t  c l a s s i f i c a t i o n ,  w hich d e a ls  m ost p a r t i c u l a r l y  w ith  th e

5A f r ic a n  s p e c ie s ,  was made by P ich o n  i n  1947. S ince  th e y  were f i r s t

6 7d e s c r ib e d  i n  1894, th e  two s p e c ie s  V .s c h w e in fu r th i i  and V .a f r ic a n a

have a lw ays a p p ea re d  a s  s e p a ra te  s p e c ie s  b e in g  p la c e d  i n  th e  same

s e c t io n  o r  s u b s e c t io n  o f  th e  genus.

The stem  b a rk  o f  V .a f r ic a n a  h a s  been  e x te n s iv e ly  s tu d ie d  and

8“1 7shown to  c o n ta in  a t  l e a s t  e le v e n  a lk a lo id s  . These a lk a lo id s  

1 6were c l a s s i f i e d  a c c o rd in g  to  t h e i r  u l t r a - v i o l e t  s p e c t r a  i n to  two 

m ain ty p e s ,  d e r iv a t iv e s  o f  5-m ethoxy in d o le  and  o f  2 -a c y l  in d o le .

One a lk a lo id ,  v o b tu s in e ,  d id  n o t  f i t , e i t h e r  o f  th e s e  ty p e s ,  a lth o u g h  

i t  was an  in d o le  d e r i v a t i v e .  Some o f  th e  a lk a lo id s  were a ls o  i s o ­

l a t e d  from  b a rk s  o f  o th e r  s p e c ie s  o f  Voaoang a . nam ely V .th o u a r s i i
9 1 0  1 8 1 9  - 20 21v a r .  o b tu sa  '  , V .d re g e i  '  . and V lb ra o te a ta  . From V .ch a lo t ia n a

was i s o l a t e d  th e  in d o le  a lk a lo i d ,  v o a c h a lo t in e , whose u l t r a - v i o l e t  

spectrum  d i f f e r e d  from  th o se  p re v io u s ly  d e s c r ib e d .  No i n v e s t i g a t i o n  

o f  th e  c o n s t i t u e n t s  o f  th e  b a rk  o f  V .s c h w e in f u r th i i  h a s  been  made, 

V o a c a m i n e ^ ' ^ ^ h a s  been  e x te n s iv e ly  s tu d ie d  pharm acolog­

i c a l l y  and though  some r e p o r t s  were somewhat u n fa v o u ra b le , i t  a p p e a rs  

t h a t  t h i s  a lk a lo id  h a s  c o n s id e ra b le  c a r d io to n ic  a c t i v i t y  and a hypo­
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te n s iv e  e f f e c t  due to  an a c t io n  on the  autonom ic n e rv o u s  system , V oacam ine,

11i n  th e  form  o f  th e  s u lp h a te ,  h a s  been  u se d  w ith  c o n s id e ra b le  su c c e ss  i n

th e  t r e a tm e n t  o f  c h ro n ic  c a rd ia c  i n s u f f i c i e n c i e s .  I n  common w ith  th e

o th e r  Voaoanga a lk a lo i d s ,  i t  was fo u n d  to  have a  much lo w er t o x i c i t y

13 27 29-32th a n  th e  c a rd ia c  g ly c o s id e s .  O th e r a lk a lo id s ,  nam ely v o a c o rin e  ' * ,

29 30 11v o a c h a lo t in e  ^  and  voaoam inine showed s im i la r  p h a rm a c o lo g ic a l p ro p -
7 % 7 1

e r t i e s .  The d e p re s s a n t  a c t io n  o f  voacang ine  '  on th e  c e n t r a l  n e rv o u s  

system  h a s  b een  d e s c r ib e d . O th e r  m inor a c t i v i t i e s  a s c r ib e d  to  some o f

th e  a lk a lo id s  were an a n ti- in f la m m a to ry  a c t io n  '  , a n a lg e s ic  a c t io n

27 35-37 36' , and a l o c a l  a n a e s th e t i c  a c t io n  , Thus a lth o u g h  the  e x a c t

r o l e  o f  th e  Voaoanga a lk a lo id s  i n  m edicine  i s  a s  y e t  unknown, i t  i s  c l e a r

t h a t  th e y  a re  a t  l e a s t  o f  p o t e n t i a l  u se  i n  t h e r a p e u t i c s .

The g e n e ra l  s t r u c tu r e  o f  Apooynaoeous b a rk s  h a s  b een  d e s c r ib e d
3 o

by M e tca lfe  and  C halk  and  th e  h i s to lo g y  o f  some b a rk s  from  c e r t a i n
39-A4 45-52\

Apooynaoeous g e n e ra  (A spidosperm a , R au w o lfia  ) h a s  been  g iv en

b u t  no d e t a i l e d  r e p o r t  h a s  ap p ea re d  on the  m ic ro s c o p ic a l  s t r u c tu r e  o f

b a rk s  from  Voaoanga s p e c ie s .

I n  view  o f  th e  i n t e r e s t  i n  th e  p o t e n t i a l  th e r a p e u t ic  use o f  th e

Voaoanga a lk a lo i d s ,  th e  f i r s t  i n t e n t i o n  o f  t h i s  work was to  exam ine

th e  a lk a lo i d a l  c o m p o s itio n  o f  th e  stem  b a rk  o f  V ,s c h w e in fu r th i i .  i n

th e  hope o f  i s o l a t i n g  some new a lk a lo id  w ith  v a lu a b le  p h a rm a c o lo g ic a l

p r o p e r t i e s .  F u r th e r ,  a  d e t a i l e d  a n a to m ic a l s tu d y  o f  th e  p l a n t  m a te r ia l s

u se d  was u n d e rta lcen , so t h a t  su b seq u en t b a tc h e s  o f  m a te r ia l  c o u ld  be



a u th e n t i c a te d ,  e i t h e r  i n  th e  whole o r  pow dered s t a t e .  C om parisons were 

made c h e m ic a lly , a n a to n L ica lly , and  taxonom ic a l l y  o f  t h i s  s p e c ie s  w ith  

th e  c lo s e ly  r e l a t e d  s p e c ie s  V ,a f r ic a n a . F i n a l l y ,  th e  chem o-taxonom y 

o f  th e  genus a s  a  whole was c o n s id e re d .
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F o lk lo re

53
S e v e ra l s p e c ie s  o f  Voaoanga were in c lu d e d  i n  a p a p e r  by Braun

on th e  v e rn a c u la r  names and  n a t iv e  u se s  o f  p l a n t s  o f  German E a s t

A f r i c a ,  The names w ere som etim es a p p l ie d  to  more th a n  one s p e c ie s ,

n o t  a lw ays o f  th e  same g en u s, and v a r io u s  t r i b e s  o f t e n  a p p l ie d  th e

names d i f f e r e n t l y .  To th e  Sham bala, ’mwambe* i n d i c a t e d  V .lu te s o e n s

S ta p f ,  C onopharyngia h o l s t i i  S ta p f  o r  O l in ia  u sa m b a re n s is  G ilg , and

*muambe*, V , th o u a r s i i  Roem, and S o h u lt . o r ,  a g a in , C . h o l s t i i ,

'Muambe’ was a ls o  th e  name g iv e n  to  H ib isc u s  m io ra n th u s  L, by th e

54S w a h ili ,  and  to  V ,o b tu sa  K,Sohum, by th e  Bonded . V ,o b tu sa  was 

known by s e v e r a l  o th e r  names; to  th e  Shambala i t  was ’k i l i m b o t i ’ , to  

th e  Yao, ’k i r i n g o t i ’ , and  to  th e  S w a h il i , ’k iro n g a s i*  * F i n a l l y ,

V .a n g u s t i f o l i a  K,Sohum. was known to  th e  Shambala a s  'm b o zam ak ili* . 

S e v e ra l  u se s  were a s c r ib e d  to  th e s e  p l a n t s ,  though fevf were 

m e d ic in a l.  The l a t i o e s  o f  V .lu te s o e n s ,  V .ob t u sa  and  V ,th o u a r s i i  

w ere b o i le d  w ith  l a t e x  o f  F ic u s  s p e c ie s  i n  th e  p ro d u c t io n  o f  b i r d ­

lim e . The lo n g  f i b r e s  p r e s e n t  i n  th e  b a rk  o f  V.o b tu s a  were u sed  

to  make h u n t in g - n e ts  and  th e  wood to  make k n i f e - s h e a th s .  The con­

c e n t r a t e d  p l a n t  sap was u se d  to  cem ent k n i f e - b la d e s  i n  th e  h a n d le s  

and a ls o  i n  th e  r e p a i r in g  o f  b a s k e ts .  The o n ly  d i r e c t  m e d ic in a l use 

d e s c r ib e d  was t h a t  o f  V l a n g u s t i f o l i a . r o o t  s c ra p in g s  o f  w hich , when 

m ixed w ith  c o p ra , were a p p l ie d  to  prom ote th e  h e a l in g  o f  wounds and
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to  a l l e v i a t e  i t c h .

55R in d l and  Groenwoud r e p o r te d  t h a t  th re e  p l a n t s  w ere kno\7n by

n a t iv e s  o f  S ou th  A f r ic a  a s  th e  ’ q u in in e  t r e e ’ ( ’koorsboom ’) ;  R au w o lfia

n a t a l e n s i  s S o n d ., C onopharyngia  v e n t r i c o s a  S ta p f  and  Voaoanga d re g e i

E.Mey. The ’ q u in in e  tre e *  was c la im e d  to  have an  a n t i f e b r i l e  a c t io n ,

to  be o f  u se  a s  a b lo o d  p u r i f i e r ,  and  e f f e c t i v e  i n  th e  t r e a tm e n t  o f

m e a s le s , u r t i c a r i a  and o th e r  r a s h e s .

56A cco rd in g  to  D a lz ie l  , th e  f r u i t  o f  V .o b tu sa  was u se d  by th e  

L ib e r ia n s  who s c a t t e r e d  i t  o v e r  th e  g round on t h e i r  r i c e  fa rm s  when 

th e  g r a in  was r ip e n in g ,  to  s c a re  away th e  w ild  h o g . A lso , i n  S o u th e rn  

N ig e r ia ,  th e  f i b r e s  o f  th e  b a rk  o f  V .a f r ic a n a  w ere m ixed w ith  f i b r e s  

o f  o th e r  so u rc e s  i n  th e  w eaving  o f  fa n c y  m ats . I n  W est A f r i c a ,  th e  

l a t e x  o f  th e  same p l a n t  h ad  been  u se d  a s  a  ru b b e r  a d u l t e r a n t  and a s  a  

f i l l i n g  f o r  c a r io u s  t e e t h .
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Taxonomy o f  th e  genus Voaoanga

An e x am in a tio n  o f  th e  f l o r a  o f  M adagascar a t  th e  b e g in n in g  o f

th e  n in e te e n th  c e n tu ry  l e d  to  th e  nam ing, by T h o u ars , o f  s e v e ra l  new

g e n e ra , one o f  w hich was V oaoanga. The y e a r ,  a c c o rd in g  to  In d ex

K ew ensis^^, was I 8O6 ; De W ilde man and Durand^ ̂  q u o te d  I 8O4 , b u t

a t te m p ts  to  t r a c e  th e  o r i g i n a l  a r t i c l e  u n co v ered  one o f  1 8I I  by 
2T houars on new g e n e ra  o f  M adagascar# S ince  th e  page number and 

t i t l e  a re  th e  . same a s  th o se  g iv e n  i n  In d ex  K ew ensis, t h i s  may i n  

f a c t  be th e  o r i g i n a l ,  T houars gave a  b r i e f  d e s c r ip t io n  o f  th e  

genus and r e f e r r e d  i t  to  th e  f a m ily  Apooineae*

The p l a n t  d e s c r ib e d  was a  l a r g e - le a v e d  t r e e ,  b e a r in g  c h a r a c t e r ­

i s t i c  f lo w e rs  w ith  a  c a ly x  o f  f i v e  in v o lu te  s e p a ls  su rro u n d in g  a  

c o n to r te d ,  fu n n e l- s h a p e d  c o r o l l a  w hich , i n  tu r n ,  e n c lo s e d  f iv e  

s e s s i l e  a n th e r s  i n  th e  mouth o f  th e  tu b e , and  two s h o r t - s t y l e d  

c a r p e l s  on a  f l e s h y  r e c e p t a c l e .  However th e  l a r g e ,  ro u n d  f r u i t s  

w ith  w a r ty , s p o t te d  w a l ls  seem to  have been  th e  m ost s t r i k i n g  

f e a t u r e ,  a s  from  th e s e  was d e r iv e d  th e  name o f  th e  new g en u s;

’ Voa* f r u c t u s . ’Acanga* p in ta d e  ; th e  ’p a in te d  f r u i t ’ .

T h is  p a r t i c u l a r  p l a n t  was a g a in  m en tioned  by RiJmer and 

59S c h u lte s  i n  I 819 , who, i n  memory o f  th e  fo u n d e r  o f  th e  g en u s, 

added  th e  s p e c i f i c  name, V . t h o u a r s i i . However i t  was n o t  u n t i l  

1837 t h a t  th e  f i r s t  d e t a i l e d  d e s c r ip t io n  o f  a member o f  th e  genus
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was made by M eyer^^, v;hen he d e s c r ib e d ,  among many South  A f r ic a n  p l a n t s ,  

a  t r e e  o f  a b o u t t t i r t y  to  f o r t y  f e e t  h ig h  fo u n d  i n  th e  r e g io n  o f  P o r t  

N a ta l ,  naming i t  V .d r e g e i .
6l

I n  1842 a new g en u s, P ip to la e n a . was d e s c r ib e d  by H arvey , He 

s t a t e d ,  how ever, t h a t  h i s  m a te r ia l  f o r  ex am in a tio n  was l im i t e d  to  one 

w ith e re d  f lo w e r  and  i t  was c l e a r  t h a t  he was n o t  f u l l y  c o n v in ced  o f  

th e  s ig n i f ic a n c e  o f  h i s  r e s u l t s .  He i d e n t i f i e d  h i s  m a te r i a l  w ith  

V .d r e g e i . a s  d e s c r ib e d  by M eyer, and  h av in g  no specim en o f  th e  f r u i t ,  

he u se d  M eyer’ s d e s c r ip t io n  o f  th e  f r u i t  o f  Y .d r e g e i  i n  h i s  d e s c r ip t io n  

o f  P ip to la e n a . The p re se n c e  o f  a  d ec id u o u s c a ly x  l i n e d  i n t e r n a l l y  by 

s e v e r a l  rows o f  f l e s h y  s c a le s ,  and c e r t a i n  p r o p e r t i e s  o f  th e  s tig m a , 

c o n v in ced  him t h a t  th e s e  specim ens d id  n o t  b e lo n g  to  th e  genus Voaoanga 

b u t  r e p r e s e n te d  a  new genus o r ,  a l t e r n a t i v e l y ,  a  second  s p e c ie s  o f  th e  

genus Q ro h ip ed a . e s t a b l i s h e d  by Blume^^ i n  1826 from  work on th e  f l o r a  

o f  th e  D utch I n d ie s ,  th e  f i r s t  s p e c ie s  d e s c r ib e d  b e in g  named Q .f o e t id a .

63
I n  1876 , Bentham and Hooker r e f e r r e d  th e  genus V oaoanga. a d m it­

t e d ly  w ith  h e s i t a t i o n ,  to  Tabernaem ontana b u t  th e  c o n fu se d  s i t u a t i o n  

was c l a r i f i e d  by a  rev iew  o f  th e  genus by R o lfe ^ ^ , i n  1 883. Due to  th e  

l a c k  o f  d e t a i l  i n  th e  o r i g i n a l  d e s c r ip t io n  by T houars and  th e  sc a n ty  

h e rb a riu m  m a te r i a l  a v a i l a b l e ,  th e  a c tu a l  e x is te n c e  o f  th e  genus Voaoanga 

was i n  d o u b t b u t  w ith  th e  ad eq u a te  new m a te r i a l s  from  M adagascar, R o lfe  

was c o n v in c ed  he h ad  sam ples o f  th e  p l a n t  o r i g i n a l l y  d e s c r ib e d  by T h o u ars , 

and  he app roved  M ey er 's  d e s c r ip t io n  and  n o m in a tio n  o f  V .d r e g e i .  He a g re e d
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t h a t  Meyer* s p l a n t  was th e  same a s  Harvey* s P ip to la e n a  d r e g e i . h u t  a s  he 

r e t a in e d  i t  i n  th e  genus V oaoanga. th e  l a t t e r  name to o k  p re c e d e n c e . He 

s t a t e d  f u r t h e r  t h a t  V .d re g e i  was i d e n t i c a l  w ith  th e  two s p e c ie s  A n n u la r ia  

n a ta le n s e  and  C yo lostigm a n a ta le n s e  w hich had  been  d e s c r ib e d  by H o ch st i n  

1841 and  1 844* A n o ther p o in t  o f  ag reem ent w ith  H arvey was t h a t  he r e a l ­

i s e d  th e  c lo s e n e s s  o f  th e s e  p l a n t s  to  O rc h ip e d a . an d  c la im e d  th e s e  g en era  

to  be i d e n t i c a l .  Thus O ,f o e t id a  and O .g r a n d if o l i a  became V .f o e t id a  and 

V .g r a n d i f o l i a  b u t  two o th e r  s p e c ie s ,  0 . sum atrana  and  O .g r a o i l i p e s . were 

n o t  th o u g h t to  b e lo n g  to  the  g en u s, Po o t ia  g r a n d i f o l i a  Miq. was a ls o

in c lu d e d  i n  th e  genus a s  V ,g r a n d i f o l i a .

W ith  th e  genus now more f i r m ly  e s t a b l i s h e d ,  new s p e c ie s  were d e s -

65o r ib e d . I n  1884 , R o lfe  named a s p e c ie s  from  th e  P h i l i p i n e  I s l a n d s ,  

V .cu m in g ian a . and  i n  1 894 th r e e  o th e r  s p e c ie s  were named. S ta p f^  d e s ­

c r ib e d  a p l a n t  fo u n d  i n  C e n tr a l  A f r ic a  n e a r  th e  Yuru R iv e r  by S ch w ein fu rth

and i t  was th u s  named V, s c h w e in f u r th i i . and  a n o th e r ,  fo u n d  a t  th e  Bagrao

R iv e r  and  a t  O ld  C a la b a r , V .b r a o te a ta , I n  th e  same y e a r  S ta p f  a ls o  

r e p o r te d  on th e  Apooynaoeous f l o r a  c o l l e c t e d  by th e  S ie r r a  Leone Boundary 

Com m ission, and  named a  i/videly d i s t r i b u t e d  s p e c ie s ,  V ,a f r i c a n a .

I t  i s  r e l e v a n t  to  t h i s  work to  c o n s id e r  th e  two s p e c ie s  V, schwe in ­

f u r t h i i  and V .a f r ic a n a  i n  some d e t a i l ,  V .s c h w e in f u r th i i^ was d e s c r ib e d  

a s  a  bush  w ith  s le n d e r  b ra n c h e s  b e a r in g  o b la n o e o la te  o r  ob long  le a v e s  

whose lam in ae  were g r a d u a l ly  drawn o u t i n to  a  p e t i o l e  o r  c o n tr a c te d  ab ­

r u p t ly  to  g iv e  a  s e s s i l e  fo rm . The apex was a c u te  o r  subacum inate  and
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th e  s u r fa c e  was g la b ro u s .  The in f lo r e s c e n c e  was i n  th e  form  o f  a p seu d o -

umbel b e a r in g  bunches o f  f o u r  to  s ix  f lo w e rs  w ith  t h in  p e d u n c le s  and

d ec id u o u s o b long  b r a c t s .  The c a ly x  was tu b u la r -c a m p a n u la te  w ith  round  to

o v a te  lo b e s .  The y e llo w  c o r o l l a  h ad  tu b e s  and lo b e s  o f  e q u a l l e n g th s ,

th e  lo b e s  b e in g  o b o v a te , a b ru p t  and  s h o r t ly  a cu m in a te . The f r u i t  was

o v a l .  The d im en sio n s  g iv e n  were t h a t  th e  bush  was 5 m. h ig h  w ith  le a v e s

15*3 to  2 0 ,3  om. lo n g  and  4*5 to  6 .3  cm. b ro a d  and th e  p e d ic e l  1 .3  to

2 .5  cm. lo n g . B oth th e  c a ly x , and c o r o l l a  tu b e s  m easured  1 to  1 .3  cm ,,

th e  c o r o l l a  lo b e s  b e in g  n e a r ly  2 cm. lo n g .

7The d e s c r ip t io n  o f  V .a f r ic a n a  was v e ry  s i m i l a r .  I t  was a ls o  a 

bush  o r  low t r e e .  The le a v e s  were e q u a l ly  v a r ia b le  s in c e  th e y  were 

d e s c r ib e d  a s  o b o v a te  to  o b la n o e o la te ,  o r  o c c a s io n a l ly  o b long  to  o v a te .  

They w ere more o r  l e s s  p e t i o l a t e ,  o r  s e s s i l e  and  se m i-a m p le x io a u l. The 

apex  o f  th e  l e a f  v a r ie d  from  s h o r t l y  acum inate  to  e i t h e r  a c u te  o r  o b tu se , 

and th e  s u r fa c e  was g la b ro u s  o r  somewhat h a ix y  on th e  u n d e r s u r f a c e ,  

p a r t i c u l a r l y  on th e  m id rib  and m ain v e in s .  The in f lo r e s c e n c e  was i n  

tw ic e -b ra n c h e d  corym bs w ith  v a ry in g  le n g th s  o f  p e d u n c le . In  th e  c a ly x , 

th e  tu b e  was th e  same le n g th  a s  th e  o b tu s e , somewhat r e f l e x e d  lo b e s .

The c o r o l l a  was w h ite ,  th e  tu b e  w iden ing  i n  th e  m id d le , and  th e  lo b e s  

obovate  o r  o b lo n g . The d im en sio n s g iv e n  f o r  th e s e  s t r u c tu r e s  were t h a t  

th e  bush  was 3 to  5 m, h ig h , le a v e s  6 to  23 cm. lo n g  and  4 ,5  to  12 cm. 

b ro a d , th e  p e t i o l e s  1 to  1 .3  cm. lo n g , the  p e d u n c le s  5 to  15 cm. and  

th e  p e d ic e l s  1 to  2 cm. lo n g , th e  c a ly x  was 8 to  10 mm. lo n g , and  th e
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c o r o l l a  tu b e  was 1 cm. and  th e  lo b e s  1 .3  cm# lo n g .

O th e r d e t a i l s  o f  th e  f lo w e r  and f r u i t  were g iv e n  w hich were n o t  

p r e s e n t  i n  th e  d e s c r ip t io n  o f  V .s c h w e in f u r th i i . The a n th e r s  were 3 mm* 

lo n g , s a g i t t a t e  and a lm o st s e s s i l e .  The two f r e e  c a r p e l s  c o n ta in e d  

num erous o v u le s ;  u s u a l ly  o n ly  one c a rp e l  d ev e lo p ed  to  g iv e  a  s in g le  

f r u i t  w hich was a  b e r r y  w ith  a  th ic k  p e r i c a r p .  The f r u i t  was 4  to  5 cm. 

lo n g  and th e  se ed s  7 .3  mm. lo n g .

I t  w ould be v e ry  d i f f i c u l t  to  d i s t in g u i s h  th e  two s p e c ie s  from  

th e s e  d e s c r ip t io n s  a p a r t  from  th e  d i f f e r e n c e  i n  c o lo u r  o f  th e  c o r o l l a  

and p o s s ib ly  th e  s iz e  o f  th e  f lo w e rs  which i n  V .s c h w e in f u r th i i  a p p ea r 

to  be somewhat l a r g e r  th a n  th o se  o f  V .a f r i c a n a . The s i z e s  o f  o th e r  

c h a r a c te r s  were v e ry  s im i l a r ,  a lth o u g h  th e  ran g e  o f  v a lu e s  i n  Y .a f r ic a n a  

ten d e d  to  be w id e r , p ro b a b ly  due to  th e  g r e a t e r  number o f  p l a n t s  ex­

am ined.

In c lu d e d  i n  S tapf*  s l i s t  o f  so u rc e s  o f  V. a f r i c a n a  was one o f  the  

p l a n t s  from  A ngola c o l l e c t e d  by W elw itsch^^  (No. 3978) i n  1836 , I t  was 

d e s c r ib e d  u n d e r th e  name V .a n g o le n s is . b u t  th e  t i t l e  V»a f r i c a n a  was a ls o  

p r e s e n t  i n  i t a l i c s .  S ta p f  a p p e a re d  to  have a c c e p te d  t h i s  a s  genu ine  

V .a f r ic a n a  though  i t  was a  somewhat sm a lle r  bush  th a n  t h a t  d e s c r ib e d  by 

him , and th e  f lo w e rs  were su lp h u r-y e llo w  i n s t e a d  o f  w h i te .  A lso m en tioned  

were two o th e r  o f  W elw itsch ’ s p l a n t s ,  one (No. 3979) w ith  f lo w e rs  l a r g e r  

th a n  th o se  o f  any specim en o f  V .a f r ic a n a  S ta p f  h ad  se e n , and a n o th e r  

(No* 3980) w ith  th e  same la r g e  f lo w e rs  b u t  w ith  le a v e s  h a v in g  more num­
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e ro u s  v e in s .  S ta p f  c o n c lu d ed  t h a t  th e s e  were b u t  v a r i e t i e s  o f  V .a f r ic a n a . 

y e t  th e  c h a r a c te r s  o u t l in e d  above in d ic a te  t h a t  th e  m a te r i a l s  may have 

been  V ,s c h w e in f u r th i i . However V .a n g o le n s is  l a t e r  a p p e a re d  a s  a sep ­

a r a te  s p e c ie s  i n  In d ex  Kewensis^^*

I n  an a r t i c l e  on th e  f l o r a  o f  German E a s t  A f r i c a ,  Schumann^^ l i s t e d  

f o u r  s p e c ie s  o f  V oaoanga: V .s c h w e in fu r th i i  and  th r e e  new s p e c ie s ,  

V .b o eh m ii. V .a n g u s t i f o l i a  and V. d iohotom a. a lth o u g h  th e  l a t t e r  two were 

d o u b tfu l  s p e c ie s .

E lsew here  Schumann^ o u t l in e d  a c l a s s i f i c a t i o n  o f  th e  gen u s. I t  

was in c lu d e d  i n  a  l i s t  o f  s i x  g e n e ra  u n d er th e  s u b d iv is io n s  P lu m ie ro id e a e . 

P lu m ierae  and  T abernaem on tan inae  o f  th e  fa m ily  A pocynaoeae. The genus 

Voaoanga was d iv id e d  in to  two s e c t io n s ,  1 • O rc h ip e d a . and  2 . S t r e p to -  

s t e \ ...

I n  p l a n t s  o f  th e  f i r s t  s e c t io n  th e  c o r o l l a  tu b e  was s t r a i g h t ,  The 

s e c t io n  was f u r t h e r  su b d iv id e d  a c c o rd in g  to  w h e th e r th e  a n th e r s  were 

e n c lo s e d  i n  th e  c o r o l l a  o r  p r o j e c t in g  beyond i t .  The f i r s t  s u b d iv is io n  

c o n ta in e d  V .f o e t id a  and a  new s p e c ie s ,  V .p ap u an a . b o th  o f  w hich were 

o r i g i n a l l y  d e s c r ib e d  u n d e r th e  genus O rc h ip e d a , No m en tion  was made o f  

V ,g r a n d i f o l i a . a ls o  a  fo rm e r  member o f t h i s  g en u s. The o th e r  su b d iv is io n  

c o n ta in e d  a s in g le  s p e c ie s ,  V . t h o u a r s i i .

I n  th e  second  s e c t io n ,  where th e  c o r o l l a  tube  was tw is te d ,  th e  

c h a r a c te r s  o f  th e  a n th e r s  were a g a in  u se d  a s  a m ethod o f  s u b d iv is io n .

In  th e  s u b d iv is io n  w ith  p r o j e c t in g  a n th e r s ,  th e r e  was one group where
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th e  c o r o l l a  was v e ry  la rg e  and h ad  a f r in g e d  edge, and a second  w ith  a 

s m a lle r  c o r o l l a  and  no f r i n g e d  edge* In  th e  f i r s t  group was a  new 

s p e c ie s ,  V .o b tu s a , c o l l e c t e d  by S ch w ein fu rth  i n  th e  same d i s t r i c t  a s  

th e  o r i g i n a l  V .s c h w e in f u r th i i . w hich b e lo n g ed  to  th e  second  g ro u p .

I n  th e  s u b d iv is io n  where th e  a n th e r s  were e n c lo s e d  o r  o n ly  

s l i g h t l y  p r o j e c t i n g ,  two g ro u p s w ere a g a in  d e s c r ib e d , th e  f i r s t  w ith  a 

g la b ro u s  c o r o l l a ,  and th e  t i p s  o f  th e  c a ly x  lo b e s  r e c u rv e d , th e  second 

h a v in g  a c o r o l l a  w hich was s o f t l y  p u b e sc e n t on th e  back  s u r f a c e ,  and  

whose c a ly x  was q u i te  s t r a ig h t*  The f i r s t  group c o n ta in e d  two new 

s p e c ie s ,  V»d ip lo ch lam y s and  V .g la b r a , b o th  from  th e  Cameroons, I n  th e  

o th e r  group were V .boehm ii and a  new s p e c ie s ,  V .p u b e ru la ,

Two s u r p r i s in g  o m iss io n s  from  t h i s  l i s t  were V .d r e g e i . w hich 

Schumann m en tioned  o n ly  to  say  t h a t  he had  no know ledge o f  i t ,  and  

V .a f r i c a n a , th e  w id e sp re a d  s p e c ie s .  However i t  was i n t e r e s t i n g  to  

n o te  t h a t  th e  volume o f  In d ex  K ew ensis^^ c o v e r in g  th e  y e a r  1895 l i s t e d  

V .g la b ra  a s  b e in g  i d e n t i c a l  to  V ,a f r i c a n a . T hus, a c c e p t in g  t h i s  p o in t ,  

we f i n d  t h a t  V *afr i c a n a  and  V, s c h w e in fu r th i i  were p la c e d  i n  th e  same 

s e c t io n  o f  th e  g en u s , b u t  i n  d i f f e r e n t  s u b d iv is io n s .  L a te r ,  i n  1897, 

Sohumann^^ d e s c r ib e d  a  p l a n t  he named a s  a  v a r i e t y  o f  V. s c h w e in f u r th i i , 

V* s c h w e in f u r th i i  v a r ,  p a r v i f l o r a *

58I n  1899 an a r t i c l e  was p u b l is h e d  by De W ilde man and  Durand d e s ­

c r ib in g  two p l a n t s  fo u n d  i n  th e  r e g io n  o f  L e o p o ld v il le  i n  th e  B e lg ia n  

Congo by Dewevre and  L a u re n t. These p l a n t s  were c o n s id e re d  to  be
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V ,s o h w e in f u r th i i , th e  d e s c r ip t io n  b e in g  v e ry  s im i la r  to  th e  o r i g i n a l  by 

S ta p f  b u t  b e in g  g iv e n  i n  g r e a t e r  d e t a i l  and c o n firm in g  th e  d im ensions 

o f  c a ly x  and  c o r o l l a .

I n  1 902 a  com prehensive  a r t i c l e  on th e  genus was p u b l is h e d  by 

S ta p f^  d e s c r ib in g  each  member i n  d e t a i l ,  and o u t l i n i n g  a f u r t h e r  m ethod 

o f  c l a s s i f i c a t i o n  (T ab le  1 ) .  I n  t h i s  c l a s s i f i c a t i o n  V ,s c h w e in fu r th i i  

and  V ,a f r i c a n a  were d i f f e r e n t i a t e d  by s e v e ra l  p o i n t s .  F i r s t l y  th e  i n ­

f lo r e s c e n c e  o f  V .a f  r i c a n a  was a m any-f low ered  corym b, and  t h a t  o f  

V, s c h w e in fu r th i i  a  pseudo-um bel w ith  o n ly  fo u r  to  s i x  f lo w e r s .  F u r th e r ,  

th e  c a ly x  o f  V .s c h w e in fu r th i i  was ab o u t tw ice  th e  le n g th  o f  t h a t  o f  

V .a f r i c a n a , and  th e  c o r o l l a  y e llo w , n o t  w h ite , V .a n g o le n s is  was d i f f e r ­

e n t i a t e d  from  V .s c h w e in fu r th i i  o n ly  i n  b e in g  somewhat p u b e sc e n t on th e  

young b ra n c h e s  and  le a v e s .

S ta p f  a ls o  s t a t e d  t h a t  th e  p l a n t  f ig u r e d  i n  th e  a r t i c l e  by 

De Wilderaan and  Durand was i n  f a c t  a  p u b e sc e n t form  o f  V .a f  r i c a n a , 

a lth o u g h  no m en tion  was made i n  th e  accom panying d e s c r ip t io n  o f  any 

such p u b e sce n ce . The e x p la n a t io n  o f  t h i s  a p p a re n t  c o n t r a d ic t io n  would 

seem to  be t h a t  th e  a r t i c l e  was th e  r e s u l t  o f  th e  e x a m in a tio n  o f  two 

d i f f e r e n t  p l a n t s ,  and  th e  d e s c r ip t io n ,  w hich was c e r t a i n l y  i n  ag reem ent 

w ith  t h a t  o f  genu ine  V .s c h w e in f u r th i i . f i t t e d  e x a c t ly  one o f  th e  p l a n t s  

( t h a t  o f  D ew evre), w hereas th e  i l l u s t r a t i o n  was o f  th e  o th e r  ( t h a t  o f  

L au re n t)  w hich h ad  p u b e sc e n t sm a ll b ran c h es  and  le a v e s ,  t h a t  i s  a  pub­

e s c e n t  form  o f  V .a f r i c a n a . I t  may be o f  s ig n i f ic a n c e  t h a t  t h i s  p a r t i c u l a r
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T able  1 : C l a s s i f i c a t i o n  o f  th e  genus V oacanea. a c c o rd in g  to  S ta p f .

F low ers  l a r g e  ( lim b  2 i n .  o r  more i n  d ia m .) , w h i te ,  i n  fe w -f lo w e re d , 
racera ifo rm  o r  u m b e llifo rm , v e ry  ro b u s t  i n f lo r e s c e n c e s ;  c a ly x  
w id e - tu b u la r ;  lo b e s  s h o r t ,  e a r ly  c i r c u m s c i s s i l e ;  d is c  c u p u la r ,  
e x ce e d in g  th e  o v a ry .

C alyx  7~8 l i n .  lo n g ; c o r o l l a - tu b e  a s  lo n g  a s  th e  c a ly x ;  le a v e s
f r e q u e n t ly  su b acu te  o r  o b tu se  (b u t  n o t  b ro a d ly  rounded) a t
th e  apex   ............ .. . ................... .................... 1 .  V .o b tu s a .

C alyx  ( r a r e l y  to  7) l i n .  lo n g ; c o r o l l a - tu b e  s h o r t ly  e x s e r te d
from  th e  c a ly x ; le a v e s  u s u a l ly  b ro a d ly  rounded  a t  th e  
apex   ................................................................ ......  2 . V . t h o u a r s i i .

F lo w ers  la r g e  ( lim b  2 i n ,  i n  d iam .) and y e llo w , o r  m id d le - s iz e d  to  
sm a ll and v a r io u s ly  c o lo u re d , i n  few  to  m any -flow ered , raoem - 
ifo rm  to  corym bose in f lo r e s c e n c e s ,  n e v e r  so ro b u s t  a s  i n  th e  
p re c e d in g  s p e c ie s ;  c a ly x  more o r  l e s s  cam p an u la te , lo b e s  as 
lo n g  a s  th e  tube  o r  n e a r ly  so , n o t  o r  v e ry  t a r d i l y  c iro u m - 
s c i s s i l e  a t  th e  b a s e ;  d is c  a n n u la r ,  r a r e l y  o b sc u re .

B ra c ts  cad u co u s; c o ro l la - l im b  r o t a t e ;  lo b e s  a lw ays lo n g e r  th an  
th e  tu b e ,

I n f lo r e s c e n c e s  s h o r t ly  racem iform  o r  u m b e llifo rm , few -
f lo w e re d ; c a ly x  7“ 9 l i n .  lo n g ; c o r o l la - l im b  2 i n .  i n  
diam , o r  a lm o st so .

Young b ra n c h e s , le a v e s  and in f lo r e s c e n c e s  (e x c e p t th e  
f lo w e rs )  more o r  l e s s  p u b e sc e n t, a t  l e a s t  when
y o u n g ............................ .. .....................  3* V^ a n g o le n s is .

Q u ite  g l a b r o u s .................* .«  ........... .. 4* V. s c h w e in f u r th i i .

I n f lo r e s c e n c e s  corym bose, m any-flow ered ; c a ly x  6 -3  l i n .  
lo n g ; c o ro l la - l im b  2 to  l e s s  th a n  1 i n .  i n  diam .

C o ro l la - tu b e  tw is te d ,  6 -4  l i n ,  lo n g .

C alyx  5 -6  l i n ,  lo n g ; c o r o l l a  deep y e llo w  (where th e  
c o lo u r  i s  know n).

L eaves s e s s i l e  o r  s u b s e s s i l e ,  b ro ad  o v a te  o r
e l l i p t i c  ...................  5 . V . s p e c t a b i l i s .

L eaves d i s t i n c t l y  p e t i d e d ,  more o r  l e s s  
la n c e o la te  to
o v a te   ............ .... 6 . V .p u b e ru la ,
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T able  1 -  c o n tin u e d .

C alyx  3&-4& l i n ,  lo n g ; c o r o l l a  n o t  deep y e llo w .

C o ro l la  g re e n is h -y e l lo w ; le a v e s  s e s s i l e ,  r a r e l y
s u b s e s s i l e ...............  7* V . lu te s c e n s .

C o ro l la  w h ite ;  le a v e s  p e t i o l e d  ( p e t i o l e  up to  
6 l i n ,  lo n g ) , r a r e l y
s u b s e s s i le    8 , V .a f  r i c a n a ,

C o ro l la - tu b e  s t r a i g h t ,  3 ^ l i n .  lo n g , 9* V .c h a lo t ia n a

B ra c ts  p e r s i s t e n t ,  more o r  l e s s  crow ded a t  th e  b a se  o f  th e  i n f l o r ­
e sc e n c e ; c o ro l la - l im b  r o t a t e  o r  r e f l e x e d ;  lo b e s  s h o r t e r  th a n  
th e  tu b e .

C o r o l la - lo b e s  a lm o s t a s  lo ng  a s  th e  tu b e , n o t  d a rk e r  th a n  
th e  tu b e ; lim b r o t a t e .

C alyx  7 -8  l i n ,  lo n g , s p a r in g ly  g la n d u la r  i n s i d e ;  
lo b e s  o b lo n g ; c o r o l la - tu b e  7 -8  l i n .  
lo n g       1 0 . V .p s i lo c a ly x .

C alyx  4 -5  l i n .  lo n g , m u lt ig la n d u la r  i n s i d e ;  lo b e s  
r o tu n d a te ;  c o r o l la - tu b e  5 - 5'2 l i n .  
l o n g ..........................................1 1 . V. z e n k e r i .

C o r o l la - lo b e s  h a l f  a s  lo n g  a s  th e  tu b e  o r  l e s s ,  f l a t  and 
d a rk  when d ry ; lim b  t i g h t l y  r e f l e x e d .

Leaves ( a t  l e a s t  below  and  when young) and i n f l o r ­
e sc e n c e s  f i n e l y  p u b e sc e n t;  c a ly x  5 “^ l i n .  
lo n g , w ith  a zone o f  g la n d s  above th e  b a s e ;  
lo b e s  r e f l e x e d ,  r a t h e r  lo n g e r  th a n  th e  tu b e ;  
c o r o l l a  g r e e n i s h ............ 1 2 . V .d ip lo c h la m y s .

L eaves and in f lo r e s c e n c e s  g la b ro u s ;  c a ly x  4 “4 i  l i n ,  
lo n g , w ith  a  r in g  o f  g la n d s  a t  th e  v e ry  b a s e , 
lo b e s  u s u a l ly  p o r r e o t ,  a s  lo n g  a s  o r  s h o r te r  
th a n  th e  tu b e ; c o ro l la - l im b  
v io le t-b ro w n  *................... 1 3* V .b r a c te a ta .
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c h a r a c te r  was th e  o n ly  d i f f e r e n c e  betw een V, s c h w e in fu r th i i  and  V . a n g o l-  

e n s i s .  I t  w ould a p p e a r  t h a t  S ta p f  was s t i l l  n o t  q u i te  co n v in ced  t h a t  

D ew evre '8 p l a n t  was V .s c h w e in f u r th i i  a s  th e  o n ly  d e f i n i t e  so u rce  g iv e n  

by  him f o r  t h i s  s p e c ie s  was th e  o r i g i n a l  one o f  S c h w e in fu rth ,

Under th e  d e s c r ip t io n  o f  V .a f  r i c a n a , S ta p f  in c lu d e d  V. g la b ra  

and  V. s c h w e in fu r th i i  v a r .  p a r v i f l o r a . b o th  f i r s t  d e s c r ib e d  by Schumann, 

and a n o th e r  p l a n t  from  th e  Cam eroons, a t  f i r s t  th o u g h t to  be V. sohw ein-  

f u r t h i i . was now a ls o  in c lu d e d  a s  V .a f r i c a n a , a lth o u g h  th e  c o r o l l a  tu b e  

was a lm o s t ^  .3  cm. lo n g , t h a t  i s  somewhat lo n g e r  th a n  S ta p f  e x p e c te d  i n  

V .a f r i c a n a , b u t  j u s t  a c c e p ta b le  a c c o rd in g  to  h i s  c l a s s i f i c a t i o n .

I t  was th u s  q u i te  c l e a r  t h a t  a lth o u g h  S ta p f  d e s c r ib e d  a  system  

w h e re in  V .s c h w e in f u r th i i  and  V .a f r ic a n a  were d i s t i n c t l y  s e p a ra te d ,  a 

g r e a t  d e a l  o f  c o n fu s io n  s t i l l  e x i s te d .

The a r t i c l e  a ls o  added s e v e ra l  new s p e c ie s  -  V . s p e c t a b i l i s . 

V . lu te s c e n s . V .p s i lo c a ly x . V .z e n k e r i  and V .o a u d i f lo r a . V .b o e h m ii. 

V .d icho tom a and  V .d e n s i f lo r a  w ere l i s t e d  a s  d o u b tfu l  s p e c ie s ,  th e  

l a t t e r  i n  f a c t  b e a r in g  no d e s c r ip t io n .  A lso , a p l a n t  a t  f i r s t  named 

a s  a  s e p a ra te  s p e c ie s ,  V . k l a i n i i . was l i s t e d  u n d e r V .p u b e ru la . F in a l ly ,  

S ta p f  a d v o ca te d  t h a t  th e  M alayan s p e c ie s  h av in g  th e  c o r o l l a  tu b e  much 

p ro lo n g e d  beyond th e  stam ens sh o u ld  be r e p la c e d  i n  th e  genus O rc h ip e d a . 

r a t h e r  th a n  b e in g  c o n s id e re d  a s  a  s e c t io n  o f  V oacanga a s  su g g e s te d  by 

R o lfe  and Schumann.
P

I n  1908 and 1909 a n o th e r  two s p e c ie s  from  th e  P h i l i p i n e s  ware
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71 72named, V .p lu m e r ia e fo l ia  and  V .g lo b o sa  , and  y e t  a n o th e r  i n  1912,
- y ?  —i i  *7p-

V .m egaoarpa Then i n  1913 and 1914 Wernham d e s c r ib e d  f i v e  new

N ig e r ia n  s p e c ie s ;  V .m a g n ifo l ia ; V .o b a n e n s is . somewhat s im i la r  to  

V .z e n k e r i  b u t  w ith  l a r g e r  le a v e s ,  lo n g e r  p e t i o l e s  and  lo n g  c o r o l l a  

tu b e  and  lo b e s ;  V . t a l b o t i i . s im i la r  to  V .d ip lo ch lam y s b u t  even  l e s s  

h a i r y  and  w ith  s m a lle r  f lo w e rs ;  V .e k e te n s i s . s i m i l a r  to  V .p u b e ru la  

b u t  much l e s s  h a i r y ;  and V .e la b e r r im a . d e s c r ib e d  a s  a v e ry  d i s t i n c t  

s p e c ie s ,  c l o s e s t  to  V .o a u d if lo r a  b u t  w ith  much l a r g e r  and  b ro a d e r  

l e a v e s ,  and  b ro a d e r  c o r o l l a  lo b e s .

Between 1914 and  1928 o n ly  f i v e  new s p e c ie s  w ere named. One 

was from  th e  B e lg ia n  Congo, V .b e g u a e r t i^^ ; one from  New G-uinea,

V .v e r s t e e g i i ^^^; one from  B orneo, V. h a v i l a n d i i ^ ^ . and  two from  th e
r 79

P h ilip in e s  , V. doliohocalyx and V .la t i fo l ia  ,

A n other c l a s s i f i c a t i o n  o f  th e  members o f  th e  genus from  W est 

A f r ic a  was p u b l is h e d  by H u tch in so n  and D a lz ie l^ ^  i n  1931 • They red u c ed  

th e  t o t a l  number o f  s p e c ie s  to  s ix ,  p la c in g  many o f  th o se  more r e c e n t ly  

d e s c r ib e d  u n d e r e a r l i e r  s p e c i f i c  names. Under V .a f r i c a n a  were l i s t e d  

fo u r  o f  Wernham*s N ig e r ia n  s p e c ie s ,  V .e k e te n s i s . V .g la b e r r im a . V .m agni-  

f o l i a  and  V . t a l b o t i i ; and a n o th e r  two o f h i s  s p e c ie s ,  V .o b a n e n s is  and 

V .p s i lo c a ly x . were in c lu d e d  u n d e r V .z e n k e r i . The o th e r  f o u r  s p e c ie s  i n ­

c lu d e d  i n  th e  c l a s s i f i c a t i o n  w ere V .o b tu s a . V .o a u d i f lo r a . V .d ip lo ch lam y s 

and  V .b r a c t e a t a . T here was no m ention  o f  V .s c h w e in f u r th i i .

I n  1935, one o f  th e  O rch ip ed a  s p e c ie s ,  O .g r a c i l i p e s . th o u g h t by
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R o lfe ^ ^  n o t  to  be e l i g i b l e  f o r  in c lu s io n  i n  th e  genus V oaoanga, was

81renam ed V .^ r a c i l i p e s  by M arkgraf

5The m ost r e c e n t  su rv ey  o f  the  genus was i n  1 947 by P iohon  , and 

a lth o u g h  th e  t i t l e  o f  th e  a r t i c l e  was 'L e s  V oacanga d 'A f r iq u e ’ , he i n  

f a c t  d is c u s s e d  th e  w hole g en u s . He b a se d  h i s  c l a s s i f i c a t i o n  q u i te  

d i f f e r e n t l y  from  p re v io u s  w o rk e rs , c la im in g  t h a t  th e  f a c t o r s  th e y  

r e l i e d  upon, f o r  exam ple th e  p re se n c e  o r  absence  o f  a  p e t i o l e ,  th e  

ty p e  o f  i n f lo r e s c e n c e ,  th e  s iz e  o f  th e  b r a c t s ,  th e  c o lo u r  o f  th e  

c o r o l l a  and le n g th  o f  th e  c o r o l l a  lo b e s ,  were too  v a r i a b l e .  He fo u n d  

t h a t  th e  t o t a l  le n g th  o f  th e  c a ly x  and p a r t i c u l a r l y  th e  le n g th  o f  th e  

tu b e  o f  th e  expanded c o r o l l a ,  were s p e c i a l l y  s u i t a b l e  q u a n t i t a t iv e  

s ta n d a rd s .  A lso  u se d  w ere th e  form  o f  th e  l e a f  b a se  and th e  p re se n c e  

o r  ab sence  o f  an indumentum a t  th e  b a se  o f  th e  s tam ens, a lth o u g h  he 

f e l t  t h a t  th e s e  two f a c t o r s  had  l i t t l e  r e a l  s y s te m a tic  v a lu e .

T h is  c l a s s i f i c a t i o n  (T ab le  2) a u to m a t ic a l ly  re d u c e d  th e  t o t a l  

number o f  s p e c ie s .  He a p p lau d ed  H u tch in so n  and D a l z i e l ’ s move i n  

g ro u p in g  th e  N ig e r ia n  s p e c ie s  and c la im ed  i t  was now n e c e s s a ry  to  go 

f u r t h e r  and  demote V .z e n lc e r i . V . lu te s c e n s . V .p u b e ru la . V .a n s o le n s i s . 

V .o b tu sa  and V. d re g e i  from  th e  s t a tu s  o f  d i s t i n o t  s p e c ie s ,  i l l  though 

he h ad  n o t exam ined them h im s e l f ,  he e x p e c te d , from  t h e i r  d e s c r ip t io n s ,  

t h a t  V. d ip lo c h lam y s and V .b e q u a e r t i  would have to  be d e a l t  w ith  s im i l ­

a r l y ,  One s p e c ie s ,  V .d io h o to m a. was e x c lu d ed  a l t o g e t h e r .

He d is a g re e d  w ith  S ta p f^  t h a t  th o se  s p e c ie s  c la s s e d  under th e  

name O rch ipeda  sh o u ld  be a  s e p a ra te  g en u s, a s  th e y  h ad  o n ly  one c h a r a c te r
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T ab le  2 : C l a s s i f i c a t i o n  o f  th e  genus V oaoanga. a c c o rd in g  to  P ich o n ,

S e c t .  1 . S tre p to s te p h a n u s  K.Schum.

C alyx  t a r d i l y  c i r c u m s c i s s i l e ,  w ith  40-150 g la n d u la r  s c a le s ,
C o ro l la - tu b e  5*5-18  mm. lo n g , stam ens above th e  m id d le , 
r o t a t e d  to  th e  r i g h t  i n  th e  s ta m in a l  r e g io n ;  indumentum 
fo rm ed  below  th e  s tam en s, a t  l e a s t  on th e  s ta m in a l  v e in s .
D isc  f r e e  o r  s h o r t ly  a d n a te  a t  th e  b a s e .  C a rp e ls  f r e e  o r
n e a r ly  f r e e .

B ra c ts  p e r s i s t e n t .  C alyx  lo b e s  s t r a i g h t  a t  th e  t i p .

L a rg e s t  le a v e s  6 cm. lo n g . C alyx  4 -6  mm, lo n g . C o ro l la - tu b e  
7 .7 -9 * 5  mm. l o n g .................... V .m io ra n th a .

L a rg e s t  l e a v e s  9-21 cm. lo n g . C alyx  7 -17  mm. lo n g . C o r o l la -  
tu b e  9 -18  mm. lo n g .

C alyx  7 -1 0 .5  mm. lo n g . C o ro l la - tu b e  9-11 mm. lo n g
............................ ............................. ......................... V .b r a c t e a t a .
C alyx  11 .5 -1  7 mm, lo n g . C o ro l la - tu b e  14-1 8 mm, lo n g  
 ............................ ...................................... .. V .p s i lo c a ly x ,

B ra c ts  n o rm a lly  cad u co u s. C alyx  lo b e s  more o r  l e s s  sp re a d  o u t  
o r  re c u rv e d  a t  th e  t i p .

C alyx  5*5-10 mm. lo n g . C o ro l la - tu b e  5*5-9  mm. lo n g  
.............. ...........................................................................  V .a f  r i c a n a .

L eaves drawn o u t  a t  th e  b a s e .

V e g e ta tiv e  p a r t s  g la b ro u s  . . . . . . .  v a r .  g l a b r a .
B ranches and  young p e t i o l e s

p u b e sc e n t  .................................. .. v a r .  t y p i c a .

L eaves a u r i c u la t e  and a m p lex ic au l a t  th e  b a s e .

V e g e ta tiv e  p a r t s  g la b ro u s  . . . . . . . .  v a r ,  a u r i c u l a t a .
B ranches and  young p e t i o l e s

p u b e sc e n t  .......................  v a r ,  l u t e s c e n s .

C alyx  9*5-1 6 mm, lo n g , C o ro l la - tu b e  1 2 .5-1  7 mm. lo n g  
..................... ........................................................... V. s c h w e in f u r th i i .

V e g e ta tiv e  p a r t s  g la b ro u s  . . . . . . . .  v a r .  t y p i c a .
B ranches and young p e t i o l e s

p u b e sc e n t  ............ v a r .  p u b e iu la .
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T ab le  2 -  c o n tin u e d .

S e c t.  2 . C h a lo t ia  nov.

C alyx  t a r d i l y  c i r c u m s c i s s i l e  a t  th e  b a s e , w ith  20-35 g la n d u la r  s c a le s .  
C o ro l la - tu b e  4*5“5*5 mm, lo n g , stam ens above th e  m id d le , s t r a i g h t ,  
indumentum form ed below  th e  stam ens. D isc w h o lly  a d n a te  to  th e  
o v a ry , th u s  s c a r c e ly  d i s t i n o t .  C a rp e ls  p a r t l y  jo in e d  a t  th e  b a s e , 

                    . . . . . . ................................  . . .  V .c h a lo t ia n a .

S e c t, 3* O rch ipeda  (B 1 .) K .Soh.

C alyx v e ry  e a r ly  c i r c u m s c is s i l e  (from  th e  b u d ) , w ith  200-750 g la n d u la r  
s c a le s ,  C o ro l la - tu b e  7.5-& 0 mm. lo n g , stam ens a r i s i n g  a t  v a r io u s  
p o i n t s ,  s t r a i g h t  o r  r o t a t e d  to  th e  r i ^ t  i n  th e  s ta m in a l r e g io n ;  
no indumentum d ev e lo p ed  below  th e  stam ens. D isc f r e e  o r  s h o r t ly  
a d n a te  a t  th e  b a s e . C a rp e ls  f r e e  o r  n e a r ly  f r e e .

B re v itu b a e  -  C o ro l la - tu b e  7*5-22 mm, lo n g , s tam ens above th e  
m iddle  ............ .................... ............... V. t h o u a r s i i  *

D isc s h o r t e r  th a n  th e  o v a ry .............................. v a r .  d r e g e i .
D isc lo n g e r  th a n  th e  o v a ry  and  h id in g  i t  c o m p le te ly
 .......... . ................................................... v a r .  o b tu s a .

A lso , V .g r a n d i f o l i a , V .p ap u an a , V . i r o s i n e n s i s . V .v e r s t e e g i i  
and  V .h a v i l a n d i i .

L o n g itu b ae  -  C o ro l la - tu b e  30-&0 mm. lo n g , stam ens below  th e  m id d le .

V .g lo b o s a , V .d o l ic h o c a ly x . V .m egacarpa , V .g r a c i l i p e s . 
V . l a t i f o l i a  and  V .p lu m e r ia e f o l ia .
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w hich was q u i te  d i s t i n c t  from  th e  o th e r  s p e c ie s ,  t h a t  i s  p ro lo n g a t io n  

o f th e  c o r o l l a  tube  beyond th e  stam ens; th e y  were n o t  even  a d i s t i n c t  

g e o g ra p h ic a l  g ro u p . Thus he fo llo w e d  Schumann’ s^ exam ple o f  d iv id in g  

th e  genus i n to  s e c t io n s ,  ad d in g  one new one , C h a lo t i a . to  th e  o r i g i n a l  

tw o. St r e p to s te p h a n u s  and O rc h ip e d a . He a ls o  t r a n s f e r r e d  V .o b tu sa  

from  S tre p to s te p h a n u s  to  O rc h ip e d a . C h a lo t ia  c o n ta in e d  o n ly  one s p e c ie s ,  

V .c h a lo t ia n a  from  th e  Congo. O rch ipeda  had  tw elve  s p e c ie s ,  one from  

A f r ic a  and th e  o th e r s  from  A u s t r a l a s i a ,  and was d iv id e d  in to  e q u a l 

g roups a c c o rd in g  to  th e  le n g th  o f  th e  c o r o l l a  tu b e . The s u b s e c t io n  

B re v itu b a e  in c lu d e d  V . t h o u a r s i i . V .g ran  d i f o l i a . V .papuana and  V . i r o s -  

i n e n s i s  E lm er and o th e r  two s p e c ie s ,  n o t  s tu d ie d  by P ic h o n , V .v e r s t -  

e e g i i  and  V .h a v i l a n d i i . F u r th e r ,  V . th o u a r s i i  was su b d iv id e d  i n to  th e  

v a r i e t i e s  d re g e i  and  o b tu s a . The o th e r  s u b s e c t io n , L o n g itu b a e . con ­

t a in e d  V .g lo b o s a . V .d o l ic h o c a ly x . V .m egacarpa . V .g r a o i l i p e s . V . l a t i ­

f o l i a  and  V. p lume r i  ae fq  l i  a . a lth o u g h  P iohon  h im s e l f  h ad  o n ly  s tu d ie d  

the  f i r s t  o f  th e s e .  The two s p e c ie s  w ith  which t h i s  work i s  p r im a r i ly  

co n ce rn ed  were b o th  p la c e d  i n  th e  s e c t io n  S tr e p to  s te p h a n u s  w hich was 

su b d iv id e d  i n i t i a l l y  a c c o rd in g  to  w h e th er th e  b r a c t s  w ere p e r s i s t e n t  

o r  n o t .  T hree s p e c ie s  were named w ith  p e r s i s t e n t  b r a c t s ,  V .m io ra n th a . 

a  s p e c ie s  from  Gabon d e s c r ib e d  f o r  th e  f i r s t  tim e by  P ic h o n , V .b r a o te a ta  

and V .p s i lo c a ly x . V .b r a c te a ta  was ta k e n  to  in c lu d e  th e  fo rm er s p e c ie s  

V .z e n k e r i  and  V .o b a n e n s is . O nly two s p e c ie s  were d e s c r ib e d  w ith  d e c id ­

uous b r a c t s ,  V .a f  r i c a n a  and  V. s c h w e in f u r th i i . w hich a re  d is c u s s e d  i n
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d e t a i l  be low . T hree o th e r  s p e c ie s ,  V .o a u d i f lo r a . V .d e n s i f lo r a  and 

V .b o eh m ii. a lth o u g h  n o t  exam ined, were a ls o  p la c e d  i n  th e  s e c t io n  

S t r e p to s te p h a n u s .

The s p e c ie s  V .a f r ic a n a  and  V .s c h w e in fu r th i i  were s e p a ra te d  on two 

p o in t s  o n ly , th e  s i z e s  o f  c a ly x  and  o f  c o r o l l a  tu b e . The ran g e  o f  th e  

le n g th  o f  c a ly x  f o r  V .a f r ic a n a  was 5 .5  to  10 mm., and f o r  V. schw ein­

f u r t h i i  . 9*5 to  1 6 mm. The s iz e  o f  th e  c o r o l l a  tu b e  i n  V .a f r ic a n a  was 

5 .5  to  9 mm. lo n g , and  i n  V. s c h w e in f u r th i i . 1 2 .5  to  17 mm. I t  i s  th u s  

seen  t h a t  a s  a  v e ry  s l i g h t  o v e r la p  o f  th e  v a lu e s  o f  c a ly x  le n g th  e x i s t s  

be tw een  th e  two s p e c ie s ,  i t  i s  o n ly  on one s p e c i f i c  p o in t ,  th e  le n g th  

o f  th e  c o r o l l a  tu b e , t h a t  th e y  can  be r e l i a b l y  d i f f e r e n t i a t e d .

In c lu d e d  u n d e r th e s e  two s p e c ie s  were s e v e ra l  p l a n t s  p re v io u s ly  

c o n s id e re d  a s  s p e c ie s  i n  t h e i r  own r i g h t .  T h is  gave r i s e  to  th e  i n t r o ­

d u c tio n  o f  s e v e r a l  v a r i e t i e s  w i th in  th e s e  s p e c ie s ,

V .a f r ic a n a  was d iv id e d  a c c o rd in g  to  w h e th er th e  lam ina  was some­

w hat d e c u r r e n t  a t  th e  b a s e , o r  a u r i c u la t e  and se m i-a m p le x ic a u l. Each 

s u b d iv is io n  was th e n  f u r t h e r  su b d iv id e d  a c c o rd in g  to  w h e th e r  th e  v e g e t­

a t i v e  p a r t s  were q u i te  g la b ro u s  o r  had  some p u b e sc e n c e , p a r t i c u l a r l y  on 

b ra n c h e s  and  p e t i o l e s .  The g la b ro u s  and p u b e sc e n t ty p e s  w ith  d e o u rre n t  

b a s e s  were v a r ,  g la b r a  and v a r ,  ty p ic a  r e s p e c t iv e ly ;  and  w ith  a u r i c u la t e  

b a s e s ,  v a r .  a u r io u l a t a  and v a r .  lu te s c e n s  r e s p e c t iv e ly .  In c lu d e d  u n d er 

V .a f r ic a n a  v a r .  g la b r a  were th e  fo rm er s p e c ie s  V .g la b r a . V ,s c h w e in fu r th i i  

v a r. p a r v i f l o r a . V .m a g n ifo lia  and  V. t a l b o t i i ; u n d er v a r ,  ty p ic a  was
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V .a m p le x io a u l is ; u n d e r var, lu te s o e n s  was V ,lu te s o e n a .

Only two v a r i e t i e s  o f  V ,s o h w e in fu r th ii  w ere d e s c r ib e d ,  th e  f i r s t

w ith  g la b ro u s  v e g e ta t iv e  p a r t s ,  v a r ,  t y p ic a . w hich in c lu d e d  th e  fo rm er

s p e c ie s  V .g la b e r r im a  and  V .b e q u a e r t i . and  th e  second  w ith  pubescence

on b ra n c h e s  and p e t i o l e s ,  v a r .  p u b e ru la . w hich in c lu d e d  V ,d ip lo c h la m y s .

V .p u b e ru la . V .a n g o le n s is . V . s p e c t a b i l i s . V .k l a i n i i  and  V .e k e te n s i s .

The i n c lu s io n  o f  V .d ip lo ch lam y s a s  a  v a r i e ty  o f  V .s o h w e in fu r th i i  was

82a t ta c k e d ,  how ever, by  B renan  , who c o n s id e re d  i t  q u i te  d i s t i n c t  from  

t h i s  s p e c ie s .

No m en tion  was made i n  P ic h o n 's  a r t i c l e  o f  V . le m o s i i . a n o th e r
O 7

A fr ic a n  s p e c ie s  d e s c r ib e d  i n  1944 by P h i l ip s o n  , and  s in c e  1947 one 

more s p e c ie s ,  from  B orneo, h a s  been  d e s c r ib e d  by M ark g ra f^ ^ , V .b o rn -  

e e n s i s .

From t h i s  su rv e y  i t  i s  th u s  seen  t h a t  from  1 894 u n t i l  th e  

p r e s e n t ,  V .a f r ic a n a  and  V .s c h w e in fu r th i i  have b een  c o n tin u o u s ly  

r e c o g n is e d  a s  two q u i te  d i s t i n c t  s p e c ie s  o f  th e  genus V oaoanga. i n  

s p i t e  o f  th e  g r e a t  amount o f  c o n fu s io n  and c o n tro v e rs y  and  th e  

s e v e r a l  m ethods o f  c l a s s i f i c a t i o n  w hich have e x i s t e d .  N e v e r th e le s s ,
5

a c c o rd in g  to  th e  m ost r e c e n t  r e p o r t  , th e  d i f f e r e n c e  betw een  them i s  

v e ry  s m a ll , and  a t  d i f f e r e n t  tim e s  v a r io u s  p a r t i c u l a r  p l a n t s  have 

b een  a t t r i b u t e d  to  b o th  s p e c ie s .
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C hem istry  o f  th e  Voaoanga a lk a lo i d s

OoGurrenoe o f  a lk a lo id s  i n  th e  genus V oaoanga,

The f i r s t  i n v e s t i g a t i o n  o f  th e  ch em ica l c o n s t i t u e n t s  o f  a  p l a n t
85

o f  th e  genus Voaoanga was r e p o r te d  by G re sh o ff  i n  I 89O, a s  p a r t  o f  a

sy s te m a tic  i n v e s t i g a t i o n  o f  th e  m e d ic in a l and  p o iso n o u s  p l a n t s  o f  J a v a .

He exam ined V .f o e t id a  and  r e p o r te d  th e  p re se n c e  o f  an  a lk a lo id ,  w ith

a  s h a rp ly  b i t t e r  t a s t e ,  i n  th e  b a rk  (0 ,1 5  p e r  c e n t)  and  p e r ic a r p

( 0 ,2 5  p e r  c e n t)  b u t  a b s e n t  from  th e  seed s and l a t e x .  The o n ly  p ro p e r ly

g iv e n  was i t s  re a d y  s o l u b i l i t y  i n  e th e r .  G re sh o ff  a ls o  m en tioned  th e

p re se n c e  o f  a  b row nish  a lk a lo i d a l  s u b s ta n c e , w ith  a b lu e  f lu o r e s c e n c e ,

w hich made i s o l a t i o n  o f  th e  f i r s t  a lk a lo id  d i f f i c u l t .  T h is  i n t e r f e r i n g

su b s ta n c e  was a ls o  r e p o r te d  p r e s e n t  i n  th e  c lo s e ly  r e l a t e d

p l a n t , O o h ro s ia  acu m in a ta .

More p r e c i s e  i n v e s t i g a t i o n s  o f  th e  c h e m is try  o f  th e  genus were

n o t  c a r r i e d  o u t  u n t i l  1955 when two r e s e a rc h  g ro u p s r e p o r te d  a lm o st

s im u lta n e o u s ly , Q u e v a u v il le r  e t  a l ,^ ^  showed t h a t  t o t a l  e x t r a c t s  o f

th e  b a rk s  o f  V ,a f r ic a n a  S ta p f  and V, t h o u a r s i i  Hoem, and  S c h u lt ,  v a r ,

o b tu sa  (K, Schum,) P iohon  h ad  m arked h y p o te n s iv e  p r o p e r t i e s ,  and a

s e r i e s  o f  p a p e rs  fo llo w e d  on th e  i s o l a t i o n  and  c h a r a c t e r i s a t i o n  o f

i n d iv id u a l  a lk a lo id s  from  t h i s  e x t r a c t .  La B arre  and  G il lo ^  r e p o r te d

on th e  c a r d io to n ic  a c t io n  o f  two a lk a lo id s  i s o l a t e d  from  V .a f r ic a n a .

9J a n o t  and G o u ta re l  i s o l a t e d  voacam ine and v o b tu s in e  from  th e
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r o o t s  and t ru n k  b a rk  o f  V ,a f r ic a n a . The a lk a lo id s  were e x t r a c t e d  w ith  

a c e t i f i e d  a lc o h o l ,  p r e c i p i t a t e d  by c o n c e n tr a t io n ,  b a s i f i e d  w ith  ammonia 

and e x t r a c t e d  w ith  e t h e r ,  th e n  s e p a ra te d  by a d s o rp t io n  chrom atography  

on a lu m in a .

The two a lk a lo id s  i s o l a t e d  s im i l a r ly ,  by  La B a rre  and  G i l lo ^ ,  from

th e  r o o t  o f  V .a f r ic a n a  w ere named voacang ine  and v o a c a n g in in e . V oaoan-

1 2 22g in in e  was su b se q u e n tly  s t a t e d  to  be i d e n t i c a l  to  voacam ine  ̂ , th e

2^l a t t e r  name b e in g  r e t a in e d  by p reced en ce  ' .
1 0J a n o t  and  G o u ta re l l a t e r  co n firm ed  th e  p re s e n c e  i n  t h e i r  m a te r ia l

o f  v o a ca n g in e . The i s o l a t i o n  o f  a n o th e r  a lk a lo id  was a ls o  r e p o r te d ,  t h i s

base  h a v in g  a l l  th e  c h a r a c t e r i s t i c s  o f  voacam ine e x c e p t t h a t  i t s  m e ltin g -

p o in t  was much h ig h e r ,  A s im i l a r  o c cu rren c e  had  b een  n o te d  w ith  th e
87V inca  a lk a lo id ,  v inoam ine , The p re se n c e  o f  t h i s  f o u r th  a lk a lo id  was

11co n firm ed  by La B a rre  e t  a l , , who named i t  v o aoam in ine .

In  th e  fo l lo w in g  y e a r  b o th  team s i s o l a t e d  a f i f t h  a lk a lo id ,

12 13G o u ta re l and  J a n o t  i s o l a t e d  v o a c o rin e  and La B a rre  and G il lo  , v o a-

b a l i n e .  The c lo s e  s i m i l a r i t y  o f  th e s e  two a lk a lo id s  was n o te d  and 

s e v e ra l  w o rk e rs  c o n s id e re d  them i d e n t i c a l A l s o ,  P e rch e ro n ^ ^  

d o u b ted  th e  e x is te n c e  o f  voao ami n in e  and su g g e s te d  i t  m igh t be a m ix­

tu re  o f  voacam ine and  v o a c o r in e . However t h i s  s u g g e s t io n  does n o t  seem

89
to  have been  a c c e p te d  g e n e r a l ly  .

S ince 1 V, a f r i c a n a  h a s  been  f u r t h e r  exam ined by v a r io u s  w o rk e rs  

and s e v e ra l  o th e r  a lk a lo id s  have been  d e s c r ib e d . U sing  th e  c o u n te r -
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c u r r e n t  te c h n iq u e , R enner^^  i s o l a t e d  from  th e  t ru n k  b a rk  voaoam idine

(a n  iso m er o f  voacam ine) and v o a o r i s t i n e .  I n  1958, S tau ffachei*  and  

15Seebeck e lu t e d  th e  a lk a lo i d a l  f r a c t i o n s  v o a c a n g in e , voacam ine, voa­

c a m in e /v o b tu s in e , and , f i n a l l y ,  v o a co rin e  from  an a lum ina  chrom atogram  

o f  th e  c rude  base  o f  V .a f r i c a n a . U sing c o u n te r - c u r r e n t  d i s t r i b u t i o n  

betw een  c h lo ro fo rm  and p h o s p h a te - c i t r a t e  b u f f e r ,  a t  pH 2 ,9 ,  fo llo w e d

by f u r t h e r  ch rom atography  on a lu m in a , th e y  a ls o  o b ta in e d  an a lk a lo i d
90

w hich th e y  named v o a c a n g a r in e . However, R enner and P r in s  c la im e d

t h a t  t h i s  a lk a lo i d  was i d e n t i c a l  to  t h e i r  v o a o r i s t i n e .

A lso  i n  1958 , Rao^^ d e s c r ib e d  th e  p re se n c e  o f  two f u r t h e r  a lk a lo id s ,

17v o a c a f r in e  and v o a o a f r ic in e ,  i n  th e  trunlc b a rk  o f  V. a f r i c a n a . R enner 

s e p a ra te d  th e  a lk a lo id s  v o b asin e  and v o a c ry p tin e .

Thus V .a f r ic a n a  a p p e a rs  to  c o n ta in  a t  l e a s t  e le v e n  a lk a lo i d s ,  

nam ely , voacam ine, v o b tu s in e , v o a ca n g in e , voaoam in ine , v o a c o r in e , v o a - 

0a m id in e , v o a o r i s t i n e ,  v o a c a f r in e ,  v o a o a f r ic in e ,  v o b a s in e  and v o a c ry p tin e . 

A lthough  m ost o f  th e  r e p o r t s  do n o t  g iv e  d e t a i l s  o f  y i e l d s  o f  i n d iv id u a l  

a lk a lo i d s ,  i t  w ould seem re a s o n a b le  to  sa y , from  th e  r e a d in e s s  o f  t h e i r  

i s o l a t i o n ,  t h a t  th e  m ajo r a lk a lo id s  o f  t h i s  p l a n t  a re  voacam ine, vob­

tu s in e ,  v o acan g in e  and v o a c o r in e ,

V . th o u a r s i i  v a r ,  o b tu sa  was a ls o  exam ined by J a n o t  e t  a l . ^ '^ 0^86 

and fo u n d  to  c o n ta in  s e v e r a l  o f  th e  a lk a lo id s  i s o l a t e d  from  V ,a f r ic a n a .

nam ely voacam ine, v o b tu s in e  and v o acan g in e ,
5

V .d r e e e i . w hich a cc o rd in g  to  P iohon  i s  n o t  a  s e p a ra te  s p e c ie s
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b u t  a v a r i e t y  o f  V . t h o u a r s i i . was exam ined i n  1 932 by R in d l and 

55Groenwoud who c o u ld  i s o l a t e  no c r y s t a l l i n e  m a te r i a l  from  th e  b a rk .

1 8However, i n  1958 , S c h u le r  e t  a l . found  v o b tu s in e  a s  th e  so le  a lk a lo id

o f  th e  r o o t  b a rk , and , accom panied by g r e a t e r  q u a n t i t i e s  o f  v o a ca n g in e ,

i n  th e  stem  b a rk . The two a lk a lo id s  were s e p a r a te d  on th e  b a s i s  o f  th e

i n s o l u b i l i t y  o f  v o b tu s in e  i n  e th a n o l .  S h o r t ly  a f t e r  t h i s ,  N euss and 

19Cone r e p o r te d  th e  p re se n c e  o f  a  new a lk a lo id ,  d reg am in e , i n  th e  t ru n k  

b a rk  o f  t h i s  p l a n t  b u t  th e y  were u n ab le  to  f i n d  v o b tu s in e  o r  v o a ca n g in e . 

Such com plete  c o n f l i c t  o f  o b s e rv a t io n s  th row s doub t on th e  a u th e n t i c i t y  

o f  th e  m a te r i a l s  exam ined.

20I n  1957, J a n o t  e t  a l . d e s c r ib e d  th e  i s o l a t i o n  o f  voacam ine, vob­

t u s i n e ,  voacang ine  and  v o a c o rin e  from  V .b r a c t e a t a .

The o n ly  o th e r  s p e c ie s  o f  Voaoanga i n  w hich a lk a lo i d s  have been
21

re p o r te d  i s  V .c h a lo t ia n a  P i e r r e  ex  S ta p f .  I n  I9 6 0 , P e c h e r  e t  a l .

i s o l a t e d  a  new a lk a lo i d ,  v o a o h a lo tin e , from  th e  t ru n k  and r o o t  b a rk  o f

t h i s  t r e e .  The p re se n c e  o f  one o th e r  a lk a lo id  i n  t h i s  genus h a s  been

r e p o r te d ,  t h a t  o f  p a p u a n in e . T h is  su b s ta n c e  was named i n  a  rev iew  a r t -
1

i o l e  o f  A pocynaceous a lk a lo id s  by H a ffa u f  and F l a g l e r  w hich gave i t s  

m e l t in g -p o in t  and e m p ir ic a l  fo rm u la  and r e f e r r e d  i t  to  th e  genus Voacanga 

b u t  n o t  to  any p a r t i c u l a r  s p e c ie s .  From th e  name i t  i s  l i k e l y  to  be 

from  V .papuana K.Schum.
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O ccurrence  o f  Voaoanga a U c a lo id s  i n  o th e r  g e n e ra .

Voacamine and  voacang ine  have been  r e p o r te d  i n  two s p e c ie s  o f  

91Stemmadenia ; S. done 11 s m i th i i  (Rose) Vfoodson and S .g a l l e o t i a n a
np

(A ,R ic h ,)  M ie rs . and  th r e e  s p e c ie s  o f  T abernaem ontana ; T .o p p o s i t -

i f o l i a . T. p s y c h o t r i f o l i a  and  T , a u s t r a l i s . The p re se n c e  o f  th e s e  ttTO
1

a lk a lo id s  h a s  a ls o  b een  c la im e d  i n  th e  genus E rv a ta m ia  , how ever 

92Gorman e t  a l . r e p o r te d  t h e i r  absence  from  E .o o ro n a r ia  and  E .d iv a r -
1

i c a t a . V oacangine h a s  a ls o  been  r e p o r te d  i n  th e  genus R e jo u a  and i t

93h a s  b een  i s o l a t e d  from  th e  r o o t  o f  T abernan the  ib o g a  .

Dregam ine was r e p o r te d  p r e s e n t  i n  sm a ll am ounts i n  E rv a tam ia  
92

o o ro n a r ia  , and v o b tu s in e  was i s o l a t e d  from  v a r io u s  s p e c ie s  o f C a l l i -

94 95c h i l i a ; C . s u b s e s s i l i s  , G .b a r te r !  and C. s te n o s e p a la  . F i n a l l y ,

v o b asin e  was one o f  th r e e  a lk a lo id s  i s o l a t e d  from  P e s c h ie r a  a f f i n i s

(M e u ll.-A rg .)  M ie rs .^ ^ .

I t  i s  i n t e r e s t i n g  to  n o te ,  from  th e  chem o-taxonom ic p o in t  o f

v iew , t h a t  a l l  th e s e  g e n e ra  a re  v e ry  c lo s e ly  r e l a t e d  tax o n o m io a lly

v f ith in  th e  f a m ily  A pocynaceae.

S t r u c tu r e  o f  th e  V oacanga a l k a l o i d s .

The Voaoanga a lk a lo i d s  may be c l a s s i f i e d  a c c o rd in g  to  t h e i r  

u l t r a - v i o l e t  s p e c t r a ,  a s  f i r s t  su g g e s te d  by R ao^^. A lk a lo id s  o f  th e  

l a r g e s t  group have maxima i n  th e  r e g io n s  o f  225, 287 nnd 295 and 

a re  d e r i v a t i v e s  o f  5-niethoxy in d o le .  A lk a lo id s  o f  th e  o th e r  m ain
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group have maxima i n  th e  r e g io n s  o f  240 and  315 mjU and a re  2 -a c y l  in d o le  

d e r iv a t iv e s .  Two a lk a lo i d s ,  v o b tu s in e  and v o a o h a lo t in e ,  have u l t r a ­

v i o l e t  s p e c t r a  q u i te  d i f f e r e n t  from  th e se  ty p e s  and  from  each  o th e r .

5-m ethoxy i n d o le s ,
g

1 * V oacang ine , A lthough  i t  was La B arre  and  G l l lo  who f i r s t  d e s ­

c r ib e d  t h i s  a l k a lo i d ,  th e y  m ere ly  commented on th e  s i m i l a r i t y  o f  i t s

u l t r a - v i o l e t  spectrum  to  t h a t  o f  voacam ine (v o a c a n g in in e ) ,  J a n o t  and  

1 0G o u ta re l  ■ s t a t e d  i t  was c l e a r l y  a  ^'"inQthoxy in d o le  d e r iv a t iv e  and

su g g e s te d  th e  fo rm u la  ^22^28^3^2 ' w ith  two m ethoxy l g ro u p s , one o f

w hich  was p ro b a b ly  i n  th e  form  o f  a m ethy l e s t e r .  T h is  was bo rne  o u t

by th e  i n f r a - r e d  spectrum  vfhich in d ic a t e d  an'-NH-group, a  t r i - s u b s t i t u t e d

benzene d e r iv a t iv e  and a-COOR g ro u p .

96S a p o n i f ic a t io n  o f  vo acan g in e  y ie ld e d  an a c id ,  voaoang ic  a c id ,  

and d e c a rb o x y la tio n  o f  t h i s  y i e ld e d  a  base  i d e n t i c a l  i n  p h y s ic a l  

c h a r a c t e r i s t i c s  to  ib o g a in e ,  an  a lk a lo id  o f  T ab e rn an th e  ib o g a . Voa­

can g in e  was th u s  shown to  be a oarbom ethoxy ib o g a in e .  L a te r  voacang ine

93vfas a ls o  fo u n d  to  be p r e s e n t  i n  T .ib o g a  , A lthough  th e  a b s o lu te  con­

f i g u r a t i o n  o f  ib o g a in e  was n o t  a t  t h a t  tim e known, a  s t r u c tu r e  h ad  been  

su g g e s te d , and  a p o s s ib le  p o s i t i o n  o f  th e  oarbom ethoxy l group i n  voa­

c an g in e  was a ls o  p o s tu l a t e d  (F ig ,  1 ) .

I n  1957, s e v e r a l  p a p e rs  were p u b lis h e d  on th e  r e l a t e d  s t r u c tu r e s

97o f  ib o g a in e  and  v o a ca n g in e . F i r s t l y ,  T a y lo r  showed t h a t  th e  fo rm u lae
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su g g e s te d  f o r  th e s e  su b s ta n c e s  were u n te n a b le  a s  a  Kuhn-Roth d e te rm in ­

a t i o n  p ro d u ced  p ro p io n ic  a c id ,  showing t h a t  th e  C -a lk y l  f u n c t io n

CH. O C H

i b o g a i n e ,  R=H,  

v o a c a n g i n e ,  R= COOCHg

Fig-

p o s tu l a t e d  a s  G-m e th y l m ust, i n  f a c t ,  be C -e th y l .  T h is  was c o n firm ed  

98 99by o th e r s   ̂ • S tu d ie s  o f  th e  r e s u l t s  o f  se len iu m  d e h y d ro g e n a tio n

i n d ic a t e d  th e  s t r u c tu r e  shown ( ? i g ,  2a) f o r  ib o g a in e .  T a y lo r  a ls o  

s t a t e d  t h a t  i n  v o acan g in e  th e  m ost p ro b a b le  p o s i t i o n  o f  th e  c a rb o -  

m ethoxyl group was a t  p o s i t i o n  te n .  T h is  was c o n firm ed  by P e rc h e ro n  

e t  a l j ^ ^  who p re p a re d  th e  r e d u c t io n  p ro d u c t v o a c a n g o l, by  th e  a c t io n

C H r P

G, i b o g a i n e

b. v o a c a n g i n e ,  R=COOCH

F i g .  2
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o f  l i th iu m  alum inium  h y d rid e  on v o acan g in e , and  on h e a t in g  t h i s  p ro d u c t 

a t  210° form aldehyde was l i b e r a t e d  to  g iv e  ib o g a in e .  I t  seemed t h i s  

c o u ld  o n ly  taJce p la c e  by tau to m erism  o f  voaoango l an d  th e  fo rm a tio n  o f  

a  hydrogen  bond be tw een  th e  a lc o h o l  group and  th e  n i t r o g e n  o f  th e  in d o le  

n u c le u s . Thus voacan g in e  h ad  th e  fo rm u la  shown i n  F ig ,  2b, T h is  s t r u c ­

tu r e  was f u r t h e r  co n firm ed  by a  d e t a i l e d  r e p o r t  on th e  s t r u c tu r e s  o f

101s e v e ra l  Ib o g a  a lk a lo id s ,  in c lu d in g  v o a ca n g in e , by B a r t l e t t  e t  a l .

2 , Voacr i 8t i n e .  T h is  a lk a lo id ,  f i r s t  i s o l a t e d  by R e n n e r ^ w a s

a cc o rd e d  two p o s s ib le  fo rm u la e , C^^H^gOgN^ and b a t e r ,  from

90new a n a l y t i c a l  f i g u r e s ,  R enner and P r in s  d e c id e d  th e  a lk a lo id  was a

m ono-indole  d e r iv a t iv e  h a v in g  th e  fo rm u la  ^22^^28^Zf^2^ w ith  two m ethoxyl

g roups and one -C.CH^ g ro u p . They a ls o  s t a t e d  t h a t  from  a com parison

o f  t h e i r  p h y s ic a l  c o n s ta n ts ,  v o a o r is t in e  was i d e n t i c a l  to  v o a c a n g a r in e ,

1 5r e p o r te d  by S ta u f f a c h e r  and Seebeck ,

S ta u f f a o h e r  and Seebeck had  d e s c r ib e d  v o a c a n g a rin e  a s  a 5-m ethoxy 

in d o le  d e r iv a t iv e  s im i la r  to  v o a ca n g in e , v/hose u l t r a - v i o l e t  spectrum  

was a lm o st i d e n t i c a l  to  t h a t  o f  v o a c a n g a rin e , and a t t r i b u t e d  to  i t  

th e  above fo rm u la . B ecause o f  t h i s  obv ious s t r u c t u r a l  s i m i l a r i t y ,  

s im i la r  d é g ra d a t iv e  s tu d ie s  were c a r r i e d  o u t  on v o a c a n g a rin e  to  th o se  

em ployed on v o a c a n g in e , nam ely s a p o n i f ic a t io n  fo llo w e d  by d eca rb o x y ­

l a t i o n ,  r e s u l t i n g  i n  deoarbom ethoxy v o a c a n g a r in e . The n a tu re  o f  th e  

p ro d u c t was co n firm ed  by i t s  i n f r a - r e d  sp ec tru m , w hich d i f f e r e d  from
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t h a t  o f  v o a c a n g a rin e  i n  th e  absence  o f  a c a rb o n y l e s t e r  band; and th e  

eeq u iv a len t w e ig h t, d e te rm in e d  by p o te n t io m e tr io  t i t r a t i o n ,  w hich  i n d i ­

c a te d  th e  l o s s  o f  a  oarbom ethoxy l g roup .

The i n f r a - r e d  s p e c t r a  o f  b o th  v o a c a n g a rin e  and  decarbom ethoxy 

v o a ca n g a rin e  showed th e  p re s e n c e  o f  a  h y d ro x y l g ro u p , so d e c a rb o ­

m ethoxy v o a c a n g a rin e  was t r e a t e d  w ith  p - to lu e n e  su lp h o n y l c h lo r id e  i n

p y r id in e  s o lu t io n ,  to  fo rm  th e  t o s y l a t e .  T h is  p ro v e d  to  be q u a te rn a ry
1 02

i n  n a tu r e ,  s im i l a r  i n  ty p e  to  th e  to s y l a t e  o f  i s o - r u b i j e r v i n e  . Thus

th e  in f e r e n c e  was made t h a t ,  a s  i n  i s o - r u b i  j e r v in e ,  th e  h y d ro x y l group 

o f  decarbom ethoxy v o a c a n g a rin e  was s u f f i c i e n t l y  c lo s e  to  a  t e r t i a r y  

n i t r o g e n  to  form  a  l in k a g e . Thus i f  v o a ca n g a rin e  w ere hydroxy  voacan ­

g in e ,  th e  h y d ro x y l group w ould seem to  be on th e  te r m in a l  ca rb o n  o f  

th e  e th y l  s id e - o h a in .  E v idence  to  su p p o rt t h i s  was o b ta in e d  by 

r e d u c t io n  o f  decarbom ethoxy  v o a c a n g a rin e  t o s y l a t e  w ith  sodium i n  

e th a n o l ,  p ro d u c in g  a m ix tu re  o f  f o u r  iso m e rs , one o f  w hich was c h a ra c ­

t e r i s e d  a s  ib o g a in e .  The p o s i t i o n  o f  th e  oarbom ethoxy l group i n  voa­

c a n g a r in e  was e s t a b l i s h e d  by t r e a tm e n t  w ith  l i th iu m  alum inium  h y d r id e , 

w hich c o n v e r te d  th e  group to  a p rim a ry  a lc o h o l ,  fo l lo w e d  by d ry  hydrogen  

c h lo r id e  i n  a c e to n e , w hich l in k e d  th e  c a rb o n  o f  th e  s i de-g ro u p  to  th e  

n i t r o g e n  o f  th e  in d o le  n u c le u s  i n  an  aee-t e ^ l  compound.

These c o n c lu s io n s  a g re e d  w ith  th e  o b s e rv a t io n  o f  R enner and  
90

P r in s  t h a t  d e o a rb o m e th y la tio n  o f  v o a o r i s t in e  p ro d u ce d  ib o x y g a in e , an

103hydroxy  ib o g a in e  • However, a lth o u g h  th e y  a g re e d  v fith  S ta u f fa o h e r
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and See^beok t h a t  th e  h y d ro x y l group p r e s e n t  was on th e  e th y l  s id e -o h a in  

o f  th e  p a r e n t  v o a c a n g in e , R enner and P r in s ,  h a v in g  shown th e  p re se n c e

I 3
CHOH

H CO
v o a c r i s t i n c

Fi g .  3

o f  one -C .C i^g ro u p  i n  th e  m o le cu le , c o n c lu d ed  i t  was on th e  p e n u lt im a te ,

88r a t h e r  th a n  th e  te r m in a l  c a rb o n  atom . P e rc h e ro n  su p p o r te d  t h i s  i n ­

d i r e c t l y  by e s t a b l i s h i n g  th e  p re se n c e  o f  a  te r m in a l  m ethy l g ro u p , by 

Kuhn-Roth o x id a t io n ,  i n  ib o x y g a in e . The s t r u c tu r e  o f  v o a o r i s t in e  was 

th u s  t h a t  shown i n  P ig ,  3*

1 7 1 Ok3* V o a c ry p tin e , R enner '  a cc o rd e d  t h i s  a lk a l o i d  th e  fo rm u la  

^22^26^4^2 ' two m ethoxy l g roups and  one g ro u p , The i n f r a ­

r e d  spec trum  i n d ic a t e d  an e s t e r  and a k e to n e  g ro u p , R enner c o n c lu d in g  

t h a t  v o a c x y p tin e  had  th e  s t r u c tu r e  o f  an o x o v o acan g in e . As th e  c a r ­

b o n y l group p r e s e n t  was c a p a b le  o f  fo rm ing  an  oxim e, he co n c lu d ed  i t  

was e i t h e r  an a l i p h a t i c  o r  a l i c y c l i c  k e to -g ro u p . Kuhn-Roth o x id a t io n
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y ie ld e d  o n ly  a o e t ic  a c id ,  th u s  e s t a h l i s h in g  th e  p re se n c e  o f  a  s id e  

m ethy l g roup . H is  c o n c lu s io n  was t h a t  th e  e th y l  s id e -o h a in  o f voa­

can g in e  was r e p la c e d  by -COCH^ i n  v o a c ry p tin e , w hich e s t a b l i s h e d  th e  

p o s i t io n  o f  th e  carbonari g ro u p . C o n firm a tio n  o f  t h i s  was th e  p ro d ­

u c t io n  o f  ib o g a in e  from  v o a c ry p tin e  by s im u lta n e o u s  deoarboxym ethy l­

a t i o n  and r e d u c t io n .  A lso , m ild  r e d u c t io n  o f  v o a c ry p tin e  p ro d u ced  

d ih y d ro  v o a c ry p t in e , and  a c é ty l a t i o n  o f  t h i s  d e r iv a t iv e  p roduced  an 

a c e ta te  i d e n t i c a l  to  th e  a c e ta te  p re p a re d  by d i r e c t  a c é ty l a t i o n  o f  

a u th e n t ic  v o a o r i s t i n e ,  Thus th e  h y d ro x y l group o f  v o a o r i s t in e  and th e  

o a rb o n y l group o f  v o a c ry p tin e  were i n  th e  same p o s i t i o n ,  V oacxyp tine  

th u s  h ad  th e  fo rm u la  shown i n  F ig ,  A.

CH,  
I '
CO

v o a c r y p t i n e

Fi q.  4

A, V oacam ine, In  th e  i n i t i a l  d e s c r ip t io n  o f  voacam ine, J a n o t  and 

G o u ta re l^  p ro p o se d , from  a n a l y t i c a l  d a ta ,  th e  fo rm u la  w ith

th re e  m ethoxyl g ro u p s and , from  th e  i n f r a - r e d  sp ec tru m , two e s t e r  g ro u p s.
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Thus th e y  c o n s id e re d  th e  h ase  to  he a  double  m o le cu le , t h a t  i s  a  d i -

1 0in d o le  d e r i v a t i v e .  They a d m itte d  i t  m ight be a s in g le  in d o le  d e r iv ­

a t iv e  w ith  th e  fo rm u la  ^ 22^ 26^ 3^ 2  ̂ b u t  from  th e  p re s e n c e  o f  two e s t e r  

bands and th e  p e rc e n ta g e  o f  m ethoxyl g ro u p s p r e s e n t ,  th e y  f e l t  a  double 

m o lecu le  was more l i k e l y .
A 05

L a te r  a n a ly s e s  showed t h a t  th e  fo rm u la  was more

a p p ro p r ia te  th a n  t h a t  p r e v io u s ly  su g g e s te d . The p re se n c e  o f  th r e e  

m ethoxyl g ro u p s was c o n firm ed , a ls o  o f  one -N,GH^ group and f o u r  

l a b i l e  hydrogen  atom s. Thus voacam ine had  a  doub le  in d o le  s t r u c tu r e ,  

one in d o le  n u c le u s  b e in g  5-m ethoxy s u b s t i t u t e d ,  th e  o th e r  h a v in g  two 

m ethoxyl g ro u p s c o rre sp o n d in g  to  two m ethyl e s t e r  g ro u p s (from  th e  

i n f r a - r e d  sp e c tru m ),

The c lo s e  s i m i l a r i t y  o f  p a r t  o f  th e  voacam ine m olecu le  to  voa­

cang ine  was n o te d . I t  was shown t h a t  dec a rb o x y m e th y la tio n , a s  p re v io u s ­

l y  c a r r i e d  o u t  w ith  voacang ine  to  y i e l d  ib o g a in e ,  c a u se d  th e  l o s s  o f  two 

m ethoxyl g ro u p s to  y i e l d  a d i - a o id ,  from  w hich one c a rb o x y l group  was 

r e a d i ly  e l im in a te d  by th e  a c t io n  o f  a c id ,  th e  o th e r  p ro b a b ly  fo rm in g  

a  l a c to n e .  The u l t r a - v i o l e t  spectrum  was unchanged  showing t h a t  th e  

rem a in in g  m ethoxyl group was i n  the  f iv e  p o s i t io n  on an in d o le  n u c le u s . 

A lso , one o f  th e  b a s ic  t e r t i a r y  n i t r o g e n  atom s h ad  a  pK v a lu e  v e ry  

c lo s e  to  t h a t  o f  v o a ca n g in e . T h is  in fo rm a tio n , p lu s  th e  p ro d u c t io n , 

on p o ta ss iu m  f u s io n ,  o f  3-m e th y l-5 - e th y l  p y r id in e  (w hich c o n ta in e d  

th e  above m en tioned  t e r t i a r y  n i t r o g e n ) , co n firm ed  t h a t  p a r t  o f  th e
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m o lecu le  o f  voacam ine was i d e n t i c a l  to  v o a ca n g in e . I ^ r o l y s i s  o f  voa­

cam ine i n  vacuo p ro d u ce d , s to ichôm et r i o a l l y ,  one m olecu le  o f  c a rb o n  

d io x id e  and  one m o lecu le  o f  tr im e th y la m in e . T h is  i n d ic a t e d  t h a t  th e  

second  b a s ic  n i t r o g e n  was t e r t i a r y  a l s o .

The r e p o r t  may be sum m arised a s  fo llo w s

( i )  th e  two n o n -b a s ic  n i t r o g e n  atom s were i n  in d o le  g ro u p s ,

( i i )  th e  two b a s ic  n i t r o g e n  atom s were b o th  t e r t i a r y ,  one w eakly

b a s i c ,  e x i s t i n g  i n  a  p ip e r id in e  group ( i n  a  s im i la r  p o s i t i o n  to  th e

t e r t i a r y  n i t r o g e n  i n  vo acan g in e) , and  th e  o th e r  more s t r o n g ly  b a s ic

and b e a r in g  a  m ethy l g ro u p .

( i i i )  o f  th e  s ix  oxygen atom s, one was from  an a lc o h o l  f u n c t io n ,

one from  a m ethoxyl group (from  the  5-m ethoxy in d o le  n u c le u s )  and  th e

o th e r  f o u r  from  two m ethyl e s t e r  g ro u p s . One o f  th e s e  e s t e r  g roups

was from  th e  voacang ine  p o r t io n  o f th e  m o lecu le ,

88P e rc h e ro n  a g re e d  w ith  th e  f in d in g s  j u s t  d e s c r ib e d . H is  m ajo r 

a d d i t io n a l  c o n t r ib u t io n  to  th e  r e s u l t s  a lr e a d y  p u b l is h e d  was i d e n t i f i c ­

a t i o n  o f  th e  p ro d u c ts  o f  se len ium  de h y d ro g e n a tio n . These c o n s i s te d  

m ain ly  o f  two f r a c t i o n s ,  th e  f i r s t  n e u t r a l  i n  c h a r a c te r ,  b e in g  a 

m ix tu re  o f  su b s ta n c e s  c o n ta in in g  th e  5-m ethoxy in d o le  n u c le u s , and 

th e  second  w hich was s t r o n g ly  b a s i c ,  b e in g  a m ix tu re  o f  3 - e th y l - ^ -  m ethyl 

p y r id in e  ( c . f .  th e  r e s u l t s  o f  p o ta s s iu m  fu s io n )  and  nor^harm an ( f i g ,  5 ). 

An group was known to  be p r e s e n t  and  i t  h ad  b een  e s t a b l i s h e d

t h a t  th e  m ethy l group was n o t  a t ta c h e d  to  th e  n i t r o g e n  o f  an  in d o le
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group and  th e  o th e r  n i t r o g e n  o f  th e  voaoang ine  portion o f  th e  m o lecu le  

was a l r e a d y  t r i - s u b s t i t u t e d ,  so i t  h ad  to  be on th e  n i t r o g e n  o f  th e  nor- 

harm an p o r t io n .  Thus voaoam ine was s t a t e d  to  c o n s i s t  b a s i c a l l y  o f  v oa­

o an g in e  l in k e d  to  N -m ethyl t e t r a h y d r o  n o rj^ a rm a n .

n o r - h a r m a n

Fi g .  5

P e rc h e ro n  p o s tu l a t e d  t h a t  th e s e  two in d o le  d e r i v a t i v e s  were 

c o n n e c te d  by two l in k a g e s .  He p o in te d  o u t t h a t  th e  u l t r a - v i o l e t  sp e c ­

trum  o f  voaoam ine was t h a t  o f  a  5'*inethoxy in d o le  d e r i v a t i v e  and  a ls o  

t h a t  th e  lo g  ^  v a lu e s  o f  th e  maxima in d ic a t e d  th e  sum m ation o f  two 

5-m ethoxy in d o le  chrom ophores. T h e re fo re  th e  n o r-h arm an  m o ie ty  o f  th e  

m o lecu le  h a d  a  spectrum  c o rre sp o n d in g  to  5-m ethoxy in d o le *  T h is  c o u ld  

be e x p la in e d  by assum ing an e th e r  l in k a g e  betw een  o f  th e  no r-h arm an  

p o r t io n  and th e  e th y l  s id e - c h a in  o f  th e  vo acan g in e  p o r t io n .  T h is  was 

c o n firm ed  by  a  K uhn-Roth o x id a t io n  w hich y ie ld e d  o n ly  a c e t i c  a c id ,  

showing t h a t  a  m eth y l s id e - c h a in  was now p r e s e n t  b u t  no e th y l  s id e -  

c h a in .  The p o s i t i o n  o f  th e  second  lin lc  was su rm ised  from  th e  p ro d u c tio n  

o f  3 - e th y l  4 -m e th y l p y r id in e  on se len ium  d e h y d ro g e n a tio n , th e  m ethy l 

s u b s t i t u t i o n  a r i s i n g  from  c le a v a g e  o f  th e  l i n k .



-  “*

I n  a d d i t io n  to  th e  p o s tu la te d  d i - in d o le  s t r u c t u r e ,  th e r e  rem ained  

u n p la c e d  10 C, 1 7 H and 2 0 , o f  w hich i t  was known th e re  was one -COOCH  ̂

f u n c t io n  (from  d e o a rb o x y m eth y la tio n ) and one -C,CH^ f u n c t io n  (from  

s p e c t r a l  d a t a ) , P e rc h e ro n  p ro d u ced  th e  w orking  fo rm u la  shown i n  ? i g .  6 , 

i n  ag reem en t w ith  a l l  e x p e r im e n ta l r e s u l t s .

CH
I
CH

H CO

C H ^ O

v o a  ca mî n  «HN

CH

CH

C o n firm a tio n  o f  th e  p re se n c e  o f  voaoang ine  w i th in  th e  voaoamine 

m olecu le  v;as p r e s e n te d  by W i n l c l e r ^ H e  showed t h a t  voaoam ine, voa­

can g in e  and  v o a o o rin e  c o u ld  be s e p a ra te d  from  one a n o th e r  e f f i c i e n t l y  

by t h i n - l a y e r  ch rom atography  on a lu m in a , th u s  f u r n i s h in g  a  u s e f u l

m ethod o f  fo l lo w in g  d é g ra d a t iv e  s tu d ie s  o f  th e s e  a lk a lo i d s .  F o llo w in g

1 07th e  m ethod o f  B e rth e  e t  a l . , who s tu d ie d  th e  p ro d u c ts  o f  a c id -
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c le a v a g e  o f  g e is  so sp e rm in e , V fink ler h e a te d  voaoam ine w ith  3N h y d ro ­

c h lo r i c  a c id  w hich s p l i t  th e  m olecu le  i n to  two b a s ic  p o r t io n s  w hich 

were s e p a ra te d  on alum ina* One o f  th e se  p ro d u c ts  was i s o l a t e d  and  

shown to  be v o ao an g in e , th e  o th e r ,  w ith  a  s h o r t e r  R f v a lu e , was p r e ­

sumed to  be th e  o th e r  p a r t  o f  th e  voaoamine m o lecu le  b u t  no d e t a i l s  

o f  i t s  s t r u c tu r e  w ere given*

1 25* V o ao o rin e . T h is  a lk a lo id  was d e s c r ib e d  by G o u ta re l  and J a n o t 

who a t t r i b u t e d  to  i t  th e  fo rm u la  w ith  th r e e  m ethoxyl g roups

and f o u r  -N.CH^ g ro u p s . Of th e  fo u r  n i t r o g e n  atom s p r e s e n t ,  two were 

i n  in d o le  g ro u p s  and th e  f a c t  t h a t  p o te n tio m e try  r e v e a le d  o n ly  one 

d i s s o c i a t i o n  c o n s ta n t ,  com pared w ith  two i n  voaoam ine, c o u ld  be ex ­

p la in e d  by th e  rem a in in g  two n i t r o g e n s  h av in g  e q u a l b a s ic i ty *  Voa- 

c o r in e  d i f f e r e d  from  voaoam ine i n  h av in g  th r e e  a d d i t i o n a l  

g roups and o n ly  a s in g le  band  a t  5*83 jU com pared to  s tro n g  bands i n  

th e  r e g io n  5*0 to  6  ^  i n  th e  c a se  o f  voaoam ine.

I n  s p i t e  o f  th e s e  d i f f e r e n c e s ,  voaoamine and  v o a o o rin e  w ere v e ry  

20s im i l a r  . They were b o th  d i - in d o le  d e r i v a t i v e s ,  t h e i r  u l t r a - v i o l e t  

s p e c t r a  w ere a lm o s t su p e rim p o sab le  and th e y  behaved  s im i l a r ly  on 

p y r o ly s i s  i n  vacuo , on s a p o n i f ic a t io n  and on f u s io n  v d th  p o ta s s iu m .

Of th e  two n o n - in d o le  n i t r o g e n  atom s b o th  were t e r t i a r y ,  one b e in g  

p a r t  o f a  p ip e r id in e  r in g ,  th e  o th e r  b e a r in g  a  m ethy l group* From 

r e v i s e d  a n a l y t i c a l  f i g u r e s ,  th e  m ost p ro b a b le  fo rm u la  was
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though th e  p o s s i b i l i t y  o f  c o u ld  n o t  be e x c lu d e d .

Vfinlcler^ 06,1 08 th e  p ro d u c ts  o f  a o id -c le a v a g e  o f  v o a­

o o r in e .  C hrom atography showed fo u r  s p o ts ,  b e s id e s  some r e s i d u a l  voa­

o o r in e ,  o f  w hich two were much more s t r o n g ly  m arked th a n  th e  o th e r s .

Of th e s e  two th e  one w ith  th e  h ig h e r  Rf v a lu e  was v o a o r i s t in e  b u t  no 

d e t a i l s  o f  th e  o th e r  were g iv e n , Vf i n k i e r  c o n c lu d ed  t h a t  v o a o r i s t in e  

form ed p a r t  o f  th e  v o ao o rin e  m o lecu le  i n  a  s i m i l a r  m anner to  th e  voa­

can g in e  -voaoam ine r e l a t i o n s h i p .

106 . Vo ao ami n in e .  T h is  a lk a lo i d  was found  to  be i d e n t i c a l  to  voa­

oamine i n  a l l  i t s  p h y s ic a l  c o n s ta n ts  e x c e p t i t s  m e l t in g - p o in t .  A lthough

12 13
a t  f i r s t  a cc o rd e d  the  fo rm u la  ^ 22^ 26^ 3^ 2 * was l a t e r  * c o n s id e re d

a s  a double m o le c u le , l i k e  voaoam ine, w ith  th e  fo rm u la

(w hich was a ls o  th e  fo rm u la  g iv e n  i n  th e  same paper^ ^ f o r  v o ao am in e ),

No f u r t h e r  in fo rm a tio n  h a s  b een  p u b lis h e d  on th e  s t r u c tu r e  o f  t h i s  

a lk a lo id ,

7 . Voao ami d in e ,  Vo ao ami d in e  was c o n s id e re d  by Renner^ ^  to  be an 

iso m er o f  voaoam ine, fo rm u la  C^^H^^O^N^, w ith  th r e e  m ethoxyl groups*

I t  was c ap a b le  o f  fo rm in g  an  a c e ty l  d e r iv a t iv e  on t r e a tm e n t  w ith  p y r i ­

d ine  and a c e t i c  a n h y d rid e , and  s a p o n i f ic a t io n  y i e ld e d  an  a c id  w hich 

was r e a d i ly  d e o a rb o x y la te d  to  y i e l d  a  su b s ta n c e  w ith  o n ly  one m ethoxyl 

g ro u p . I t  was assum ed th e  o th e r  tv/o m ethoxyl g ro u p s w ere p r e s e n t  a s  

m ethy l e s t e r s  w hich w ere h y d ro ly se d  by th e  a l l c a l i .  Thus voao ami d in e ,
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on d e g ra d a t io n ,  fo llo w e d  a s im i la r  p a t t e r n  to  voaoam ine.

2 -a o y l in d o le a ,
16

1 , V o a o a fr in e , Rao a c c o rd e d  t h i s  a lk a lo id  th e  fo rm u la  ^22^26*^lf.^2

and r e p o r te d  i t s  u l t r a - v i o l e t  and i n f r a - r e d  s p e c t r a ,  th e  fo rm er b e in g

17q u i te  d i f f e r e n t  from  th o se  a lk a lo id s  a lre a d y  d e s c r ib e d ,  R enner p o in te d

o u t i t s  s i m i l a r i t y  to  t h a t  o f  2 -p h en y l i n d o l e ^ a n d  su g g e s te d  t h a t

v o a o a f r in e  and  th e  o th e r  a lk a lo id s  o f  t h i s  group m ig h t be d e r iv e d

1 9from  t h i s  su b s ta n c e . However, Neuss and Cone named th e  group as  

2 -a o y l in d o le  d e r i v a t i v e s ,  w hich p ro v ed  more a c c u r a te ,

2 , V o a o a f r ic in e ,  T h is  was r e p o r te d  by Rao^^ a l s o ,  and  a g a in  th e  

o n ly  s t r u c t u r a l  in fo rm a tio n  g iv e n  v/as a p ro p o se d  fo rm u la , ^22^24-26^^^2*

1 7
5 , V o b asin e . R enner su g g e s te d  th e  fo rm u la  ^21^24*^3^2^ w ith  one 

m ethoxyl g ro u p , one -N,CH^ group and one -C.CH^ g ro u p . T h is  was i n  

ag reem ent w ith  th e  i n f r a - r e d  spectrum  w hich a ls o  i n d ic a t e d  th e  p re se n c e  

o f  a 1 ,2 - d i ^ s u b s t i t u t e d  p h en y l d e r iv a t iv e  and an  e s t e r  g roup . He con­

c lu d e d  t h a t  th e  m ethoxyl g roup  was p a r t  o f  th e  m ethy l e s t e r  g roup .

The p re se n c e  o f  an  -N.CH^ g ro u p , and th e  re -a r ra n g e m e n t on s a p o n if ­

i c a t i o n ,  were two p o in t s  i n  common betw een  v o b asin e  and  the  more 

s t r o n g ly  b a s ic  p o r t io n  o f  th e  voaoam ine m olecu le  and R enner su g g e s te d  

t h a t  monomeric v o b a s in e  m igh t be a  s te p p in g -s to n e  i n  th e  b io g e n e s is  

o f  d im e ric  voaoam ine.
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110I n  s tu d y in g  th e  s t r u c tu r e  o f  v o b asin e  f u r t h e r ,  R enner f i r s t  

e s t a b l i s h e d  th e  p re s e n c e  o f  an  a o y l group by fo rm a tio n  o f  a 2 ,4 “ d i n i -  

tro p h en y l^ h y d ra zo n e  whose u l t r a - v i o l e t  and i n f r a - r e d  s p e c t r a  i n d ic a t e d  

a  s t r o n g ly  c o n ju g a te d  k e to - im in e .  C o n tro lle d  r e d u c t io n  o f  th e  a lk a lo i d  

y ie ld e d  an a lc o h o l ,  th e  h y d ro x y l group b e in g  c o n firm ed  by a c é ty l a t i o n ,  

whose u l t r a - v i o l e t  spectrum  was t h a t  o f  a 2 ,3 ‘* d ia lk y l^ in d o le *  The 

p re se n c e  o f  two doub le  bonds i n  v o b a s in e  was e s t a b l i s h e d  by hyd rogen ­

a t i o n ,  one b e lo n g in g  to  th e  c a rb o n y l g ro u p a  to  th e  in d o le  n u c le u s .

I t  was fo u n d , f u r t h e r ,  t h a t  th e  -C,CH^ s i de-g ro u p  was c o n v e r te d  to  an 

e th y l  group  d u r in g  h y d ro g e n a tio n , e s t a b l i s h in g  th e  p re se n c e  i n  th e  

o r i g in a l  a l lc a lo id  o f  an e th y l id e n e  s id e - c h a in ,  R enner h y d ro g en a ted  

t h i s  e th y l id e n e  group w ith o u t a f f e c t i n g  th e  c a rb o n y l group and  exam­

in a t i o n  o f  th e  p ro d u c ts ,  s e p a ra te d  by c o u n te r - c u r r e n t  d i s t r i b u t i o n .

C H

C H ^ O - C O

C H

CH

Fi g.  7

showed them to  be dregam ine and ta b e rn a e m o n ta n in e , th e  l a t t e r  b e in g
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92 111an a lk a lo id  p r e s e n t  i n  T abernaem ontana o o ro n a r ia  '  * I t  was th u s

e s t a b l i s h e d  t h a t  v o b a s in e , dregam ine and tab e rn ae m o n ta n in e  were a l l

2 -a o y l in d o le  d e r i v a t i v e s ,  th e  l a s t  two b e in g  s te re o is o m e rs  p ro d u ced

by h y d ro g e n a tio n  o f  th e  e th y l id e n e  group o f  vobasine*  The s t r u c tu r e
112

(F ig , 7) p o s tu l a t e d  f o r  v o b asin e  by R enner and  P r in s  , was b a sed

p r im a r i ly  on th e  p ro d u c tio n  o f  a  2 - a o y l-^ -v in y l^ in d o l e  d e r iv a t iv e  on

Hofmann d e g ra d a t io n  o f  v o b a s in e  m eth iod ide*  T h is  s t r u c tu r e  was oon-

115f irm e d  by Cava e t  a l , from  th e  s tu d y  o f  th e  n u c le a r  m agnetic  r e s o n ­

ance s p e c t r a  o f  th e  a lk a lo id  and  i t s  r e d u c t io n  p ro d u c ts .

1 9Z}., D regam ine. V/hen f i r s t  d e s c r ib e d , N euss and Cone p ro p o sed  th e

fo rm u la  f o r  d reg am in e , b u t  s in c e  i t s  s t r u c tu r e  (F ig . 8)

110h a s  been  d e te rm in e d  from  i t s  r e l a t i o n  to  v o b a s in e  , i t  i s  now known 

to  be *̂ 21^ 26^ 3^ 2 *

CH

CH

CH

Fi g .  8
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O th e r a l k a l o i d s .
9

1* V o b tu s in e , The u l t r a - v i o l e t  spectrum  o f  v o b tu s in e  w ith  f o u r  

maxima, p la c e d  i t  i n  a  group  o f  i t s  own* Due to  i t s  t e n a c i t y  f o r  w a te r  

i t  was fo u n d  d i f f i c u l t  to  e s t a b l i s h  the  fo rm u la  o f  th e  a lk a lo id *  

I n i t i a l l y  i t  was a c c o rd e d  th e  fo rm u la  Cg^H^^O^Ng, w ith  one m ethoxyl

g ro u p , th e n  i t  was c o n s id e re d  a  doub le  m o lecu le  w ith  th e  fo rm u la
12 18

, and , l a t e r ,  S c h u le r  e t  a l . a s s ig n e d  to  i t

i n c o r p o r a t in g  one m o lecu le  o f  w a te r . T h is  was a c c e p te d  by G o u ta re l
94

e t  a l . , a l th o u g h  th e y  e x p re s s e d  i t  ^v ithou t th e  m o lecu le  o f  w a te r ,  

t h a t  i s  C ^ 2 \ 8 ° 6 \ -
9 18From i t s  s p e c t r a l  d a ta  * , v o b tu s in e  was c l e a r l y  a ro m a tic  i n

n a tu re  show ing a  lin lcage  v e ry  s im i l a r  to  t h a t  o f  th r e e  u n s a tu r a te d  

r i n g s ,  p ro b a b ly  w ith  an -NH-CO- lin k a g e  and  a  c o n ju g a te d  e s t e r  w ith  a  

double  bond. I t  c o n ta in e d  two m ethoxyl g roups b u t  no-C,CH^ groups* 

T here v;as some c o n tro v e r s y  a s  to  th e  p re se n c e ^ ^  o r  absence^ ^ o f  an
9

-N.CH^ g ro u p . I t  was th o u g h t p ro b a b le  t h a t  th e  two n o n - in d o le

n i t r o g e n  atom s h ad  th e  same b a s i c i t y ,  a s  o n ly  one d i s s o c i a t i o n  c o n s ta n t

1 8was m e a su ra b le . Selen ium  d e h y d ro g e n a tio n  y i e ld e d  q u in o lin e  ,
94

The o n ly  o th e r  in fo rm a tio n  on th e  s t r u c tu r e  o f  v o b tu s in e  d e s ­

c r ib e d  i t s  s i m i l a r i t y  to  c a l l i o h i l i n e ,  b o th  a lk a lo i d s  b e in g  p r e s e n t  

i n  C a l l i o h i l i a  s u b s e s s i l i s . The u l t r a - v i o l e t  sp ec tru m  o f  c a l l i o h i l i n e  

had  th r e e  o f  th e  f o u r  maxima e x h ib i t e d  by th e  sp ec tru m  o f  v o b tu s in e , 

and  th e  i n f r a - r e d  s p e c t r a  d i f f e r e d  o n ly  i n  th e  d e t a i l s  o f  th e  f i n g e r -
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p r i n t  r e g io n .  From t h i s  e v id en ce  i t  was t e n t a t i v e l y  su g g e s te d  t h a t  

th e  monomeric c a l l i o h i l i n e  (^22^24^3^2* one m ethoxy l group h u t

no -N.CH^ group) m igh t he p a r t  o f  th e  d im e ric  v o b tu s in e  m o le cu le .

212 . V o a o h a lo tin e , From i t s  u l t r a - v i o l e t  spectrum  , w hich i s  v e ry  

s im i la r  to  t h a t  o f  v o a o an g in e , i t  m igh t be th o u g h t t h a t  t h i s  a lk a lo id  

sh o u ld  be p la c e d  i n  th e  3-m ethoxy in d o le  g ro u p . However, i t s  s t r u c tu r e  

h a s  p ro v ed  q u i te  d i f f e r e n t  from  th o se  y e t  d e s c r ib e d  and th u s  i s  p la c e d  

i n  a  group o f  i t s  own.

The fo rm u la  ^22^26^3^2 a t t r i b u t e d  to  th e  a lk a l o i d  w hich con­

t a in e d  one m ethoxyl g roup , one -N.CH^ group and one n o n -p h en o lio  

h y d ro x y l g ro u p . The u l t r a - v i o l e t  spectrum  i n d ic a t e d  th e  p re se n c e  o f  

a oarbom ethoxy l group and th e  i n f r a - r e d  spectrum  an o r th o  s u b s t i t u t e d  

benzene r i n g .  The p ro d u c tio n  o f  a c e ta ld e h y d e  on o z o n o ly s is  su g g e s te d  

th e  p re se n c e  o f  an e th y l id e n e  s id e - c h a in  and t h i s  was p a r t l y  c o n firm ed  

by th e  p ro d u c t io n  o f  a c e t i c  a c id  (no p ro p io n ic  a c id ,  c . f ,  voacang ine)

on Kuhn-Roth o x id a t io n ,  i n d i c a t i n g  a  m ethyl s id e - c h a in ,

114/in u n u su a l f e a tu r e  o f  v o a o h a lo tin e  was t h a t  th e  n i t r o g e n  o f  

th e  group was th e  in d o le  n i t r o g e n .  T h is  was shown by the

n u c le a r  m agnetic  re so n an c e  sp ec tru m , which gave a pealc s im i la r  to  t h a t  

o f  known H -m ethyl in d o le  d e r i v a t i v e s .  The i n f r a - r e d  spectrum  o f  v o a - 

c h a lo t in e  i t s e l f  was i n d e f i n i t e  a s  to  th e  p re se n c e  o r  absence  o f  an 

-HH- g ro u p , b u t  i n  th e  p re p a re d  d e r iv a t iv e s  0 - a c e ty l  v o a o h a lo tin e .
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0 - ô - d i a o e ty l  v o a c h a lo t in e  and  a n h y d ro v o a o h a lo tin e , i t  was c l e a r l y  

a b s e n t i n  c o n t r a s t  to  i t s  p re se n c e  i n  v o a ca n g in e . F in a l  c o n f irm a tio n  

was th e  c lo s e n e s s  betw een  th e  u l t r a - v i o l e t  s p e c t r a  o f  v o a c h a lo tin e  and 

th e  above d e r iv a t iv e s  to  t h a t  o f  1 ,2 ,3 ,4 ,  te t r a h y d ro c a rb a z o le .

I t  was a ls o  su g g e s te d  t h a t  the  oarbom ethoxy l g roup  m igh t be i n  

th e  same p o s i t i o n  r e l a t i v e  to  th e  in d o le  n i t r o g e n  a s  i n  v o a ca n g in e .

T h is  w ould e x p la in  th e  norm al CO band a t  5 .7 5  jU i n  v o a o h a lo tin e , com­

p a re d  to  th e  m o d if ie d  band  a t  5 .8 4  (J. i n  v o ao an g in e . The l a t t e r  c ase  

may be e x p la in e d  by hydrogen  bond ing  betw een  th e  oarbom ethoxy l group 

and th e  hydrogen  o f  th e  in d o le  n i t r o g e n .  T h is  o b v io u s ly  c o u ld  n o t  

o c cu r i n  v o a o h a lo tin e . T h is  a ls o  e x p la in e d  why r e d u c t io n  o f  th e  c a rb o -  

m ethoxyl group  to  th e  a lc o h o l ,  fo llo w e d  by th e  a d d i t io n  o f d ry  hydrogen  

c h lo r id e  i n  ace to n e  d id  n o t  produce a  c y c l ic  k e t a l ,  a s  d e s c r ib e d  f o r  

v o a o r i s t i n e . CHJDH

COOC H

v o a c h a l o t i n e
C H

C H - C H

F i g .  9

115/m o th e r  r e p o r t  commenced by add ing  s e v e ra l  p o in ts  to  th e  

c h a r a c te r s  o f  v o a o h a lo tin e  a lr e a d y  m en tioned . The m o lecu le  v/as s a id
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to  be p e n ta o y o lio  w ith  a  p rim a ry  a lc o h o l  group and  a  b a s ic  t e r t i a r y

amine f u n c t io n .  I t  was th e n  s t a t e d  t h a t  th e  a l k a lo i d  h ad  been  shovm

to  be th e  h y d ro x y l e s t e r  o f  v in ca m a jin e  (one o f  th e  V in ca  a lk a lo id s

whose s t r u c tu r e  h ad  j u s t  b een  e lu c id a te d ^   ̂ , by th e  p r e p a r a t io n  o f

s e v e ra l  d e r iv a t iv e s  and com parison  o f  th e se  w ith  a u th e n t ic  sam p les.

The s t r u c tu r e  o f  v o a o h a lo tin e  i s  shown i n  P ig .  9 and i t  i s  seen  to

d i f f e r  more from  voacang ine  th a n  was o r i g i n a l l y  th o u g h t. I t  was a ls o

n o te d  t h a t  th e  a lk a lo id  was th e  N -m ethyl d e r iv a t iv e  o f  n o r-m acu sin e  A,

th e  t e r t i a r y  b ase  c o rre sp o n d in g  to  a  q u a te rn a ry  a lk a lo i d ,  m acusine A,

117 118i s o l a t e d  from  S try c h n o s  t o x i f e r a  ' , T h is  s t r u c tu r e  a g re e d  w ith

119t h a t  r e p o r t e d  l a t e r  by J a n o t  e t  a l .  .
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Pharm acology o f  th e  Voaoanga a lk a lo id s

T o x ic i ty .

The t o x i o i t i e s  o f  th e  a lk a lo id s  o f  Voaoanga and  t h e i r  d e r iv a t iv e s

were exam ined p r im a r i ly  hy d e te rm in a tio n  o f  th e  L .D .100 on in tr a v e n o u s
Q

i n j e c t i o n  i n  th e  g u in e a -p ig .  Voaoamine was fo u n d  to  have an L .D .100
29

o f  118 mg, p e r  k g , and  i t s  d e r i v a t i v e s ,  voaoamine s u lp h a te  " and voa­

oamine d im e th y la m in o e th y l e s t e r ^ ^ ,  548 mg, p e r  kg , and  1 50 mg. p e r  kg ,
25

r e s p e c t iv e ly .  In tra v e n o u s  i n j e c t i o n  i n  th e  mouse o f  th e  s u lp h a te

and oam phosulphonate o f  voaoam ine gave v a lu e s  o f  21 ,5  mg, p e r  k g , and

4 6 .2  mg, p e r  k g , r e s p e c t iv e ly  f o r  th e  L .D .50 . The dose o f  voaoam ine

11was r e a d i l y  e x c r e te d  from  th e  g u in e a -p ig  vd ,th in  tv/o o r  th re e  days

and no c u m u la tiv e  e f f e c t s  were o b se rv e d  i n  young dogs r e c e iv in g  1 mg.

11d a i ly  f o r  tw e n ty - f iv e  days , o r  i n  r a t s  r e c e iv in g  su b cu tan eo u s

i n j e c t i o n s  o v e r lo n g e r  p e r io d s ^ ^ . Doses o f  up to  and  in c lu d in g  th e

22l e t h a l  dose f a i l e d  to  p roduce  e raes is  i n  p ig e o n s  ( c . f .  d ig i to x in )  , 

O ra l a d m in is t r a t io n  i n  r a t s ^ ^  and m ice^^ co n firm ed  i t s  low t o x i c i t y ,  

With r e g a rd  to  th e  t o x i c i t y  o f  th e  o th e r  Voaoanga a lk a lo id s

i n  th e  g u in e a -p ig ,  th e  L .D .100 o f  v o acan g in e^ was fo und  to  be 100 mg,

13 29p e r  k g , ,  o f  v o ao o rin e  513 mg. p e r  kg , and  o f  v o a o h a lo tin e  , w hich

was c o n s id e ra b ly  more to x ic  th a n  th e  o th e r  a lk a lo i d s ,  58 mg. p e r  kg .

37The m ost to x ic  Voaoanga a lk a lo id ,  how ever, was v o b a s in e  w hich cau sed  

d e a th  i n  th e  a n a e s th e t i s e d  o a t  w ith  a s  l i t t l e  a s  10 mg, p e r  kg .
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I t  i s  th u s  seen  t h a t ,  w ith  th e  p o s s ib le  e x c e p tio n  o f  v o b a s in e ,

th e  a lk a lo id s  o f  Voaoanga a re  m arkedly  l e s s  to x io  th a n  th e  c a rd ia c

g ly c o s id e s ,  d ig o x in , f o r  exam ple, h a v in g  an L .D .100 i n  th e  g u in e a -p ig

o f  2 ,5  mg. p e r  k g .^ .  A lso , i n  c o n t r a s t  to  th e  c a rd ia c  g ly c o s id e s ,

d e a th  r e s u l t e d  from  r e s p i r a t o r y  d e p re s s io n  c a u s in g  a sp h y x ia , th e  h e a r t

25 53 37c o n tin u in g  to  b e a t  f o r  a s h o r t  tim e a f t e r  c a s s a t io n  o f  b re a th in g

C a rd io to n ic  a c t i o n .

The f i r s t  i n v e s t i g a t i o n  o f  th e  pharm acology o f  th e  Voaoanga 

a lk a lo id s ^ ^  r e v e a le d  t h a t  t o t a l  a lk a lo id a l  e x t r a c t s  o f  th e  t ru n k  b a rk  

and r o o t  b a rk  o f  V .a f r i c a n a , and o f  th e  trunlc b a rk  o f  V , th o u a r s i i  

v a r .  o b tu s a . h ad  m arked c a r d io to n ic  e f f e c t s  when a d m in is te re d  i n t r a ­

v e n o u sly  to  o h lo r a lo s e d  dogs. T h is  a c t io n  h a s  s in c e  been  co n firm ed

8 28 3 3by v a r io u s  w o rk e rs  '  '  .

S u b se q u e n tly  th e  c a r d io to n ic  a c t i v i t y  o f  th e  i n d iv id u a l  a lk a lo id s  

was d e s c r ib e d , Voaoamine ( v o a c a n g i n i n e ) ^ ^ ^ ^ 24,50^ d o se s  o f  

0.1 mg. p e r  k g , ,  e x h ib i te d  a  p o s i t iv e  in o t r o p ic  e f f e c t  on th e  i s o l a t e d  

r a b b i t  a u r i c l e s .  The e q u iv a le n t  dose o f  d ig i to x in  r e q u i r e d  to  p roduce 

a  s im i la r  re sp o n se  was 0 ,0 3  mg. p e r  k g . ,  b u t  voaoam ine b e in g  much l e s s  

to x io  th a n  th e  g ly c o s id e ,  h ad  a th e r a p e u t ic  in d e x  o f  a b o u t te n  tim e s  

t h a t  o f d ig i  to x in .  The v/a t e r - s o l u b l e  su lp h a te  o f  voaoam ine showed 

s im i la r  q u a n t i t a t iv e  e f f e c t s  to  d ig i to x in  and p o s s e s s e d  a th e r a p e u t ic  

in d e x  o f a b o u t e ig h ty  tim e s  t h a t  o f  th e  g ly c o s id e .  Voaoamine oampho-
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su lp h o n a te ^ ^ ^ ^ ^  was shown to  have f o u r  tim es  th e  c a r d io to n io  a c t i v i t y  

o f  th e  s u lp h a te  on th e  i s o l a t e d  r a b b i t  a u r i c l e s ,  i t  was a ls o  l e s s  

to x ic ,  Voaoamine d im e th y la m in o e th y l e s te r^ ^ * ^ ^  a ls o  h ad  a c a rd io to n ic  

e f f e c t  on th e  i s o l a t e d  r a b b i t  a u r i c l e s ,  q u a n t i t a t i v e l y  s im il.a r  to  t h a t  

o f  voaoam ine su lp h a te  b u t  d i f f e r i n g  q u a l i t a t i v e l y  i n  b e in g  more r e s i s ­

t a n t  to  r e p e a te d  w ash in g . T h is  was p resum ab ly  due to  a  u n io n  o f  th e  

su b s ta n c e  w ith  c a rd ia c  m usc le , d e m o n s tra te d  by i n a c t i v a t i o n  w ith  p r o t e in  

(h o rse  serum) ,

The e f f e c t  o f  voaoam ine s u lp h a te  on th e  e le c tro c a rd io g ra m  o f  th e  

11o h lo r a lo s e d  c a t  was s im i l a r  to  t h a t  o f  d i g i t a l i s ,  a lth o u g h  r e q u i r in g  

much l a r g e r  d o se s , commencing w ith  in v e r s io n  o f  th e  T wave (1 00 m g .) , 

th e n  w ith  l a r g e r  am ounts ( 5OO to  6OO mg.) b ra d y c a rd ia  d ev e lo p ed , and  

w ith  v e ry  h ig h  d o se s  ( 7OO to  800 mg.) d is tu rb a n c e s  i n  th e  a u r io u lo -  

v e n t r i c u l a r  c o n d u c tio n  were o b se rv e d , fo llo w e d  by  n o d a l a rrh y th m n ia s  

accom panied by e x t r a s y s t o l i c  b e a t s ,  w ith  d o ses  o f  900 to  1000 mg.

Voaoamine oam phosulphonate^^  showed a  c l e a r  c a r d io to n ic  a c t io n  

i n  th e  a n a e s th e t i s e d  (u re th a n e )  r a b b i t  b u t  was i n e f f e c t i v e  i n  th e  

o h lo r a lo s e d  dog,

8 22
V oaoangine '  was r e p o r te d  to  have a to n ic  e f f e c t  on th e  i s o l a t e d  

r a b b i t  a u r i c l e s  s im i l a r ,  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y ,  to  voaoam ine,

( v o a c a l in e ) ^ ^ '^ ^ '^ ^  a ls o  h ad  a to n ic  e f f e c t  on th e  

i s o l a t e d  r a b b i t  a u r i c l e s  s im i la r  to  t h a t  o f  voaoam ine, though was more 

p e r s i s t e n t ,  b u t  on th e  i s o l a t e d  r a b b i t  h e a r t  i t  showed a  g r e a t e r  e f f e c t
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th a n  voaoam ine.

L ike voaoam ine oam phosu lphonate , v o ao o rin e  showed a  c a r d io to n io  

a c t io n  i n  th e  a n a e s th e t i s e d  (u re th a n e )  r a h h i t  h u t  th e  p o s i t iv e  in o ­

t r o p ic  e f f e c t  was accom panied  by a  n e g a tiv e  c h ro n o tro p ic  e f f e c t*

A lso  l i k e  th e  voaoam ine d e r iv a t iv e ,  v o ao o rin e  p ro d u ce d  no c a r d io to n ic

e f f e c t  i n  th e  o h lo r a lo s e d  dog.
29 30

V o a o h a lo tin e  showed a c a rd io to n io  e f f e c t  on th e  i s o l a t e d

r a b b i t  a u r i c l e s ,  g e n e r a l ly  somewhat more m arked th a n  t h a t  o f  voaoam ine,

w hich p e r s i s t e d  even a f t e r  e x te n s iv e  w ashing  due to  i t s  a f f i n i t y  f o r

c a rd ia c  m u sc le , d e m o n s tra te d  by i t s  i n a c t i v a t i o n  by h o rse  serum . I t

a ls o  had  a  c a r d io to n io  e f f e c t  i n  the  a n a e s th e t i s e d  ( b a r b i t u r a t e )  o a t ,

11C a rd io to n io  p r o p e r t i e s  were a ls o  a cc o rd e d  to  voaoam inine •

I t  th u s  seems w e l l - e s t a b l i s h e d  t h a t  th e s e  a lk a lo id s  have a 

s i g n i f i c a n t  to n ic  a c t io n  on th e  i s o l a t e d  r a b b i t  a u r i c l e s  and  a c a r ­

d io to n ic  a c t io n  i n  th e  r a b b i t  and c a t ,  b u t  n o t  i n  th e  dog. However, 

i n  s p i t e  o f  th e s e  r e s u l t s  some w ork e rs  have d o u b ted  th e  e f f i c a c y  o f

th e s e  su b s ta n c e s  a s  c a rd io to n io  d ru g s . On th e  i s o l a t e d  a u r i c l e s  o f

28th e  r a b b i t  and  g u in e a -p ig , M a ff ii  e t  a l . fo u n d  th e  in o t r o p ic  a c t io n  

o f  voaoam ine su lp h a te  to  be s l i g h t  and i n c o n s ta n t ,  p a r t l y  due to  th e  

i n s t a b i l i t y  o f  th e  a lk a lo i d a l  s a l t  s o lu t io n .  On th e  f r o g  h e a r t ,  

sm a ll d o se s  o f  voaoam ine p ro d u ced  some in c o n s ta n t  c a r d io to n ic  e f f e c t  

b u t  h ig h e r  d o ses  p ro d u ced  a c o n s ta n t  n e g a tiv e  e f f e c t  le a d in g  e v e n tu a l ly  

to  c e s s a t io n  o f  th e  h e a r t .  I t  was found  t h a t  voacan g in e  h ad  l i t t l e  o r
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no c a r d io to n io  a c t io n ,  and l i i i s  was c o n firm ed  by B la n p in  a t  a l ,^ ^ .  

M a ff ii  e t  a l . em phasised  t h e i r  i n a b i l i t y  to  d e m o n s tra te  any p o s i t iv e  

in o t r o p ic  a c t io n  i n  th e  whole a n im a l,
? ? ? I

V ogel and  U ebel ^  w ere a ls o  l e s s  im p re sse d  w ith  th e  s l i g h t  

in o t r o p ic  a c t io n  o f  th e  Voaoanga a lk a lo id s ,  i n  com parison  to  th e  

c a rd ia c  g ly c o s id e s ,  th a n  w ith  t h e i r  n e u ro p le g ic  a c t io n ,  p r im a r i ly

a t t r i b u t e d  to  v o ao an g in e .

E f f e c t s  on th e  autonom ic n e rv o u s sy stem .

T o ta l  a lk a lo i d a l  e x t r a c t s  o f  Voaoanga^^ w ere shown to  a n ta g o n is e  

th e  lo w e rin g  o f  b lo o d  p re s s u re  o b se rv e d  w ith  th e  i n j e c t i o n  o f  a c e ty l  

c h o lin e  and w ith  s t im u la t io n  o f  th e  vagus n e rv e . The e x t r a c t s  w ere 

a ls o  shown to  red u c e  th e  r i s e  i n  b lo o d  p re s s u re  r e s u l t i n g  from  th e  

i n j e c t i o n  o f  a d re n a l in e  and  o c c lu s io n  o f  th e  c a r o t i d  a r t e r i e s .  Thus 

i t  w ould  ap p ea r t h a t  th e  m ix tu re  o f  a lk a lo id s  e x h ib i t e d  b o th  m ild  

p a ra sy m p a th o ly tio  and sy m p a th o ly tic  p r o p e r t i e s .  I n d iv id u a l  a lk a lo id s  

were th e n  exam ined.

P o t e n t i a t i o n  o f  th e  f a l l  i n  b lo o d  p re s s u re  p ro d u ced  by p e r ip h e r a l  

s t im u la t io n  o f  th e  vagus and i n j e c t i o n  o f a c e ty l  c h o lin e  was seen  w ith  

voacam ine^^*^^ and th e  h y p o te n s io n  p ro d u ced  by i n j e c t i o n  o f  th e  a lk a ­

l o i d  i t s e l f  was a b o l is h e d  by a t r o p in e .  The a lk a l o i d  was a ls o  shown to  

e x e r t  a  spasm ogenic a c t io n  by c a u s in g  the  c o n t r a c t io n  o f  th e  sm a ll 

i n t e s t i n e  o f  b o th  th e  r a t  and  th e  dog, s im i la r  to  th e  e f f e c t  seen  w ith
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a o e ty l  o h o l in e ,  Voaoamine th e r e f o r e  e x h ib i te d  some parasym pathoraim -

e t i o  a c t io n s .  The r i s e  i n  b lo o d  p re s s u re  in d u c e d  by  a d m in is t r a t io n

o f  a d re n a l in e  o r  o c c lu s io n  o f  the  c a r o t id s  was a t t e n u a t e d  by  voaoam ine.

T h is  c o u ld  have been  a sy m p a th o ly tic  a c t io n  o r  sim p ly  the  r e s o l u t i o n

o f  th e  two op p o sin g  e f f e c t s *

27V oaoorine  h ad  a  s im i la r  a c t io n  i n  d im in ish in g  th e  r i s e  i n  

b lo o d  p r e s s u re  r e s u l t i n g  from  a d m in is t r a t io n  o f  a d re n a l in e  o r  c a r o t id  

a r t e r y  o c c lu s io n  a s  was o b se rv e d  w ith  voaoam ine b u t  t h i s  su b s ta n c e  

was a ls o  a b le  to  a n ta g o n is e  th e  h y p o te n s iv e  e f f e c t s  a f t e r  a d m in is t r a t io n  

o f  a c e ty l  c h o lin e  o r  v a g a l s t im u la t io n ,  t h a t  i s  an  a t r o p i n e - l i k e  a c t io n .  

V oaoorine  s t im u la te d  smooth m u sc le , a s  d id  voaoam ine, b u t  th e  e f f e c t  

was n o t  b lo c k e d  by a t ro p in e  su g g e s tin g  t h a t  th e  spasm ogenic a c t io n  

was n o t  o f  a  p a ra sy m p a th e tic  o r i g in .

On th e  i n t e s t i n e  i n  s i t u , voaoangdne^^ p ro d u ce d  a m arked in c r e a s e  

i n  p e r i s t a l s i s  accom panied by in c r e a s e d  g a s t r i c  s e c r e t io n .  T h at t h i s  

was a  parasym pathom im etic  e f f e c t  was shown by i t s  i n h i b i t i o n  by a t r o ­

p in e .  P o t e n t i a t i o n  o f  th e  r a i s i n g  o f  b lo o d  p r e s s u r e  by a d re n a l in e  

and o c c lu s io n  o f  th e  c a r o t id s ,  i n  the  o h lo r a lo s e d  dog, i n d ic a t e d

voaoang ine  a ls o  p o s s e s se d  sym pathom im etic p r o p e r t i e s .

37A lthough  la r g e  d o se s  o f  vo b asin e  h y d ro c h lo r id e  p ro d u ced  

lao h ry m a tio n  and  m y d r ia s is ,  i t  ap p ea re d  to  have l i t t l e  e f f e c t  on th e  

autonom ic n e rv o u s  system .
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E f f e c t s  on th e  oe n t r a i  n e rv o u s  sy stem .

As a lr e a d y  m en tio n ed , l e t h a l  doses o f th e  Voaoanga a lk a lo id s

c au sed  d e a th  by r e s p i r a t o r y  d e p re s s io n . T h is  c o u ld  r e s u l t  from  e i t h e r

d e p re s s io n  o f  th e  c e n t r a l  n e rv o u s  system  o r  by a  p e r ip h e r a l  a c t io n  i n

c o n s t r i c t i n g  th e  smooth m uscle o f  th e  b ro n c h io le s .

A c lo s e  e x a m in a tio n  o f  th e  c e n t r a l  e f f e c t s  o f  th e  Voaoanga 

1 20a lk a lo id s  , and o f  ib o g a in e ,  r e v e a le d  t h a t  o n ly  voaoang ine  and  ib o -

g a in e  h ad  any  s i g n i f i c a n t  d e p re s s a n t  p r o p e r t i e s ,  i n  t h a t  th e y  were

a b le  to  a f f o r d  some p r o t e c t io n  a g a in s t  e l e c t r i c a l l y - i n d u c e d  s e iz u r e s .

V oacangine was a ls o  a b le  to  p o t e n t i a t e  b a r b i tu r a te - in d u c e d  h y p n o s is  and

to  d e p re s s  th e  a n a le p t i c  e f f e c t  o f  l e p t a z o l ,  amphetam ine and  s t r y c h -

56n in e .  I t  w as, how ever, c la im e d  e lsew h ere  t h a t  voaoang ine  h ad  l i t t l e

i n h i b i t o r y  e f f e c t  on c e n t r a l  n e rv o u s  s t im u la n ts  and  in d e e d  p o t e n t i a t e d

th e  c o n v u ls a n t  a c t io n  o f  s t r y c h n in e .  Both voacang ine  and ib o g a in e

lo w ered  r e c t a l  te m p e ra tu re , voaoang ine  b e in g  th e  more a c t i v e .

37V obasine was a ls o  fo und  to  have a weak c e n t r a l  d e p re s s a n t

a c t io n  i n  m ice , in c lu d in g  a s l i g h t  a n t i p y r e t i c  a c t io n .

Erom th e  i n a b i l i t y  to  in f lu e n c e  a r t i f i c i a l l y - i n d u c e d  c o n v u ls io n s

and th e  c o m p a ra tiv e ly  s l i g h t  e f f e c t  o f th e  a lk a lo id s  on r e s p i r a t i o n ,

33i t  was th o u g h t t h e i r  a c t io n  was more l i k e l y  to  be a t  some s u b c o r t io a l  

l e v e l  r a t h e r  th a n  a d i r e c t  e f f e c t  on the  c e r e b r a l  c o r te x .
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V a sc u la r  e f f e c t s .

T o ta l  a lk a lo i d a l  e x t r a c t s  o f  Voaoanga^^ p ro d u ced  h y p o te n s io n  i n

th e  dog. T h is  was p ro b a b ly  due p r im a r i ly  to  voaoam ine w hich was

r e p o r t e d^^ to  p roduce  h y p o te n s io n  i n  th e  r a b b i t ,  dog and c a t ,  d e s p i te

28p e r ip h e r a l  v a s o - o o n s t r io t io n .  However, M a f f i i  e t  a l . c la im e d  th e

a lk a lo id  to  have no e f f e c t  on th e  b lo o d  p re s s u re  o f  th e s e  a n im a ls  and

22La B a rre  and G -illo n o te d  a  m arked and s u s ta in e d  h y p e r te n s iv e  e f f e c t

27i n  th e  o a t .  V oaoorine showed no c l e a r  e f f e c t  on b lo o d  p r e s s u r e ,

though a g a in  c a u s in g  p e r ip h e r a l  v a s o - c o n s t r io t io n .  I n  c o n t r a s t  to  

26voaoam ine , i t  c au sed  a  m arked in c r e a s e  i n  c o ro n a ry  f lo w  s im i la r  to

29t h a t  p ro d u ced  by th e  d i g i t a l i s  g ly c o s id e s .  V o a c h a lo tin e  had  a m ild  

h y p e r te n s iv e  e f f e c t  i n  th e  c a t ,  and  v o a o a n ^ n e ^^ h ad  a  h y p o te n s iv e  

e f f e c t  i n  t h i s  a n im a l, A s im i la r  r e a c t io n  was p ro d u ced  by sm a ll doses 

o f  voacang ine  i n  th e  dog b u t  h ig h e r  do ses r e v e r s e d  th e  e f f e c t  c a u s in g  

m arked h y p e r te n s io n .

I t  was c o n c lu d ed  t h a t  th e  t o t a l  v a s c u la r  e f f e c t  o f  th e  a lk a lo id s  

was a  r e s o l u t i o n  o f  s e v e r a l  a c t io n s ;  th u s  w ith  voaoam ine th e  g e n e ra l  

h y p o te n s iv e  e f f e c t  was b rough t a b o u t i n  s p i t e  o f  th e  o p p o s i t io n  o f  th e  

p o t e n t i a l l y  h y p e r te n s iv e  e f f e c t s  o f  v a s o c o n s t r i c t io n  and  c a r d i o to n i c i t y ,  

p ro b a b ly  th ro u g h  th e  autonom ic n e rv o u s systern^^*

M isc e lla n e o u s  e f f e c t s .

33 34V oaoangine ^  showed an  a n ti- in f la m m a to ry  a c t io n  s im i la r  to
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t h a t  o f  r e s e ip in e  and  o h lo rp ro m a z in e , A l l  th r e e  su b s ta n c e s  i n h i b i t e d  

th e  fo rm a tio n  o f  oedema i n  th e  paw o f  the  r a t  b u t  th e  d u r a t io n  o f  th e  

a c t io n  o f  vo acan g in e  was s h o r t e r  th a n  t h a t  o f  r e s e r p in e  and  a ls o  i t  

in c r e a s e d  th e  a c t io n  o f  th y ro x in e  on m etabo lism  w h ereas r e s e r p in e  

i n h i b i t e d  i t .  I t  was c o n c lu d ed  t h a t  th e  a c t io n  o f  voaoang ine  was more 

s im i l a r  to  t h a t  o f  o h lo rp ro m a s in e ,

35An a n a lg e s ic  e f f e c t  was shown by voaoam ine s u lp h a te  w hich 

a f fo rd e d  c o n s id e ra b le  p r o t e c t io n  to  p a in  evoked by b u rn in g , i n  m ice,

A dose o f  to  mg. p e r  kg . h ad  an a c t io n  n e a r ly  e q u iv a le n t  to  t h a t  o f  

1 ,2 5  mg. p e r  k g . o f  m orphine h y d ro c h lo r id e . I n  a second  e x p e rim e n t, 

depend ing  on th e  r e l e a s e  o f  a s c o rb ic  a c id  from  th e  s u p ra re n a l  c a p su le  

i n  th e  r a b b i t  on p a in f u l  e l e c t r i c a l  s t im u la t io n  o f  a  paw, some a l l e v ­

i a t i o n  was o b ta in e d  by  in tr a v e n o u s  a d m in is t r a t io n  o f  h i ^  d o ses o f  the

27s u lp h a te ,  b u t  m orphine was much more e f f e c t i v e .  V oaoorine  , voa­

c a n g in e ^^ and  v o b a s in e ^^ a l l  had  a  s l i g h t  a n a lg e s ic  a c t io n  b u t  n o t
29

voaoamine d im e th y la m in o e th y l e s t e r  ,

56V oacangine h y d ro c h lo r id e  p ro v ed  to  have a  l o c a l  a n a e s th e t ic

a c t io n  on b o th  th e  co rn e a  o f  th e  r a b b i t  and th e  s k in  o f  th e  g u in e a -p ig ,

f o u r  tim e s  a s  e f f e c t i v e  a s  p ro c a in e  i n  the  l a t t e r  c a s e ,  b u t  i t  a ls o
27

p ro d u ced  i r r i t a t i o n .  Voaoamine and v o ao o rin e  showed no l o c a l  an ae ­

s t h e t i c  a c t io n .

26 37Voaoamine and v o b asin e  h ad  no d i u r e t i c  a c t io n .

V oaoam ine^^ d id  n o t  a f f e c t  b lo o d  c o a g u la t io n  ( c . f .  d i g i t a l i s ^  .
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11 28V o b tu sin e   ̂ a p p ea re d  in a c t iv e  p h a im iao o lo g ic a lly .

T h e ra p e u tic  a p p l i c a t i o n s .

The v a lu e  o f  a d m in is te r in g  m ix tu re s  o f  voaoam ine s u lp h a te  and

1 22s t ro p h a n th in  h a s  b een  exam ined and i t  was fo u n d  t h a t  p o t e n t i a t i o n  

o f  th e  p o s i t i v e  i n o t r o p ic  e f f e c t  on th e  i s o l a t e d  r a b b i t  a u r i c l e  was 

a c h ie v e d , and th e  e f f e c t  a c h ie v e d  more r a p id ly .  T here  w as, s im u lta n ­

e o u s ly , a  m arked r e d u c t io n  i n  h e a r t  r a t e ,  even when th e  amount o f  

s t ro p h a n th in  p r e s e n t  was l e s s  th a n  t h a t  n o rm a lly  p ro d u c in g  b ra d y c a rd ia ,  

A s im i la r  a c t io n  was fo u n d  i n  th e  o h lo ra lo s e d  o a t .  I t  was co n c lu d ed  

t h a t  i t  m igh t be u s e f u l  to  t r e a t  th o se  c o n d it io n s  w here c a rd ia c  i n ­

s u f f i c i e n c i e s  w ere accom panied by ta c h y c a rd ia  w ith  a  m ix tu re  o f  c a rd ia c  

a lk a lo id  and c a rd ia c  g ly c o s id e .

The o n ly  Voaoanga a lk a lo i d  which h a s  been  th e  s u b je c t  o f  c l i n i c a l  

11t r i a l s  i s  voaoam ine , a s  th e  s u lp h a te .  The d rug  was t e s t e d  on tw e n ty -  

one p a t i e n t s  a l l  s u f f e r in g  from  c h ro n ic  c a rd ia c  i n s u f f i c i e n c y  o f  common 

o r i g i n ,  e .g .  a r t e r i o s c l e r o s i s ,  a r t e r i a l  h y p e r te n s io n  and rheum atism .

The p a t t e r n  o f  th e  r e a c t i o n  was the  same i n  a l l  o a s e s .  A d m in is tr a t io n  

was p r im a r i ly  by  in tr a v e n o u s  i n j e c t i o n ,  though was som etim es fo llo w e d  

by o r a l  th e ra p y . A m e lio ra tio n  o f  the  symptoms was n o rm a lly  a p p a re n t 

w i th in  f o r t y - e i g h t  h o u rs ,  d i u r e s i s  b e in g  m arkedly  in c r e a s e d ,  w ith  a 

c o rre sp o n d in g  r e d u c t io n  i n  oedema, and , i f  p r e s e n t ,  pulm onary s t a s i s  

and  dyspnoea d is a p p e a re d . Venous p re s s u re  was u s u a l ly  re d u c e d  b u t
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l i t t l e  e f f e c t  was o b se rv e d  on c a rd ia c  frequency*  However i t  was con­

s id e r e d  t h a t  much more e x p e r ie n c e  was r e q u i r e d  b e fo re  e x a c t  d e t a i l s  

o f  p o so lo g y  and th e r a p e u t ic  a p p l i c a t io n  c o u ld  be d e riv ed *

Summary,

I t  w ould seem from  th e  work o f  La B a rre  e t  a l , and Quevauv i l i e r  

and B lan p in  t h a t  th e  c a r d io to n ic  p r o p e r t i e s  o f  a t  l e a s t  voaoam ine 

s u lp h a te  a re  w e l l  e s t a b l i s h e d .  I t s  m ild  t o x i c i t y ,  i n  com parison  to  

th e  c a rd ia c  g ly c o s id e s ,  i s  p a r t i c u l a r l y  im p o r ta n t  and  t h i s  a s p e c t  

a p p e a rs  n o t  to  be em phasised  i n  th o se  r e p o r t s ,  p a r t i c u l a r l y  o f  M a ff ii  

e t  a l *, w hich f i n d  th e  c a rd io to n io  p r o p e r t i e s  l e s s  im p re s s iv e . The 

c l i n i c a l  t r i a l s ,  a lth o u g h  somewhat l im i t e d  i n  e x te n t ,  c e r t a i n l y  a p p ea r 

v e ry  p ro m is in g .

The n e u ro p le g ic  a c t io n  o f  v o ao an g in e , s t r e s s e d  by th e  more r e c e n t  

s tu d i e s ,  may a ls o  p rove  to  be o f  v a lu e .

I n  c o n c lu s io n , i t  a p p e a rs  t h a t  th e  Voaoanga a lk a lo id s  may p rove 

to  be o f  c o n s id e ra b le  th e r a p e u t ic  v a lu e  b u t  t h e i r  e x a c t  r o l e  i s  n o t  

y e t  c l e a r .
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M icroscopy  o f  th e  stem  h a rk  o f  A pocynaoeous p l a n t s

L i t t l e  d e t a i l e d  in fo rm a tio n  i s  a v a i la b le  on th e  m ic ro s c o p ic a l

s t r u c tu r e  o f  th e  stem  b a rk s  o f  p l a n t s  o f  th e  fa m ily  A pocynaoeae, b u t

38t h e i r  g e n e ra l  s t r u c tu r e  was d e s c r ib e d  by M e tca lfe  and  C halk *

The c o rk  f r e q u e n t ly  c o n s is te d  o f  a l t e r n a t e  l a y e r s  o f  th ic k  and 

th in - w a l le d  c e l l s  g iv in g  a  c h a r a c t e r i s t i c  s t r a t i f i e d  ap p ea ra n c e ; and  

th e  c o r te x  and  phloem  o f te n  c o n ta in e d  s c l e r e i d s ,  o c c u r r in g  e i t h e r  

s in g ly  o r  i n  g ro u p s; b u t  th e  m ost c h a r a c t e r i s t i c  f e a t u r e s  w ere th e  

p re se n c e  o f  p e r io y c l io  f i b r e s  and l a t i c i f e r o u s  t i s s u e .  The f i b r e s ,  

r e f e r r e d  to  a s  'w h ite  f i b r e s ' ,  were d e s c r ib e d  a s  h a v in g  u n d ig n if ie d ,  

s t r i a t e d  w a l ls  w ith  c o n s t r i c t e d  and e n la rg e d  p o r t io n s  a lo n g  t h e i r  

l e n g th s ,  and  o c c u r r in g  e i t h e r  s in g ly  o r  i n  g ro u p s . The l a t i c i f e r o u s  

t i s s u e  was a lw ays p r e s e n t  and m igh t o ccu r i n  th e  c o r t e x ,  p e r i c y c l e ,  

phloem , o r ,  o c c a s io n a l ly ,  m e d u lla ry  r a y s .

The ty p e s  o f  m e d u lla ry  r a y s  o c c u rr in g  i n  A pocynaoeous p l a n t s  

were g iv e n  i n  some d e t a i l  a s  th e y  showed c o n s id e ra b le  v a r i a t i o n .  One 

group o f  s i x  g e n e ra , in c lu d in g  V oaoanga. had  r a y s  w hich were m arkedly  

h e te ro g e n e o u s , seen  i n  t a n g e n t i a l  lo n g i tu d in a l  s e c t io n s  to  c o n s i s t  o f  

u n is e r ia te  'w ide  and t a l l  u p r ig h t  c e l l s '  and m u l t i s e r i a t e  sm a ll c e l l s ,  

th e r e  f r e q u e n t ly  b e in g  more th a n  one m u lt i  s e r i a t e  p o r t io n  p e r  r a y .

C r y s ta ls  were common i n  u n d ig n if ie d  t i s s u e s  and  h ad  been  o b se rv ed  

i n  c o rk  c e l l s .
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D e ta i le d  a n a to m ic a l s tu d ie s  have been  made on th e  stem  b a rk  o f

s e v e ra l  s p e c ie s  o f  A spidosperm a^^ The w a l ls  o f  th e  c o rk  c e l l s

v a r ie d  from  b e in g  u n d ig n if ie d  o r  o n ly  s l i g h t l y  d i g n i f i e d  to  b e in g  

h e a v i ly  d ig n i f i e d ,  b u t  d id  n o t  show any s t r a t i f i c a t i o n .  B o le re id s  

o c c u r re d  i n  th e  p h e llo d e rm , e i t h e r  i n  g roups o r  i n  a  more o r  l e s s  

c o n tin u o u s  band; i n  th e  c o r te x ,  e i t h e r  i n  g ro u p s o r  b a n d s ; and  i n  th e

o u te r  phloem , w ith  th e  e x c e p tio n  o f  one s p e c ie s ,  i n  g ro u p s . O nly i n

A .u l e i . w ere f i b r e s  r e p o r te d  i n  th e  c o r t i c a l  r e g io n  and  th e s e  o c c u r re d  

s in g ly ,  embedded i n  g ro u p s o f  s c l e r e id s .  These f i b r e s  had  th ic k ,  

u n d ig n if ie d  o r  o n ly  s l i g h t l y  d i g n i f i e d  w a l l s ,  showing c o n c e n tr ic  

s t r i a t i o n s  i n  t r a n s v e r s e  s e c t io n .  D ig n if ie d  f i b r e s  o c c u r re d , e i t h e r  

s in g ly  o r  i n  g ro u p s , i n  th e  phloem o f  a l l  sp e c ie s*  L a te x  c a n a ls  were 

p r e s e n t  i n  th e  c o r t i c e s  o f  m ost b a rk s ,  b e in g  i s o d ia m e t r io ,  t angen t i a l l y  

o r  a x i a l l y  e lo n g a te d , a c c o rd in g  to  the  s p e c ie s .  The m ed u lla ry  r a y s  

were one to  th r e e  c e l l s  w ide and fo u r  to  f o r t y - f i v e  c e l l s  deep , the  

c e l l s  o c c a s io n a l ly  b e in g  d ig n i f i e d  when a s s o c ia te d  w ith  s o l e r e id  

g ro u p s . No m en tion  o f  a  h e te ro g e n e o u s  s t r u c tu r e  was made. I n  a l l  

s p e c ie s ,  p r i s m a t ic  c r y s t a l s  o f  c a lc iu m  o x a la te  o c c u r re d  i n  a s s o c ia t io n  

w ith  some o f  th e  s o l e r e i d  g ro u p s and a s  a c r y s t a l  sh e a th  ro und  th e  

f i b r e s .

Thus a lth o u g h  th e s e  b a rk s  o f  th e  genus A spidosperm a f i t t e d  to  

some e x te n t  th e  g e n e ra l  p i c tu r e  o f  Apocynaoeous b a rk s  g iv e n  by M e tca lfe  

and  C h a lk , th e y  w ere a ty p i c a l  i n  th e  absence  o f  p e r io y c l io  f i b r e s  and



—  64 ***

i n  th e  absence  o f  l a t i c i f e r o u s  t i s s u e  from  some s p e c ie s .

The h i s t o l o g i c a l  s t r u c tu r e s  o f  th e  r o o t s ,  rh izo m es and , i n

few er c a s e s ,  a e r i a l  stem s o f  s e v e ra l  s p e c ie s  o f  R au w o lfia  have b een  

45-52d e s c r ib e d  , and  th e  b a rk s  o f  the  rh izom es and a e r i a l  stem s p ro v ed  

to  have th e  c h a r a c te r s  t y p ic a l  o f  Apocynaoeous b a rk s .

A lthough  i n  some o f th e  s p e c ie s  exam ined th e  c o rk  was i n  th e  

form  o f  a  homogeneous b an d  o f  c e l l s ,  more o f te n  i t  c o n s i s t e d  o f 

a l t e r n a t e  bands o f  sm a ll c e l l s  and l a r g e r  c e l l s ,  th e  fo rm er b e in g  

u n d ig n if ie d  and th e  l a t t e r  d ig n i f i e d ,  g iv in g  a s t r a t i f i e d  a p p e a ra n c e , 

S c le r e id s  were p r e s e n t  i n  a l l  th e  s p e c ie s  d e s c r ib e d ,  a lth o u g h  the  

amount and  d i s t r i b u t i o n  v a r ie d  c o n s id e ra b ly . Most commonly th e y  

o c c u rre d  i n  th e  phloem , p a r t i c u l a r l y  i n  th e  o u te r  phloem , u s u a l ly  

a s  f a i r l y  sm a ll g ro u p s b u t  o c c a s io n a l ly  a s  b a n d s , and th e y  were 

f r e q u e n t ly  p r e s e n t  i n  th e  c o r te x  and p h e llo d e rm .

A ll  th e  s p e c ie s  exam ined c o n ta in e d  h ig h ly  r e f r a c t i v e ,  u n d ig ­

n i f i e d  o r  o n ly  v e ry  s l i g h t l y  d i g n i f i e d  p e r io y c l io  f i b r e s  w hich were 

p a r t i c u l a r l y  ab u n d an t i n  t h i n  b a rk , and l a t i c i f e r o u s  t i s s u e ,  p r e s e n t  

u s u a l ly  i n  th e  c o r te x  and  o u te r  phloem , o c c u r r in g  e i t h e r  a s  c i r c u l a r  

o r  o v a l  l a t e x  c e l l s  o r  d u c ts ,  o r  a s  more h ig h ly  d ev e lo p ed  tu b e s .

Most o f  th e  s p e c ie s  h ad  h e te ro g e n e o u s  m ed u lla ry  r a y s ,  a p p e a rin g  i n  

t a n g e n t i a l  l o n g i tu d in a l  s e c t io n  a s  o v a l g roups o f  sm a ll c e l l s  w ith  

u p p er and lo w er u n i s e r i a t e  e x te n s io n s  o f  l a r g e r  c e l l s .  U su a lly  th e s e  

e x te n s io n s  c o n s i s te d  o f  o n ly  one to  f o u r  c e l l s ,  b u t  i n  two s p e c ie s ,
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R ,l i f i u s t r i n a  and  vomi t o r i  a . th e y  were s u f f i c i e n t l y  lo n g  to  l i n k  up

w ith  o th e r  g ro u p s o f  sm a ll c e l l s ,  a s  d e s o r ih e d  by M e tca lfe  and  C halk  

f o r  th e  genus V oaoanea.

P r is m a tic  c r y s t a l s  o f  ca lc iu m  o x a la te  w ere p r e s e n t  i r  th e  • 

parenchym atous t i s s u e  o f  a l l  th e  s p e c ie s  d e s c r ib e d ,  b e in g  m ost 

abundan t i n  th e  phloem  w here th e y  o c c u rre d  i n  v e r t i c a l  rows o f  

numerous c r y s t a l s .

Thus th e s e  b a rk s  from  p l a n t s  o f  th e  genus R au w o lfia  f i t t e d  

v e ry  c lo s e ly  to  th e  g e n e ra l  d e s c r ip t io n  o f  A pooynaceous b a rk s  by 

M e tc a lfe  and  C halk .
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Voaoarifca a o h w e in fu r th i i  S tap f*

The m a te r i a l  u se d  i n  th e  e x am in a tio n  o f  th e  o h e m is try  and  anatom y 

o f  t h i s  s p e c ie s  was th e  stem  h a rk  g a th e re d  i n  f o r e s t s  n e a r  Id tw e , 

N o r th e rn  R hodesia*  The sam ples w ere c o l l e c t e d  and a u th e n t i c a te d ,  by 

re f e r e n c e  to  th e  h e rb a riu m  o f  th e  R oyal B o ta n ic  G ardens , Kew, by 

D* B* Panshaw e, D iv is io n  o f  F o r e s t  N eology, Kitwe*

The a u th e n t i c a t io n  was by com parison  o f  th e  f l o r a l  p a r t s  o f  th e  

p l a n t s  from  w hich th e  b a rk  was c o l l e c t e d  w ith  th o se  o f  th e  type  

specim en o f  th e  s p e c ie s ,  t h a t  i s  th e  p l a n t  c o l l e c t e d  by S o h w e in fu rth , 

The h e rb a r iu m  a t  Kew c o n ta in s  no sam ples o f  stem  b a rk  o f  t h i s  s p e c ie s .

R e p e a te d  a t te m p ts  were made to  o b ta in  f u r t h e r  sam ples o f  t h i s  

p l a n t  from  s e v e r a l  o th e r  so u rc e s  b u t  a l l  were u n s u c c e s s fu l ,

Voaoanga a f r i c a n a  S ta p f .

The m a te r i a l s  u se d  i n  th e  e x a m in a tio n  o f  t h i s  s p e c ie s  were from  

s e v e r a l  s o u rc e s . Sam ples o f  stem  b a rk  c o l l e c t e d  i n  F ren ch  G u inea , i n  

N ig e r ia  and i n  th e  Congo w ere s u p p l ie d  by P r o f e s s o r  M,-M, J a n o t ,

F a c u lté  de P h a rm ac ie , P a r i s ,  D r. M, B. P a t e l ,  U n iv e r s i ty  o f  I f e ,  and 

P r o f e s s o r  J .  P e o h e r, U n iv e r s i té  L ib re  de B ru x e l le s ,  r e s p e c t iv e ly .

A l l  sam ples had  been  d r ie d  p r i o r  to  t h e i r  su p p ly .

D e ta i l s  c o n c e rn in g  th e  o r i g i n  o f  th e  v a r io u s  sam ples o f  b a rk  

a re  g iv e n  i n  T ab le  3»
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T ab le  3 : S o u rces o f  p l a n t  m a t e r i a l s .
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P re l im in a ry  I n v e s t ig a t io n

A lk a lo id s  a re  m ost commonly e x t r a c te d  from  p l a n t  m a te r ia l s  by 

e i t h e r  an  a lc o h o l ,  u n d er n e u t r a l  o r  a c id  c o n d i t io n s ,  o r  an o rg a n ic  

s o lv e n t ,  u n d er a lk a l in e  c o n d i t io n s .  S m a ll- s c a le  t r i a l  e x t r a c t i o n s  

were c a r r i e d  o u t on th e  pow dered b a rk  u s in g  a s  s o lv e n ts  (a )  90 p e r  c e n t  

e th a n o l ,  (b) c h lo ro fo rm  and  (o) ben zen e . N e u tra l  e th a n o l  was u se d  i n  

th e  f i r s t  e x t r a c t i o n ,  b u t  th e  two o th e r s  were c a r r i e d  o u t  i n  th e  

p re se n c e  o f  s o lu t io n  o f  ammonia* A l l  th re e  s o lv e n ts  p ro v ed  e f f i c i e n t  

i n  e x t r a c t i n g  the  V oacanga a lk a lo id s  b u t  th e  e th a n o l  e x t r a c te d  much 

more c o lo u r in g  m a te r i a l  th a n  th e  o rg a n ic  s o lv e n ts  and  hence one o f  

th e s e  a p p ea re d  p r e f e r a b l e .  Benzene was chosen  r a t h e r  th a n  ch lo ro fo rm  

f o r  two r e a s o n s .  F i r s t l y ,  i t  i s  i n  g e n e ra l  a  more s e l e c t i v e  s o lv e n t  

th a n  c h lo ro fo rm , and , se c o n d ly , ch lo ro fo rm  r e a d i l y  fo rm s em u ls io n s  

when shaken  w ith  w a te r  and  t h i s  can  be a  c o n s id e ra b le  h a z a rd  when 

la r g e  volum es o f  s o lv e n ts  a re  in v o lv e d .
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E x t r a c t io n  o f  th e  a lk a lo id s  o f  7 .  s o h w e in f u r th i i  by 

benzene p e r c o la t io n

2 ,A k g . o f  stem  b a rk  w ere re d u c e d  to  a  No. 60 powder i n  an 

im p a c t m i l l ,  b a s i f i e d  by m a c e ra tin g  o v e rn ig h t  w ith  d i l u t e  s o lu t io n  

o f  ammonia, p ack ed  i n  a  p e r c o l a t o r ,  and e x t r a c t e d  w ith  benzene to  

e x h a u s t io n  ( n e g a t iv e  to  M ey er 's  r e a g e n t ) .  To e n su re  t h a t  a l l  th e  

a lk a lo i d  had  b een  rem oved from  th e  m arc, a  sm a ll sam ple o f  i t  was 

e x t r a c t e d  w ith  d i l u t e  h y d ro c h lo r ic  a c id  and t h i s  e x t r a c t ,  a f t e r  

f i l t e r i n g ,  gave no r e a c t i o n  w ith  M ey er 's  r e a g e n t .  A ttem p ts  w ere 

th e n  made to  s e p a ra te  a lk a lo id s  from  the d a rk  c o lo u re d , c o n c e n tr a te d  

e x t r a c t ,  a s  f o l lo w s .

The b ase  was e x t r a c t e d  from  th e  c o n c e n tr a te  by sh ak in g  w ith  

5 p e r  c e n t  aqueous h y d ro c h lo r ic  a c id ,  p r e c i p i t a t e d  by th e  a d d i t io n  

o f  e x c e s s  s tro n g  s o lu t io n  o f  ammonia, and th e n  talcen  up i n  c h lo ro ­

fo rm , T h is  o h lo r o f o rra i0 s o lu t io n  was s e p a ra te d  and  d r i e d  o v e r an ­

hy d ro u s sodium  s u lp h a te ,  th e n  e v a p o ra te d  to  d ry n e s s  u n d e r re d u c e d  

p r e s s u r e ,  to  y i e l d  the  d a rk  brown crude b a s e . The r e s id u e  was c a r e ­

f u l l y  d is s o lv e d  i n  th e  minimum amount o f  h o t ,  d ry  m ethano l and r e t a in e d  

i n  an  a tte m p t to  in d u ce  c r y s t a l l i s a t i o n  o f  th e  a l k a l o i d s .  A lthough  

th e  a lc o h o l ic  s o lu t io n  was v e ry  s t r o n g ly  b a s i c ,  a s  shown by M ey er 's  

r e a g e n t ,  no c r y s t a l s  were p ro d u ce d . I t  a p p e a re d  t h a t  th e  p re se n c e  

o f  c o lo u r in g  m a tte r  and o th e r  im p u r i t i e s  w ere h a v in g  a  s o l u b i l i s i n g
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e f f e c t  on th e  a lk a lo id s ,  and f u r t h e r  a t te m p ts  were made to  remove some 

o f  th e s e  im p u r i t i e s .

I n i t i a l l y  th e  e f f e c t  o f  p a r t i t i o n  betw een  v a r io u s  s o lv e n ts  was 

exam ined and  i t  was n o te d  t h a t  th e r e  was a c o n s id e ra b le  amount o f  non- 

b a s io  m a te r i a l  p r e s e n t  w hich was in s o lu b le  i n  e th e r ,  w hereas the  

a lk a lo i d a l  f r a c t i o n  ap p ea re d  e th e r - s o lu b le .  T h is  o b s e rv a t io n  l e d  to  

th e  fo llo w in g  p ro c e d u re ,

A second  benzene p e r c o la t io n  was c a r r i e d  o u t  and th e  d r ie d  r e s i ­

due o f  c ru d e  b ase  b u lk e d  w ith  t h a t  from  th e  f i r s t  e x t r a c t i o n .  T h is  

m a te r i a l  was th e n  e x t r a c t e d  c o n tin u o u s ly , i n  a S o x h le t  a p p a ra tu s ,  

w ith  e th e r ,  fU.though some base  was r e a d i ly  rem oved by th e  e th e r ,  i t  

was fo u n d  t h a t  even p ro lo n g e d  e x t r a c t io n  f a i l e d  to  e x h a u s t th e  r e s i ­

due, The e th e r  e x t r a c t  was e v a p o ra te d  to  d ry n e ss  and r e - e x t r a c t e d  

c o n tin u o u s ly  w ith  l i g h t  p e tro le u m  (B .P t .  AO to  60^C) and  w h ile  a g a in  

some b ase  was e x t r a c t e d  r e a d i l y ,  p ro lo n g e d  t r e a tm e n t  f a i l e d  to  remove 

a l l  th e  b a s e .

On e v a p o ra tin g  th e  l i g h t  p e tro le u m  e x t r a c t  to  d ry n e s s ,  th e  

r e s id u e  was f a i r l y  p a le  i n  c o lo u r ,  b u t  a tte m p ts  to  c r y s t a l l i s e  base  

from  i t  a g a in  f a i l e d .  F u r th e r  p u r i f i c a t i o n  o f  th e  r e s id u e  by s o lu t io n  

i n  a c id  and r e - p r e c i p i t a t i o n  a s  base  y ie ld e d  no im provem ent.

The c o n c lu s io n  a t  t h i s  s ta g e  was t h a t  some f r a c t i o n a t i o n  o f  

th e  a lk a lo id s  by s o l u b i l i t y  may have been  e f f e c t e d ,  s e p a r a t in g  th e  

fo llo w in g  f r a c t i o n s :



-  73 -

( i )  e th e r - in s o lu b l e ,

( i i )  e th e r - s o lu b le  b u t  l i g h t  p e tro le u m - in s o lu b le ,  and  

( i i i )  e t h e r -  and l i g h t  p e tro le u m -s o lu b le .

However, th e  m ethod was e x tre m e ly  i n e f f i c i e n t  and th e  r e s u l t a n t  

s o lu t io n s  s t i l l  c o n ta in e d  s u f f i c i e n t  s o l u b i l i s i n g  m a te r i a l s  to  p re v e n t  

c r y s t a l l i s a t i o n *

Column chrom atography  o f  th e  c ru d e  b a s e .

A ttem p ts  to  p u r i f y  th e  c rude  base  by column chrom atography  were 

made, and th e  f i r s t  m ethod a p p lie d  was a d s o r p t io n  on a lu m in a . S e v e ra l 

colum ns w ere t r i e d  u s in g  pu re  and m ixed s o lv e n ts  a s  e lu a n ts  (b en zen e , 

e th a n o l ,  and a c e to n e ) ,  b u t  i t  was fo u n d  im p o ss ib le  to  s e p a ra te  th e  

c o lo u r in g  m a tte r  from  th e  b a s e s ,  a lth o u g h  some f r a c t i o n a t i o n  o f  th e  

l a t t e r  was a c h ie v e d . The m ost s u c c e s s fu l  r e s u l t s  were o b ta in e d  by 

lo a d in g  th e  c rude  base  i n  s o lu t io n  i n  benzene and e l u t i n g  i n i t i a l l y  

w ith  benzene and su b s e q u e n tly  w ith  benzene c o n ta in in g  in c r e a s in g  

p r o p o r t io n s  o f  a c e to n e . E x am in a tio n  o f  th e  e lu a te  w ith  M ey er's  

r e a g e n t  su g g e s te d  th e  p re se n c e  o f  f iv e  d i f f e r e n t  b a s ic  f r a c t i o n s .  

However, ch ro m a to g rap h ic  a n a ly s i s  on p a p e r i n d ic a t e d  th e  p re se n c e  o f  

th re e  b a s e s  i n  th e  f i r s t  f r a c t i o n  and th e s e  p e r s i s t e d ,  a lo n g  w ith  a 

f o u r th  b a s e , i n  th e  second  f r a c t i o n .  The l a s t  th r e e  f r a c t i o n s  gave 

i d e n t i c a l  r e s u l t s ,  showing th e  p re se n c e  o f  one b a se  o n ly , b e in g  one 

o f  th o se  p r e s e n t  i n  th e  o th e r  two f r a c t i o n s .  Thus a g a in  th e  e x p e r i ­
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m en ta l ev idonoe  p o in te d  to  th e  p re se n c e  o f  s e v e ra l  a lk a lo i d s  h u t  s t i l l  

no c r y s t a l l i s a t i o n  c o u ld  be in d u c e d , and a l l  b a s i c  r e s id u e s  w ere d a rk  

i n  c o lo u r  and  v a r n i s h - l i k e  i n  t e x t u r e .

The su c c e s s  o f  th e  p a p e r  system  prom pted  a t te m p ts  a t  p a r t i t i o n  

column chrom atography  u s in g  b u f f e r e d  k ie s e lg u h r ,  and b u f f e r e d  c e l l u ­

l o s e .  A s e r i e s  o f  k ie s e lg u h r  colum ns c a r ry in g  b u f f e r  s o lu t io n s  o f  

v a ry in g  pH v a lu e s  o v e r  th e  ran g e  from  7*5 to  2 ,3  was t r i e d ,  e lu t i n g  

w ith  e th e r  s a tu r a t e d  w ith  th e  a p p ro p r ia te  b u f f e r  s o lu t io n .  I n  each  

case  n o th in g  was h e ld  on th e  colum n, a lth o u g h  in c r e a s in g  th e  a c i d i t y  

p ro lo n g e d  th e  tim e  f o r  com plete  e lu t i o n .  S e v e ra l  r u n s  w ere th e n  

c a r r i e d  o u t  u s in g  a  colum n o f  b u f f e r e d  c e l lu lo s e  pow der. The b ase  

was a p p l ie d  i n  th e  d ry  s t a t e ,  m ixed w ith  some u n b u f fe re d  c e l lu lo s e  

pow der, to  th e  to p  o f  th e  column* E lu t io n  was w ith  e th e r ,  fo llo w e d  

by v a r io u s  o th e r  o rg a n ic  s o lv e n ts ,  b u t  i t  was fo u n d  t h a t  th e  t o t a l  

b a s ic  f r a c t i o n  came o f f  i n  th e  e th e r .  No f r a c t i o n a t i o n  o f  b a s e s  was 

o b ta in e d ,  a lth o u g h  some c o lo u r in g  m a tte r  rem a in ed  on th e  colum n.

I n  an  a t te m p t to  c o m p le te ly  f r e e  th e  e x t r a c t  o f  c o lo u r in g

m a t te r ,  a  te c h n iq u e  u s in g  colum ns o f  f o rm a ld e h y d e - tr e a te d  a lg i n i c  

1 23a c id  was em ployed. P re v io u s  e x p e rie n c e  w ith  t i n c t u r e s  o f  c in ch o n a  

had  shown t h a t  th e  a lk a lo id s  c o u ld  be h e ld , by  io n -e x c h a n g e , on such 

colum ns, w h ile  c o lo u r in g  m a t te r  was e lu t e d  w ith  e th a n o l .  S ubsequen t 

e l u t i o n  w itii d i l u t e  m in e ra l  a c id  gave a c l e a r  s o lu t io n  o f  a l k a lo i d a l  

s a l t s .  B e fo re  use  th e  pow dered a lg in i c  a c id  was m ixed w ith  s u f f i c i e n t
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s o lu t io n  o f  fo rm aldehyde  to  form  a s l u r r y ,  w hich was h e a te d  f o r  1 6 to  

18 h o u rs  a t  BO^C, The r e s u l t a n t  p a s te  was p a r t i a l l y  d r ie d  o v e r a  

b o i l in g - w a te r  b a th ,  th e n  g r a n u la te d  and s i f t e d .  The p o r t io n  p a s s in g  

a No. 20 s i e v e ,  b u t  r e t a in e d  by a  No. 30 s ie v e ,  was u se d . The column 

was pack ed  by ad d in g  th e  g ra n u le s  to  th e  tube  c o n ta in in g  90 p e r  c e n t  

e th a n o l  and  th e n  a l i t t l e  o f  th e  c rude  b a s e , from  th e  b a rk  o f  V .sohw ein - 

f u r t h i i . d i s s o lv e d  i n  90 p e r  c e n t  e th a n o l ,  was added . Much o f  th e  

c o lo u r  came s t r a i g h t  th ro u g h  w ith  th e  a lc o h o l ,  and  t h i s  f r a c t i o n  was 

fo und  to  be s l i g h t l y  b a s i c .  I t  was th o u g h t t h a t  t h i s  m igh t have been  

due to  o v e r lo a d in g  o f  th e  colum n, b u t  su b seq u e n t ex p e rim e n t showed t h a t  

some b a se  a lw ays came w ith  th e  a lc o h o l .  I t  was c l e a r ,  how ever, t h a t  

m ost o f  th e  a lk a lo i d  was s t i l l  on th e  column and  e l u t i o n  w ith  s e v e ra l  

o rg a n ic  s o lv e n ts  and a lc o h o ls  removed o n ly  a l i t t l e  f u r t h e r  c o lo u r in g  

m a t te r ;  b u t  a  5 p e r  c e n t  s o lu t io n  o f  a c e t i c  a c id  y ie ld e d  a  b r ig h t  

y e llo w  e lu a te  g iv in g  a s t r o n g ly  p o s i t iv e  r e a c t io n  w ith  M ey er 's  r e a g e n t ,  

and f u r t h e r  e lu t i o n  w ith  5 p e r  c e n t  h y d ro c h lo r ic  a c id  gave a  s e p a ra te  

b a s ic  f r a c t i o n  which w as, how ever, r a t h e r  d a rk  i n  c o lo u r .  The r e s u l t s  

a p p e a re d  s u f f i c i e n t l y  p ro m is in g  to  w a rra n t f u r t h e r  e x a m in a tio n .

The a lg in a t e  colum ns were u n f o r tu n a te ly  v e ry  r e a d i ly  o v e rlo a d e d , 

and e v e n tu a l ly  th re e  w ere ru n  i n  s e r i e s ,  b u t  s t i l l  o n ly  a  f r a c t i o n  o f  

th e  t o t a l  e x t r a c t  c o u ld  be f r a c t i o n a t e d  i n  t h i s  m anner. The m ethod 

p ro v ed  e x tre m e ly  cumbersome, and th e  s e p a ra te d  f r a c t i o n s  on concen­

t r a t i o n  were so s t ro n g ly  c o lo u re d , f a i l i n g  to  y i e l d  any c r y s t a l l i n e  

m a te r i a l ,  t h a t  i t  was condemned a s  b e in g  to o  i n e f f i c i e n t .
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P a p e r  chrom atography

A lthough  up to  t h i s  p o in t  no d e f i n i t e  s e p a r a t io n  o f  a lk a lo id s  

h a d  b een  a c h ie v e d , i t  was o b v io u s  t h a t  th e  m a te r i a l  c o n ta in e d  a 

m ix tu re  o f  b a s e s  and th e r e f o r e  th e  a d v a n ta g e s  o f  h a v in g  an  e f f i c i e n t  

m ethod o f  exam in ing  th e  c o m p o s itio n  o f  th e  v a r io u s  f r a c t i o n s  th ro u g h ­

o u t  th e  s tu d y  w ere a p p a re n t .  P a p e r chrom atography  seemed to  be th e  

m ost c o n v e n ie n t m ethod a v a i la b le ,p r o v id e d  a  s u i t a b l e  s o lv e n t  system  

c o u ld  be d e v is e d .

The f i r s t  s o lv e n t  system  t r i e d  was one u se d  s u c c e s s f u l ly  i n  

many a l k a lo i d a l  s t u d i e s ,  nam ely a m ix tu re  o f  b u ta n o l ,  a c e t i c  a c id  and  

w a te r ,  b u t  i t  was fo u n d  t h a t  a l l  th e  m a te r i a l  (b o th  b a s e s  and c o lo u r in g  

m a tte r )  r a n  w ith  th e  s o lv e n t  f r o n t ,  A s e r i e s  o f  s m a l l - s c a le  t e s t s  

was th e n  s e t  u p , exam in ing  s e v e r a l  s o lv e n t  sy s te m s, ru n n in g  th e  

c rude  a l k a lo i d  b o th  a s  f r e e  b ase  and a s  s a l t  ( h y d r o c h lo r id e ) , and  

i n v e s t i g a t i n g  th e  e f f e c t  o f  pH v a r i a t i o n .  The r e s u l t s ,  l i s t e d  i n  

T ab le  4 , showed t h a t  i n  a lm o s t a l l  o a se s  th e  m a te r i a l  behaved  a s  i n  

th e  f i r s t  t r i a l  and  no s e p a r a t io n  was acco m p lish ed . However d e v e lo p ­

m ent o f  th e  b a se  w ith  e th e r ,  on p a p e r  b u f f e r e d  to  pH 4> showed u n d er 

u l t r a - v i o l e t  l i g h t  t h a t  s e p a r a t io n  o f  th e  com ponents had  been  a c h ie v e d . 

E xposure  o f  th e  p a p e r  to  io d in e  v apou r p ro d u ced  th r e e  d i s t i n c t  brown 

s p o ts .

R e p e t i t io n  o f  tlie  above system  showed, i t  to  be q u i te  s a t i s f a c t o r y ,
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T able  4  i  P a p e r oh rom atograph io  t r i a l  sy s te m s.

S ta te  o f  
s o lu t io n  
exam ined

S o lv e n t system
pH o f  

b u f f e r e d  
p a p e r

Re s u i t

b ase b u ta n o l / a c e t io  a o id /  
w a te r u n b u ffe re d

b ase benz e n e /w a te r do.

base e th e r /w a te r do. A l l  m a te r ia l  moved

b ase l i g h t  p e t ro le u n /w a te r do. w ith  th e  s o lv e n t

b ase oarbon  t e t r a c h l o r i d e /  
w a te r do. f r o n t

b ase c h lo ro fo r n /w a te r do.

b ase p y r id in e /w a te r do.

b a se 5 p e r  c e n t  s o lu t io n  
o f  ammonia do. No movement

b a se b u ta n o l /w a te r 9
Moved w ith  th e  
s o lv e n t  f r o n t

base b u ta n o l /w a te r 4
Moved j u s t  b e h in d  
th e  s o lv e n t  f r o n t

base e th e r /w a te r 9
Moved w ith  th e  s o l ­
v e n t  f r o n t  w ith  
some t r a i l i n g

b ase e th e r /w a te r 4 S e p a ra t io n

s a l t b u ta n o l /w a te r 9
Moved w ith  the  
s o lv e n t  f r o n t

s a l t b u ta n o l /w a te r 4
Moved w ith  th e  
s o lv e n t  f r o n t

s a l t e th e r /w a te r 9 L i t t l e  movement

I s a l t e th e r /w a te r 4 L i t t l e  movement
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b u t  a  w ide v a r i a t i o n  i n  R f v a lu e s ,  c a u se d  by  sm a ll ch an g es i n  con­

d i t i o n s ,  was n o te d .  P r a c t i c a l  d e t a i l s  o f  th e  system  w ere a s  f o l lo w s .  

Y/hatman No, 1 p a p e r  was b u f f e r e d  to  th e  r e q u i r e d  pH by so a ld n g  w ith  

M/5 p o ta s s iu m  h y d ro g en  p h th a la te  b u f f e r  s o lu t io n  ( b .P ,  i 958) and 

a llo w e d  to  a i r - d r y .  The s o lu t io n s  to  be exam ined w ere a p p l ie d  u s in g  

a  g l a s s  c a p i l l a r y ,  and  th e  p re p a re d  p a p e r  a llo w e d  to  s a tu r a t e  w ith  

w a te r  vapour p r i o r  to  developm ent w ith  s o lv e n t  e t h e r ,  p r e v io u s ly  

s a tu r a t e d  w ith  th e  b u f f e r  s o lu t io n .  E q u i l i b r a t io n  o f  th e  p a p e r  w ith  

w a te r  v apou r was fo u n d  to  be e s s e n t i a l  i n  o rd e r  to  a c h ie v e  any s e p a r ­

a t i o n .  The a sc e n d in g  te c h n iq u e  gave s l i g h t l y  b e t t e r  s e p a r a t io n  th a n  

th e  d e sce n d in g  m ethod, and c i r c u l a r  chrom atography  on d i s c s  ( 24 cm. 

d iam e te r)  p ro v ed  m ost e f f i c i e n t  f o r  th e  a c c u ra te  co m p ariso n s e s s e n t i a l  

i n  th e  f i n a l  e x a m in a tio n  o f  p u r i f i e d  b a s e s .  I n  th e  a sc e n d in g  system , 

a t  room te m p e ra tu re ,  a  s o lv e n t  f r o n t  movement o f  a b o u t 25 cm. was 

n e c e s s a ry  and t h i s  r e q u i r e d  s i x  to  seven  h o u rs , b u t  on d i s c s  a  s o l ­

v e n t  f r o n t  movement o f  a b o u t 10 cm, was s a t i s f a c t o r y  and t h i s  r e q u i r e d  

o n ly  one and  a h a l f  to  two h o u rs .  I t  was fo und  im p e ra t iv e  to  m a in ta in  

an a tm osphere  o f  e th e r  i n  th e  ta n k  d u rin g  ru n n in g  to  m in im ise  l o s s e s  

o f  th e  s o lv e n t  from  th e  p a p e r  by e v a p o ra t io n . E xposure  o f  th e  a i r -  

d r ie d ,  d ev e lo p ed  p a p e r  to  io d in e  vapou r i n  a  c lo s e d  cham ber, p ro v ed  

an  e f f e c t i v e  way o f  i n d i c a t i n g  th e  p o s i t io n  o f th e  a lk a lo i d s ,  w hich 

s t a in e d  brow n. However, one d isa d v a n ta g e  was t h a t  th e  io d in e  s t a i n ­

in g  q u ic k ly  fa d e d  on ex p o su re  to  th e  a tm o sp h ere , and  a  more s a t i s f a c t o r y
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m ethod was t h a t  o f  sp ra y in g  th e  p a p e rs  w ith  D ra g e n d o rf f*s r e a g e n t ,  

w hich s t a in e d  th e  a lk a lo id s  o range and the  backg round  yellow * T h is  

s t a in in g  was more p e r s i s t e n t ,  e s p e c i a l l y  a s  th e  y e llo w  background  

f a d e d  more q u ic k ly  th a n  the  a l k a lo i d a l  spo ts*

I t  was fo u n d  t h a t  s l i ^ t  changes i n  pH a f f e c t e d  th e  r e s u l t s  

and , a s  i s  d e t a i l e d  l a t e r ,  som etim es pH 4 .0  and  som etim es pH 4 .7  

was u se d . The lo w er pH was more s u i ta b le  f o r  e x a m in a tio n  o f  th e  

w eaker b a s e s  (w ith  h ig h  R f v a lu e s ) ,  b u t  the  s t r o n g e r  b a s e s  ( p a r t ­

i c u l a r l y  v c a o o rin e )  w ere n o t  s e p a ra te d  a s  d i s t i n c t l y  a s  th e y  were 

a t  pH 4 .7 .
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E x t r a c t io n  o f  th e  a lk a lo id s  o f  V .s o h w e in fu r th i i  by 

a lc o h o l ic  p e r c o l a t i o n

I t  a p p e a re d  t h a t  p e r c o l a t i o n  w ith  benzene rem oved im p u r i t i e s  w ith

p r o p e r t i e s  v e ry  s im i la r  to  th o s e  o f  th e  a lk a lo id s  and i n  su b seq u e n t

a tte m p ts  a t  p u r i f i c a t i o n ,  no s u i ta b le  m ethod was fo u n d  o f  s e p a r a t in g

th e s e  im p u r i t i e s  from  th e  d e s i r e d  b a s e s .  I t  was d e c id e d  to  e x t r a c t

th e  b a s e s  u n d e r n e u t r a l  c o n d i t io n s ,  fo llo w in g  th e  m ethod d e s c r ib e d  by 

88P e rc h e ro n  f o r  th e  i s o l a t i o n  o f  th e  a lk a lo id s  o f  V .a f r i c a n a .

Sample V S /1 .

E x t r a c t io n  o f  c ru d e  b a s e .

2 .4  k g . o f  pow dered (No. 6o) stem b a rk  was e x t r a c t e d ,  by  r e s ­

e rv e d  p e r c o l a t i o n ,  w ith  70 p e r  c e n t  e th a n o l .  45 1 .  o f  p e r c o la te  w ere 

c o l l e c t e d  b e fo re  e x h a u s t io n  (n e g a t iv e  to  M ey er 's  r e a g e n t)  was a c h ie v e d . 

The f i r s t  15 1* o f  p e r d o la te ,  c o n ta in in g  th e  b u lk  o f  th e  b a s e , 

were c o n c e n tr a te d  a t  re d u c e d  p r e s s u r e ,  a t  a  te m p e ra tu re  below  50^ , to  

ab o u t 1 1 ,  The c o n c e n tr a t io n  was d i f f i c u l t  due to  c o p io u s  f r o t h in g  

o f  th e  s o lu t io n ,  w hich w orsened  p r o g r e s s iv e ly  w ith  l a t e r  f r a c t i o n s .

The r e s u l t a n t  t h i c k ,  d a rk , aqueous su sp e n s io n  was shalcen w ith  e th y l  

a c e ta te  ( l . 2 5  1 . )  i n  w hich m ost o f  th e  s o l i d  d is s o lv e d .  The two 

f r a c t i o n s  w ere th e n  s e p a r a te d  and th e  aqueous f r a c t i o n  e x t r a c t e d  w ith  

f u r t h e r  q u a n t i t i e s  o f  e th y l  a c e ta te  (2  x  500 m l . , 1 x  200 m l . ) . A
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c o n s id e ra b le  amount o f  s o l i d  m a te r i a l  c o l l e c t e d  a t  th e  i n t e r f a c e  d u r in g  

th e s e  e x t r a c t i o n s  and  was f i l t e r e d  o f f ;  th e  d a rk  brow n, gummy r e s id u e  

b e in g  w e ll-w a sh e d  w ith  s o lv e n t  to  remove a s  much a d so rb e d  a l k a lo i d  a s  

p o s s ib l e .  The v a r io u s  e th y l  a c e ta te  f r a c t i o n s  w ere b u lk e d , w ashed w ith  

d i s t i l l e d  w a te r  ( 4 OO m l , ) ,  and on s e p a r a t in g  c o n s t i t u t e d  S o lu t io n  I .

The w a te r  u se d  f o r  w ash ing  was r e tu r n e d  to  th e  p a r t i a l l y  e x t r a c t e d  

aqueous f r a c t i o n .

To t h i s  aqueous f r a c t i o n  was added e th y l  a c e ta t e  (1 1 . )  b e fo re  

a d ju s t in g  to  pH % by th e  a d d i t io n  o f  s o l i d  sodium c a rb o n a te ,  p o r t io n -  

a t e l y  and w ith  sh a k in g . Much s o l i d  m a t te r  rem a in e d , and  t h i s  was 

f i l t e r e d  o f f  and g round  w ith  num erous sm a ll p o r t io n s  o f  sodium c a rb o n a te  

s o lu t io n  and e th y l  a c e t a t e ,  u n t i l  a s  much base  was i n  s o lu t io n  a s  

p o s s ib l e .  T h is  s o lu t io n  was added to  th e  main b u lk  o f  aqueous f r a c t i o n /  

e th y l  a c e ta te  i n  a  s e p a r a t in g  f u n n e l .  The aqueous p o r t io n  was rem oved 

and f u r t h e r  e x t r a c t e d  w ith  e th y l  a c e ta te  (1 1 . ,  800 m l . ,  4OO m l. ,

5 X 200 m l.)  u n t i l  f r e e  o f  b a s e .  The b u lk e d  e th y l  a c e ta te  s o lu t io n  

was d iv id e d  in to  tv;o p o r t io n s ,  to  f a c i l i t a t e  h a n d lin g ,  and each  h a l f  

was w ashed w ith  d i s t i l l e d  w a te r  ( 4OO m l , ) .  These two e th y l  a c e ta te  

s o lu t io n s  to g e th e r  c o n s t i t u t e d  S o lu t io n  I I .

Thus th e  t o t a l  e x t r a c t  h ad  been  d iv id e d  a c c o rd in g  to  s o l u b i l i t y  

i n  e th y l  a c e ta te  a t  two pH v a lu e s ,  and a f u r t h e r  s u b d iv is io n  o f  each  

s e c t io n  was th e n  o b ta in e d  by  e x t r a c t i o n  w ith  an o rg a n ic  a c id ,  fo llo w e d  

by a m in e ra l  a c id ,  y i e ld in g  s tro n g  and weak b ase  f r a c t i o n s  r e s p e c t iv e ly .
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S o lu t io n  I  was e x t r a c t e d  w ith  3 p e r  c e n t  a c e t i c  a c id  (4  % 500 m l. ,  

1 X 200 m l.)  u n t i l  no more b a se  was rem oved, each  f r a c t i o n  b e in g  washed 

w ith  th e  same e th y l  a c e ta te  (500 m l . ) . The a c id  f r a c t i o n s  w ere th e n  

b u lk e d  and an  a l i q u o t  (20  m l.)  p o r t io n  t i t r a t e d  w ith  20 p e r  c e n t  

ammonia s o lu t io n  u n t i l  j u s t  a l k a l i n e .  T h is  a llo w e d  a  f a i r l y  a c c u ra te  

e s t im a te  to  be made o f  th e  q u a n t i ty  o f  ammonia s o lu t io n  r e q u i r e d  to  

b a s i f y  th e  b u lk e d  f r a c t i o n s .  I n  th e  p re se n c e  o f  e th y l  a c e ta te  (1 1 . ) ,  

th e  ammonia s o lu t io n  was added  to  th e  a c id  s o lu t io n  i n  p o r t io n s  (4  x  

25 m l.)  u n t i l  a l k a l i n e ,  shaJcing w e l l  on each  a d d i t io n ;  a  f u r t h e r  25 m l. 

b e in g  added  to  e n su re  th e  pH was w e l l  on th e  a lk a l i n e  s id e .  A f te r  

sh a k in g , th e  aqueous p o r t io n  was s e p a ra te d  and f u r t h e r  e x t r a c te d  w ith  

e th y l  a c e ta te  (2  x 500 m l. ,  1 x  200 m l . ) * As b e f o r e ,  th e  com bined 

e x t r a c t s  w ere w ashed w ith  d i s t i l l e d  w a te r  (4 OO m l , ) .

The w ashed e th y l  a c e ta te  s o lu t io n  was d r ie d  o v e r  anhydrous 

sodium s u lp h a te  f o r  18 h o u rs ,  s t r a in e d  th ro u g h  c o t to n  wool and th e n  

ta k e n  to  sm a ll volume u n d e r red u c ed  p r e s s u r e .  The c o n c e n tr a te  was 

t r a n s f e r r e d  to  a  w eighed  f l a s k  and e v a p o ra te d  to  d ry n e s s  u n d er re d u c e d  

p r e s s u r e .  T h is  y ie ld e d  a r e s id u e  o f  crude s tro n g  b a se  (R esidue  lA ,

5 .6 6  g * ) ,

S o lu t io n  I ,  a f t e r  a c e t i c  a c id  e x t r a c t i o n ,  was f u r t h e r  e x t r a c te d  

w ith  5 p e r  c e n t  h y d ro c h lo r ic  a c id  (2  x 500 m l. ,  6 x  200 m l.)  u n t i l  

f r e e  from  b a s e . Each a c id  f r a c t i o n  was w ashed w ith  th e  same p o r t io n  

o f  e th y l  a c e ta te  (5OO m l . ) , th e  b u lk e d  f r a c t i o n s  b a s i f i e d  w ith
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20 p e r  o e n t ammonia s o lu t io n  ( a f t e r  e s t im a t in g  an  a l i q u o t  p o r t io n  a s  

b e fo re )  i n  th e  p re se n c e  o f  e th y l  a c e ta te  (i 1 , ) ,  and th e  e x t r a c t io n  

o f  th e  aqueous f r a c t i o n  w ith  e th y l  a c e ta te  c o n tin u e d  (2  x 500 m l, ,

1 X 200 m l,)  u n t i l  th e  aqueous f r a c t i o n  was n e g a t iv e  to  M ey er 's  

r e a g e n t .

The e th y l  a c e ta te  s o lu t io n  was w ashed w ith  d i s t i l l e d  w a te r  

(400 m l , ) ,  s e p a r a te d ,  and d r i e d  o v e r  anhydrous sodium  s u lp h a te .  A f te r  

f i l t r a t i o n  th e  s o lu t io n  was e v a p o ra te d  to  d ry n ess  i n  a  t a r e d  f l a s k  

g iv in g  a r e s id u e  o f  c rude  weak b ase  (R esidue  IB , 0 .7 5  g ,)*

Each h a l f  o f  S o lu t io n  I I  was s u b je c te d  to  th e  e x t r a c t i o n  p ro ­

ced u re  d e s c r ib e d  f o r  S o lu t io n  I ,  u s in g  d i f f e r e n t  volum es o f  s o lv e n t .  

A c e tic  a c id  s o lu t io n  (500 m l . , 7 x  200 m l.)  fo l lo w e d , a f t e r  b a s i f y in g ,  

by e th y l  a c e ta te  (500 m l . , 5 x  200 m l.)  gave a r e s id u e  o f  c rude  s tro n g  

b ase  (T o ta l  R e s id u e  IIA , 1 2 .2 2  g . ) .  H y d ro c h lo r ic  a c id  (500 m l . ,

8 X 250 m l.)  gave a  sm a ll r e s id u e  o f  c rude  weak b ase  (T o ta l  R esid u e  

I IB , 1.51 s . ) .

The re m a in in g  30 1 . o f  i n i t i a l  p e r c o la te  w ere c o n c e n tr a te d  to

2 ,5  1 , and t r e a t e d  a s  above, g iv in g  the  fo l lo w in g  y i e l d s  o f  c rude  

b a s e :  lA , 1 .4 6  g . ; IB , 0 .7 2  g , ; I IA , O.7 0  g . ; I IB , 0 .0 2  g . The 

volum es o f  s o lv e n t  em ployed a re  g iv e n  i n  F ig .  1 0 .

P u r i f i c a t i o n  o f  s tro n g  b a s e s .

R esid u e  lA was a lm o s t c o m p le te ly  s o lu b le  i n  25 m l. o f  h o t  benzene,
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1• N e u tra l  E x tr a c t io n  -  S o lu t io n  I .

E th y l A c e ta te  

(4  X 500 m l , ,  250 m l.)

5 p e r  c e n t  A c e tic  A c id  

(500 m l. ,  4. X 250 m l.)

5 p e r  c e n t  H y d ro c h lo r ic  A c id  

(500 m l . ,  4. X 250 m l.)

E th y l  A c e ta te  E th y l  A c e ta te

(250 m l . ,  200 m l. ,  15O m l. ,  100 m l.)  ( 25O m l. ,  200 m l. ,  2 x  100 m l.)

R esid u e  lA , 1 .4-6 g . R esidue  IB , 0 ,7 2  g .

2 . E x tr a c t io n  a t  pH 9 -  S o lu t io n  I I ,

E th y l  A c e ta te  

(2  X 250 m l . , 16 X 200 m l.)

5 p e r  c e n t  A c e tic  A c id  

(4  X 200 m l. ,  2 X 100 m l.)

E th y l  A c e ta te  

(4  X 200 m l . ,  6 X 100 m l.)

R esid u e  I IA , 0 .7 0  g.

5 p e r  c e n t  H y d ro c h lo r ic  A c id  

(2  X 200 m l.)

E th y l A c e ta te  

(3  X 100 m l.)

R esidue  I IB , 0 .0 2  g .

F ig ,  10 : P u r i f i c a t i o n  o f  f i n a l  ru n n in g s  o f  p e r c o l a t e .
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A sm a ll amount o f  i n s o l u b le ,  n o n -b as io  m a te r ia l  was rem oved by p a s s in g  

th e  c o o le d  s o lu t io n  th ro u g h  a No, 3 s in te r e d  g la s s  f i l t e r .  The benzene 

s o lu t io n  was th e n  e v a p o ra te d  to  d ry n e ss  u n d er re d u c e d  p r e s s u r e  and th e  

r e s id u e  r e d i s s o lv e d  i n  15 m l. o f  benzene to  o b ta in  a s  c o n c e n tr a te d  a 

s o lu t io n  a s  p o s s ib l e .  T h is  was th e n  ch rom atographed  on a  colum n o f  

a lu m in a .

The colum n was p re p a re d  by add ing  1 00 g . o f  d ry  a lum ina  (Merck) 

to  a  s u i t a b l e  tu b e  c o n ta in in g  b en ze n e , to  p roduce  a  column o f  dimen­

s io n s  14 X 3*25 cm. The a l k a lo i d a l  s o lu t io n  was added  to  th e  column 

and e lu t i o n  commenced w ith  ben zen e , Vi/hen th e  band o f  c o lo u r  had  

t r a v e l l e d  a b o u t h a l f  v/ay down the  a lum ina , th e  c o l l e c t i o n  o f  f r a c t i o n s  

was s t a r t e d .  F r a c t io n s  o f  100 m l, were c o l l e c t e d ,  each  f r a c t i o n  b e in g  

e v a p o ra te d  to  d ry n ess  un d er red u c ed  p re s s u re  i n  a  t a r e d  f l a s k  and th e  

r e s id u e  w eighed . T h is  r e s id u e  was th e n  w ashed in to  a tube  w ith  h o t  

m ethano l and  r e s e r v e d  i n  a  r e f r i g e r a t o r  i n  an a t te m p t to  in d u ce  

c r y s t a l l i s a t i o n .

I t  was soon c l e a r  t h a t  benzene was o n ly  rem oving t r a c e s  o f  

m a te r ia l  from  th e  colum n, so th e  e lu t in g  s o lv e n t  was changed  to  e th e r .  

Im m ed ia te ly  a c o n s id e ra b le  w e ig h t o f  m a te r ia l  was e lu t e d  (T ab le  5 ) ,  

E lu t io n  was c o n tin u e d  w ith  e th e r  f o r  some tim e u n t i l  i t  was rem oving 

v e ry  l i t t l e  from  th e  colum n, when e lu t i o n  w ith  e th e r  c o n ta in in g  1 p e r  

c e n t  m ethano l was begun . A gain  th e re  was a sudden in c r e a s e  i n  

m a te r ia l  b e in g  removed from  th e  column. D evelopm ent o f  th e  column
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T ab le  5 : R e s u l t s  o f  th e  chrom atography  o f  R esid u e  I  A,

o

benzene
f ( i )

1 29e th e r

f (v ) 246

f (v i )

f ( v i i )e th e r  w ith  
1 p e r  o e n t 

m ethano l
f ( v i i i )20

e th e r  w ith  
3 p e r  o e n t 

m ethano l

e th e r  v fith  
5 p e r  o e n t 

m ethano l
f  ( ix )

e th e r  w ith  
10 p e r  o e n t 

m ethano l
m ethano l
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was c o n tin u e d  i n  t h i s  m anner, i n c r e a s in g  th e  p r o p o r t io n  o f  m ethano l 

(5> 5 , 10 p e r  c e n t)  i n  th e  e th e r ,  and  f i n a l l y  p u re  m ethano l was u se d . 

The colum n was e x tru d e d  and checked  to  e n su re  t h a t  a l l  th e  b ase  h ad  

been  rem oved. W ith  th e  a d d i t io n  o f  m ethano l to  th e  e lu a n t ,  in c r e a s in g  

am ounts o f  c o lo u r in g  m a t te r  were e lu te d  b u t  m ost o f  th e  c o lo u r  rem ain ed  

u n t i l  th e  f i n a l  e l u t i o n  w ith  pu re  m e th an o l.

As in d ic a t e d  i n  T ab le  5 , c r y s t a l s  were o n ly  p ro d u ced  i n  th e  

f r a c t i o n s  e lu t e d  by e th e r  and e th e r  c o n ta in in g  1 p e r  c e n t  o f  m e th an o l. 

The m other l i q u o r s  i n  th e  tu b e s  c o n ta in in g  c r y s t a l s  w ere t r a n s f e r r e d  by 

p i p e t t e  to  o th e r  tu b e s ,  c o n c e n tr a te d  s l i g h t l y  and  r e tu r n e d  to  th e  

r e f r i g e r a t o r .  The tu b e s  c o n ta in in g  th e  c r y s t a l s  w ere h e a te d  moment­

a r i l y  i n  a  b o i l in g - w a te r  b a th ,  u n d e r red u ced  p r e s s u r e ,  to  remove the  

r e s i d u a l  s o lv e n t  and  th e n , f o r  e ac h  b a tc h  o f  c r y s t a l s ,  m e l t in g - p o in ts  

were d e te rm in e d  on a h o t  b a r ,  and  th e  c o lo u r  p ro d u ced  w ith  n i t r i c  a c id  

n o te d . Thus th e  c r y s t a l l i n e  y i e l d  was shown to  c o n s i s t  o f  a t  l e a s t  

two su b s ta n c e s ;  one, m e ltin g  a ro u n d  230^, and  g iv in g  no c o lo u r  r e a c t io n  

w ith  n i t r i c  a c id ,  and  a n o th e r ,  m e lt in g  above 2 8 0 ° , and g iv in g  a  deep 

b lu e  c o lo u r a t io n  w ith  th e  a c id .  I t  was th u s  c l e a r  t h a t  th e  e th e r  h ad  

c o m p le te ly  e lu t e d  th e  f i r s t  s u b s ta n c e , and t h a t  th e  second  su b s ta n c e  

was e lu te d  p a r t l y  i n  th e  l a s t  e th e r  f r a c t i o n s ,  b u t  m o stly  i n  e th e r  

c o n ta in in g  1 p e r  c e n t  o f  m e th an o l.

The f i r s t  s u b s ta n c e , b e in g  o n ly  s p a r in g ly  s o lu b le  i n  m e th an o l, 

was r e c r y s t a l l i s e d  s e v e r a l  t im e s  from  t h i s  s o lv e n t ,  and d r ie d  i n  v a cu o .
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y ie ld in g  w h ite  a o io u la r  c r y s t a l s ,  l a t e r  shown to  he voaoaraine.

The second  su b s ta n c e  p ro v ed  in s o lu b le  i n  m e th an o l, and was 

d is s o lv e d  i n  m ethy lene  c h lo r id e ,  i n  w hich i t  was r e a d i ly  s o lu b le .  The 

su b seq u en t a d d i t io n  o f  m ethano l fo llo w e d  by w arm ing, p ro d u ced  w h ite  

c r y s t a l s  w hich w ere f u r t h e r  p u r i f i e d  by r e p e a t in g  th e  above p ro c e s s .

The c r y s t a l s  w ere d r ie d  i n  vacuo and  l a t e r  shown to  be v o b tu s in e .

The m other l i q u o r  from  w hich v o b tu s in e  had  s e p a ra te d  was con­

c e n t r a t e d  (b y  b low ing  a  c u r r e n t  o f  n i t r o g e n  th ro u g h  th e  tube  to  m in i­

m ise o x id a t iv e  d e g ra d a tio n )  and on s ta n d in g , l a r g e  r o s e t t e s  o f  w h ite  

f e a th e r y  c r y s t a l s  fo rm ed . These were s e p a ra te d ,  r e o r y s t a l l i s e d  s e v e ra l  

tim e s  from  m ethano l and f i n a l l y  from  a c e to n e , d r ie d  i n  v a cu o , and  l a t e r  

shown to  be v o a o o rin e .

R esidue  IIA  was th e n  t r e a t e d  i n  a  s im i la r  m anner to  lA . The 

r e s id u e  v/as l a r g e ly  d is s o lv e d  i n  75 m l. o f  b e n ze n e , th e  s o lu t io n  c o o le d , 

f i l t e r e d  th ro u g h  s i n t e r e d  g l a s s ,  e v a p o ra te d  to  d ry n e s s , and ta k e n  up i n  

50 m l. o f  b e n ze n e . T h is  s o lu t io n  was ch rom atographed  on a lum ina  

(360 g . ; 25 X A#23 c m ,) . E lu t io n  commenced w ith  b e n ze n e , th e n  e th e r ,  

th e n  e th e r  c o n ta in in g  1 p e r  c e n t  m eth an o l, a s  b e f o r e ,  b u t  su b se q u e n tly  

o n ly  w ith  e th e r  c o n ta in in g  3 p e r  c e n t  m ethano l b e fo re  f i n i s h i n g  w ith  

pu re  m e th an o l. The r e s u l t s  fo llo w e d  th e  same p a t t e r n  a s  w ith  lA , and 

a re  d e t a i l e d  i n  T ab le  6 .

The c r y s t a l s  were h a rv e s te d ,  d r ie d  and exam ined. A gain  i t  was 

found  t h a t  e th e r  h ad  e lu t e d  voacam ine, and e th e r  c o n ta in in g  1 p e r  c e n t
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T ab le  6 : R e s u l t s  o f  th e  ohrom atography  o f  R esid u e  IIA ,

o

benzene
f ( i )

f ( i l )  
f ( i i i )  
f  ( iv )

227
257

278e th e r
23F

150
f  (v i)

f ( v i i )
264
905e th e r  w ith  

1 p e r  o e n t 
m ethano l

f ( v i i i )

20
( ix )

22

138
859
103

e th e r  w ith  
5 p e r  o e n t 

m ethano l

f ( x ) 289-298

f ( x i )141
m ethano l
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m ethano l had  rem oved v o b tu s in e  an d  v o a c o r in e , th e  l a t t e r  c r y s t a l l i s i n g  

from  th e  m e th an o lio  m other l iq u o r  a f t e r  rem oval o f  th e  in s o lu b le  vob­

tu s in e .

P u r i f i c a t i o n  o f  weak b a s e s .

The two c ru d e  weak base  f r a c t i o n s  (IB  and IIB ) a lth o u g h  v e ry  

sm a ll , e s p e c i a l l y  the  fo rm e r, were t r e a t e d  by th e  same p u r i f i c a t i o n  

p ro c e s s  a s  th e  s tro n g  bases*

R esid u e  IB was d ig e s te d  w ith  h o t  benzene and  i t  was fo und  t h a t  

a  much s m a lle r  p r o p o r t io n  w ent i n to  s o lu t io n  th a n  w ith  th e  s tro n g  b ase  

f r a c t i o n s .  A f te r  f i l t e r i n g  th ro u g h  s in t e r e d  g l a s s ,  th e  in s o lu b le  

m a te r ia l  was shown to  be n o n -b a s io . The f i l t r a t e  was e v a p o ra te d  to  

d ry n e s s , ta k e n  up i n  7 m l. o f  benzene and ch rom atog raphed  on 15 g . o f  

a lu m in a , 30 m l. f r a c t i o n s  b e in g  c o l l e c t e d .  E lu t io n  was c a r r i e d  o u t  i n  

e x a c t ly  th e  same m anner a s  v rith  lA . The r e s u l t s ,  a s  d e t a i l e d  i n  

T àb le  7> showed t h a t  c r y s t a l l i n e  m a te r ia l  was o b ta in e d  o n ly  i n  th e  

i n i t i a l  benzene f r a c t i o n  and  on s e p a ra t io n  from  th e  m other l i q u o r ,  w hich 

was o n ly  v e ry  f a i n t l y  p o s i t iv e  to  Meyer* s r e a g e n t ,  th e  c r y s t a l s  were 

found  to  be n o n - a lk a lo id a l .  I t  was a w h ite  w a x - lik e  su b s ta n c e , m e ltin g  

a t  42° .

The r e a c t i o n  o f  th e  b u lk e d  f r a c t i o n s  to  Meyer* s r e a g e n t  showed 

t h a t  b a se  was p r e s e n t  i n  a l l  f r a c t i o n s  up to ,  and  in c lu d in g ,  t h a t  

e lu t e d  by e th e r  c o n ta in in g  3 p e r  c e n t  m ethano l. V feights o f  re s id u e
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T able  7 • R e s u l ts  o f  th e  chrom atography  o f  R esidue  IB,
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T ablo  8 i R e s u l ts  o f  th e  ohrom atography  o f  R esid u e  IIB ,
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o b ta in e d  from  th e  v a r io u s  f r a c t i o n s ,  and v i s u a l  e s t im a t io n s  o f  th e  

s t r e n g th  o f  r e a c t io n  w ith  Meyer* s r e a g e n t ,  showed c l e a r l y  t h a t  th e r e  

were two m ain c o n c e n tr a t io n s  o f  a lk a lo id ,  th e  f i r s t  i n  th e  f i r s t  

f r a c t i o n  e lu t e d  by e th e r ,  and  th e  second  i n  th e  f r a c t i o n s  e l a t e d  by 

e th e r  c o n ta in in g  1 p e r  c e n t  m eth an o l. Thus i t  a p p e a re d  t h a t  t h i s  

weak b ase  f r a c t i o n  was fo l lo w in g  th e  same p a t t e r n  a s  th e  two s tro n g  

base  f r a c t i o n s .

The somewhat l a r g e r  R esidue  IIB  was t r e a t e d  s i m i l a r ly ,  and  

d ig e s t io n  v /ith  h o t  benzene a g a in  showed a la rg e  p r o p o r t io n  o f  i n ­

s o lu b le ,  n o n -b a s io  m a te r i a l .  A f te r  c o n c e n tr a t io n  o f  th e  f i l t e r e d  

benzene s o lu t io n ,  th e  r e s u l t a n t  d r i e d  b a s ic  r e s id u e  was d is s o lv e d  

i n  1 0 m l. o f  benzene and ch rom atog raphed  on 35 g- o f  a lu m in a , 50 m l. 

f r a c t i o n s  b e in g  c o l l e c t e d .  A gain  th e  i n i t i a l  benzene f r a c t i o n s  

y ie ld e d  a  w h i te ,  n o n -b a s io  m a te r ia l  (M.P, 43^)* A sm a ll amount o f 

c r y s t a l l i n e  m a te r ia l  was o b ta in e d  i n  th e  f i n a l  benzene e l u a t e s ,  more 

i n  th e  e th e r  e l u a t e s ,  and some a ls o  i n  th e  e th e r  c o n ta in in g  1 p e r  c e n t  

m ethano l. From th e  h ig h  m e l t in g - p o in ts  and th e  b lu e  c o lo u r a t io n  w ith  

n i t r i c  a c id ,  a l l  th e s e  m a te r i a l s  ap p ea re d  to  be composed l a r g e ly  o f  

v o b tu s in e . So a g a in  a  s i m i l a r i t y  w ith  th e  s tro n g  b ase  p a t t e r n  em erged, 

as  shown i n  T ab le  8 ,

P ap e r chrom atography  o f  th e  weak b a s e s .

The a lk a lo i d a l  f r a c t i o n s  from  th e  ch rom atography  o f  th e  weak
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b ase  r e s id u e s  w ere exam ined i n  g r e a t e r  d e ta i l*  F r a c t io n s  g iv in g  a 

p o s i t iv e  Meyer* s r e a c t i o n  were b u lk e d  and d e s ig n a te d  a s  shown i n  

T a b le s  7 and 8 , and  th e  fo llo w in g  s e r i e s  o f  p e p o r chrom atogram s ru n , 

u s in g  th e  c i r c u l a r  m ethod p r e v io u s ly  d e s c r ib e d  (p ag e  7 8 , pH 4 .0 )*

D ir e c t  co m p ariso n s w ere made w ith  pu re  sam ples o f  v a r io u s  known 

V oacanga a lk a lo id s  a s  r e f e r e n c e  compbunds*

B ulked f r a c t i o n  I I B / f ( i )  was com pared w ith  p u re  sam ples o f  

voaoam ine, v o b tu s in e  and voaoang ine  and i t  gave a  s in g le  l i n e  c o in ­

c id in g  w ith  voaoangine*

I B / f ( i )  and I B / f ( i i )  were com pared w ith  voaoang ine  and  v o b tu s in e . 

I B / f ( i )  gave a  s in g le  l i n e  c o in c id in g  w ith  v o a o an g in e , and  I B / f ( i i )  

gave a  heavy  c o n c e n tr a t io n  o f  s t a in in g  a t  th e  s o lv e n t  f r o n t ,  a  l i n e  

c o in c id in g  v fith  v o ao an g in e , and  a n o th e r  betw een th e  r e f e r e n c e  voa­

oang ine  and  v o b tu s in e .

I B / f ( i i )  was a g a in  ru n , t h i s  tim e accom panied  by p u re  v o acan - 

g in e , voaoam ine, v o b tu s in e  and some o f  th e  v o a co rin e  i s o l a t e d  from  

th e  s tro n g  b ase  r e s id u e  (R esidue  I I A ) , A gain  I B / f ( i i )  gave th e  

in te n s e  s t a i n  a t  th e  s o lv e n t  f r o n t ,  a  l i n e  c o in c id in g  w ith  v o ao an g in e , 

th e  t h i r d  l i n e  w hich c o rre sp o n d e d  to  voaoam ine, and  a ls o  a f u r t h e r  

f a i n t  l i n e  c o in c id in g  w ith  v o b tu s in e . The v o a c o rin e  behaved  i n  an 

u n u su a l m anner p ro d u c in g  a  wedge o f  s t a in in g ;  apex  a t  th e  s p o t ,  and 

base  c a r r i e d  a  s h o r t  d is ta n c e  fo rw a rd  (Fig* 1 1 , pH 4 .0 ) .

The i s o l a t e d  v o a c o rin e  was com pared w ith  an a u th e n t ic  sam ple,
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and th e  two su b s ta n c e s  b eh av ed  i n  an  i d e n t i c a l  m anner, p ro d u c in g  th e  

wedge o f  s t a in i n g  d e s c r ib e d  above *

The th r e e  b u lk e d  f r a c t i o n s  I B / f ( i i ) , I B / f ( i i i )  and  I B / f ( i v )  

w ere com pared d i r e c t l y  w ith  th e  c o rre sp o n d in g  b u lk e d  f r a c t i o n s  from  

I I B .  An i n s u f f i c i e n t  q u a n t i ty  o f  I B / f  ( i i )  was u se d  and  no v o b tu s in e  

o r  voaoang ine  was fo u n d , o n ly  voaoam ine and th e  f r o n t a l  s t a i n .  These 

were a ls o  p r e s e n t  i n  I I B / f  ( i i ) , and a ls o  v o b tu s in e  and  a f u r t h e r  v e ry  

f a i n t  l i n e  to  th e  i n s id e  o f  th e  v o b tu s in e  s t a i n .  I n  b o th  I B / f  ( i i i )  

and  I I B / f ( i i i )  was a  s in g le  l i n e  c o rre sp o n d in g  to  v o b tu s in e .  I B / f  ( iv )  

gave no d i s t i n c t  s t a in i n g ,  b u t  I I B / f  ( iv )  showed two l i n e s ,  c o rre sp o n d ­

in g  to  voaoam ine an d  v o b tu s in e .

H e a v ie r  c o n c e n tr a t io n s  o f  I B / f ( iv )  and I I B / f ( i v )  w ere com pared 

w ith  voaoam ine and v o b tu s in e .  The tv/o b u lk e d  f r a c t i o n s  gave i d e n t i c a l  

r e s u l t s ,  showing th e  p re se n c e  o f  b o th  voaoam ine an d  v o b tu s in e ,  and  

a ls o  g iv in g  th e  c o n c e n tr a t io n  o f  s t a in in g  a t  th e  f r o n t ,  and , f u r t h e r ,  

a  f a i n t  l i n e  to  th e  i n s id e  o f  th e  v o b tu s in e  p o s i t i o n ,  c o rre sp o n d in g  

to  t h a t  p r e v io u s ly  shown by  I I B / f  ( i i ) .

Two s p o ts  each  o f  v o a c o r in e  ( i s o l a t e d ) , I B / f ( i i ) , and  voa­

o an g ine  w ere ru n . The p a p e r  was h a lv e d  and one h a l f  o n ly  was sp ra y e d  

to  lo c a te  th e  p o s i t io n s  o f  th e  b a s e s .  A re as  c o rre sp o n d in g  to  th e s e  

on th e  o th e r  h a l f  o f  th e  chrom atogram  w ere o u t  o u t ,  e lu t e d  w ith  

c h lo ro fo rm , and  t e s t e d  iivith M eyer’ s r e a g e n t .  T h is  c o n firm e d  t h a t  

th e  f r o n t a l  s t a in in g  w ith  I B / f  ( i i )  was due to  an a lk a lo i d ,  and t h a t
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T ab le  9 •  Summary o f th e  r e s u l t s  o f  th e  p a p e r  

ohro  ma to  g ra p h ic  a n a ly s i s  o f  R e s id u e s  IB and  I IB , 

a lk a lo id s  b e in g  l i s t e d  i n  d e scen d in g  o rd e r  o f  Rf 

v a lu e  s .

F r a c t io n R esidue  IB R esidue  IIB

f ( i ) voaoangine voaoang ine

f ( i i )

m
voaoangine
voaoam ine
v o b tu s in e

U1

Voaoamine
V ob tusine

U2

f ( i i i )
v o b tu s in e v o b tu s in e

U1 Ui

f ( i v ) voaoam ine
v o b tu s in e

U2

voaoam ine
v o b tu s in e

Ü2
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voaoangine was a ls o  p r e s e n t  i n  t h i s  b u lk ed  f r a c t i o n .  From th e  Rf 

v a lu e s  o f  two o th e r  b a se s  p r e s e n t  i t  was c o n c lu d ed  t h a t  t r a c e s  o f  

voaoam ine and  v o b tu s in e  a ls o  o c c u rre d .

From th e s e  r e s u l t s ,  sum m arised i n  T ab le  9^ i t  was c l e a r  t h a t  

some r e s id u a l  voaoam ine and  v o b tu s in e  had  p e r s i s t e d  i n  th e  weak b ase  

f r a c t i o n ,  though no t r a c e  o f  v o a c o rin e  was fo u n d . I n  a d d i t io n ,  th e  

p re se n c e  o f  a t  l e a s t  two o th e r  b a s e s  was i n d ic a t e d ,  one fo l lo w in g  

th e  s o lv e n t  f r o n t ,  and w hich w i l l  be r e f e r r e d  to  su b s e q u e n tly  a s  U1, 

and th e  o th e r  b e h av in g  a s  d id  a  genu ine  sample o f  v o ao an g in e . From 

t h e i r  p o s i t io n s  on th e  chrom atogram s i t  was re a s o n a b le  to  r e f e r  to  

th e s e  tv/o b a se s  a s  th e  weak b a s e s .  The p re se n c e  o f  a n o th e r  s tro n g  

b a s e ,  d e s ig n a te d  U2, w ith  an R f v a lu e  betw een t h a t  o f  v o a co rin e  and 

v o b tu s in e , was su g g e s te d  by th e  f a i n t  s t a in in g  w ith  b o th  I B / f  ( iv )  and 

I I B / f  ( i v ) .

The p a t t e r n  shown by b o th  weak and s tro n g  b a s e s  seemed to  i n d i ­

c a te  t h a t  no ad v an tag e  was a c h ie v e d  by th e  i n i t i a l  e x t r a c t i o n  o f  the  

c o n c e n tr a te d  p e r c o la te  w ith  e th y l  a c e ta te  p r i o r  to  a d ju s tm e n t to  

pH 9# I t  m ig h t, t h e r e f o r e ,  be j u s t i f i a b l e  to  om it t h i s  s te p  and 

b a s i f y  th e  p e r c o la t e  im m e d ia te ly  a f t e r  c o n c e n tr a t io n ,  b e fo re  e th y l  

a c e ta te  e x t r a c t io n .  F o r th e  pu rpose  o f  i n v e s t i g a t i n g  t h i s  m o d if ic a t io n  

o f  th e  e x t r a c t i o n  p r o c e s s ,  and a t  th e  same tim e to  exam ine a  second  

sam ple o f  th e  b a rk  f o r  c o n fo rm ity  to  th e  p a t t e r n  o f  a l k a lo i d a l  c o n te n t  

s e t  by th e  f i r s t  sam ple , a  second  e x t r a c t io n  was c a r r i e d  o u t .
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Sample V S/2.

E x tr a c t io n  o f  c ru d e  b a s e .

I n  t h i s  c a se  o n ly  1 .2  k g , o f  pow dered b a rk  w ere e x t r a c te d  w ith  

70 p e r  c e n t  e th a n o l ,  and th e  t o t a l  p e r c o la te  c o l l e c t e d  was 23 I » ,  w hich 

was th e n  c o n c e n tr a te d  u n d e r re d u c e d  p r e s s u re  to  1 .5  1 .  T h is  concen­

t r a t e  was th e n  t r a n s f e r r e d  to  a 5 1 .  s e p a r a t in g  fu n n e l  c o n ta in in g  

1 1 ,  o f  e th y l  a c e t a t e ,  and s o l i d  sodium c a rb o n a te  was added , w ith  

sh a k in g , to  A d ju s t  to  pH 9 , The b a s i f i e d  aqueous f r a c t i o n  was f u r t h e r  

e x t r a c te d  w ith  e th y l  a c e ta te  (500 m l. ,  1 3 % 200 m l.)  u n t i l  f r e e  from  

a lk a lo id ,  th e  b u lk e d  e th y l  a c e ta te  b e in g  re d u c e d  to  a b o u t 2 1 . ,  

washed w ith  d i s t i l l e d  w a te r  ( 4 OO m l . ) ,  and th e n  e x t r a c t e d  w ith  5 p e r  

c e n t  a c e t i c  a c id  ( 4 OO m l . , 20 x  200 m l , ) .  These a c id  f r a c t i o n s ,  

to g e th e r  c o n s t i t u t i n g  S o lu t io n  A, were a l l  w ashed w ith  the  same 

500 m l. o f  e th y l  a c e t a t e ,  and  th e  w ash ings r e tu r n e d  to  th e  m ain 

e th y l  a c e ta t e  f r a c t i o n  w hich was th e n  e x t r a c t e d  w ith  5 p e r  c e n t  

h y d ro c h lo r ic  a c id  ( 4 OO m l . ,  9 % 200 m l . ) , Each f r a c t i o n  o f  t h i s  

l a t t e r  a c id ic  e x t r a c t i o n  was a ls o  washed w ith  th e  same 500 m l. o f 

e th y l  a c e t a t e ,  and  a f t e r  b u lk in g  c o n s t i t u t e d  S o lu t io n  B.

S o lu t io n  A was th e n  b a s i f i e d  w ith  20 p e r  c e n t  ammonia s o lu t io n  

i n  th e  p re s e n c e  o f  e th y l  a c e ta te  (l 1 . ) ,  and  f u r t h e r  e x t r a c t e d  w ith  

e th y l  a c e ta te  (2  x  500 m l . ,  8 x  200 m l . ) ,  each  f r a c t i o n  b e in g  w ashed 

w ith  th e  same AOO m l. o f  d i s t i l l e d  w a te r . These com bined e x t r a c t s  

were c o n c e n tr a te d  u n d er re d u c e d  p re s s u re  to  a b o u t 2 1 . ,  d r ie d  o v er



“ 99 "

anhydrous sodium  s u lp h a te ,  f i l t e r e d  and e v a p o ra te d  to  d ry n e ss  a s  d e s­

c r ib e d  p r e v io u s ly .  S o lu t io n  B was t r e a t e d  s i m i l a r l y ,  th e  a lk a lo id s  

b e in g  rem oved by e th y l  a c e ta te  (1 1 . ,  2 x  500 m l . , 1 x  200 m l.)  a f t e r  

b a s i f y in g  w ith  ammonia s o lu t io n ,  and the  f r a c t i o n s  w ashed, concen­

t r a t e d ,  d r i e d  and  e v a p o ra te d  to  d ry n e s s .

The w e ig h t o f  c rude  s tro n g  b ase  (R esidue  A) from  th e  1 .4  k g , 

o f  b a rk  was 1 8 g . , and o f  weak base  (R esidue  B) o n ly  a b o u t 120 mg.

Thus a lth o u g h  th e  q u a n t i ty  o f  b a rk  u sed  i n  t h i s  e x t r a c t i o n  was o n ly  

h a l f  t h a t  u se d  p r e v io u s ly ,  a lm o s t e x a c t ly  the same amount o f  c rude  

s tro n g  base  r e s u l t e d .  The weak base  f r a c t i o n  was n e g l i g i b l e ,  much 

l e s s  th a n  b e f o r e ,  b u t  a s  th e  c ru d e  we ale base  f r a c t i o n  o f  th e  f i r s t  

e x t r a c t i o n  p ro v ed  to  be l a r g e ly  n o n -b a s io , and th e  b a s ic  p o r t io n  to  

be l a r g e ly  voaoam ine and  v o b tu s in e  ( i . e .  s t ro n g  b a s e s ) ,  t h i s  i s  o f  

no s ig n i f ic a n c e .

These r e s u l t s  in d ic a t e d  t h a t  th e  m o d if ie d  e x t r a c t io n  was more 

e f f i c i e n t  and t h a t  t h i s  sam ple (VS/2) was c o n s id e ra b ly  r i c h e r  i n  

a lk a lo id s  th a n  th e  f i r s t  (V S /l) •

P u r i f i c a t i o n  o f  s tro n g  b a s e s .

The s o lu t io n  o f  b a s e s  f o r  ch rom atography  was p re p a re d  a s  befo re*  

A bout 1 6 g , o f  th e  c rude  b ase  were d is s o lv e d  i n  h o t  b en zen e , and 

th e  f i l t e r e d  s o lu t io n  e v a p o ra te d  to  d ry n e s s . The r e s id u e  was r e -  

d is s o lv e d  i n  80 m l, o f  benzene and chrom atographed  on 600 g . o f
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T ab le  10 : R e s u l ts  o f  th e  ch rom atography  o f  R esid u e  A,

§
0 ' -o

oo

1
r f

CD

H* H-
g
CD c f  

O
B  î)

y w

1 10 pjp
w

1 0
2 89
3 3
4 benzene 15 f ( i )
5 2
6 28
7 _0 1
8 85 f ( i î y
9 272

10 918 f ( i i i )
11 337
12 100
13 164
14 170 f ( i v )
15 174
1 6 189
17 206
18 257 f ( v )
19 321
20 e t h e r 494
21 755
22 670
23 497 f ( v i )
24 396
25 224
26 .... 150
27 140
28 1 25
29 74
30 97
31 70
32 28
33 58 f ( v i i )
34 e th e r  w ith 52
35 0 ,5  p e r  c e n t 41
36 m ethano l 45
37 ...........  56  ̂ _ ...
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T ab le  1 0 -  c o n tin u e d

§

0

yo
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1
c f

CD ^  
0 3  CD H* H-
&
CD Cf

0
B i-t

(jq

§ Ê

CD
0  p j
P
0 3

38 36 f ( v i i )
39 38 -  o o n td .
40 349
41 e th e r  w ith 1 ,355 f ( v i i i )
42 1 p e r  c e n t 544
43 me th a n o l 289
44 162
45 98 f ( i x )
46 48
47 44
48 123
49 e th e r  w ith 519
50 3 p e r  c e n t 388
51 m ethano l 295 f ( x )
52 358
53 267
54 15
55 e th e r  /  5 p .c . 56
56 m ethano l 14
57 1 20
58 e th e r  w ith 306 f ( x i )
59 1 0 p e r  o e n t 1 ,1 0 6
60 me th a n o l 611
61 203
62 151
63 768
64 138
65 m ethano l 205 f  ( x i i )
66 230
67 1 0 2 f
68 93
69 16
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a lum ina  i n  a  colum n o f  d im en sio n s 50 x 4*3 om,

E lu a ta  f r a c t i o n s  o f  300 m l, were c o l l e c t e d .  E lu t io n  o f  th e  

column was c a r r i e d  o u t  i n  a  m anner s im i l a r  to  t h a t  p r e v io u s ly  d e s ­

c r ib e d ,  w ith  one im p o r ta n t  d i f f e r e n c e .  T h is  was t h a t  th e  e t h e r -  

e l u t i o n  was c o n tin u e d  f o r  a  much lo n g e r  p e r io d  and  t h i s  a f f e c t e d  the  

r e s u l t s  a s  w i l l  be shown below . L i t t l e  c o lo u r  a p p e a re d  i n  th e  e lu t e d  

f r a c t i o n s  u n t i l  1 p e r  o e n t m ethano l i n  e th e r  was u se d , and  v a ry in g  

am ounts o f  c r y s t a l l i n e  m a te r i a l  s e p a ra te d  i n  a l l  f r a c t i o n s  from  

e ig h t  to  s ix ty -o n e  (T ab le  1 0 ) •

P a p e r ch rom atography  o f  th e  f r a c t i o n s  c o l l e c t e d  from  th e  a lu m in a  colum n. 

P a p e r  chrom atogram s w ere ru n  a t  pH 4*7 , exam in ing  each  i n d iv i d ­

u a l  f r a c t i o n  from  th e  colum n. From th e  r e s u l t s  o b ta in e d ,  l i k e  f r a c t i o n s  

w ere b u lk e d , and  th e  re d u c e d  number o f  f r a c t i o n s  a g a in  ru n  on p a p e r , 

t h i s  tim e a lo n g s id e  sam ples o f  th e  known r e f e r e n c e  a l k a l o i d s .  Thus i t  

was seen  t h a t  benzene  h ad  rem oved sm a ll q u a n t i t i e s  o f  voaoang ine  and 

voaoam ine, t r a c e s  o f  v o a c o r in e , and  a  sm a ll amount o f  b a s ic  m a te r i a l ,  

ru n n in g  a lm o s t w ith  th e  s o lv e n t  f r o n t ,  w hich  was c l e a r l y  th e  su b s ta n c e  

p r e v io u s ly  r e f e r r e d  to  a s  U1 (T ab le  9) * The i n i t i a l  e th e r  f r a c t i o n  

( f ( i i ) )  r e p e a te d  t h i s  r e s u l t  w ith  th e  U1 and  v oaoang ine  a r c s  somewhat 

s t r o n g e r ,  and v o b tu s in e  was a ls o  p r e s e n t .  A d d i t io n a l ly  th e r e  was the  

s l i g h t e s t  t r a c e  o f  a n o th e r  b a se  v /ith  a s m a lle r  R f v a lu e  th a n  v o a c o r in e . 

The e a r l y  e t h e r  f r a c t i o n s  e lu te d  voaoam ine, v o b tu s in e  and  i n -
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c re a s in g  am ounts o f  v o a c o r in e , th e  l a s t  voaoam ine coming o f f  i n  f ( v ) . 

The unknown s tro n g  b a se  m en tioned  i n  f ( i i )  r e c u r r e d  i n  s t r e n g th  i n  

f  ( i v ) , and p e r s i s t e d  i n  f  ( v ) , Most o f  th e  v o b tu s in e  was e lu te d  by 

e th e r  s im p ly , i n  f r a c t i o n s  f ( i i )  to  f  ( v i ) , b u t  some p e r s i s t e d ,  

accom panied by in c r e a s in g  am ounts o f  v o a c o r in e , to  f ( v i i i ) ,  w hich 

was e th e r  c o n ta in in g  1 p e r  c e n t  m eth an o l. The n e x t  f r a c t i o n ,  f ( i x ) , 

was u n u su a l i n  t h a t  i t  r e v e a le d  th e  r e c u r re n c e  o f  t r a c e s  o f  v o acan - 

g in e  and  voaoam ine. The e x p la n a t io n  o f  t h i s  w ould  seem to  be t h a t  

s l i g h t  t r a c e s  o f  th e s e  b a s e s  h ad  been  coming o f f  th e  column c o n t in ­

u o u s ly , and  on th e  a d d i t io n  o f  t h i s  in c r e a s e d  c o n c e n tr a t io n  o f  

m eth an o l, th e  f i n a l  t r a c e s  w ere washed o f f  i n  a  s u f f i c i e n t  concen­

t r a t i o n  to  be d e te c ta b le .

The f i n a l  f r a c t i o n s ,  w hich were s t r o n g ly  c o lo u re d , gave r e s u l t s  

w hich were d i f f i c u l t  to  i n t e r p r e t .  A lk a lo id a l  s t a i n s  were alw ays 

p ro m in en t a t  th e  s t a r t i n g - p o i n t  o f  the  chrom atogram  and f r e q u e n t ly  

s t r e a k s  w ere o b ta in e d  a lo n g  m ost o f  th e  chrom atogram  le n g th .  I t  w ould 

seem t h a t  some s tro n g  b a s e s  were p r e s e n t  i n  sm a ll q u a n t i ty  b u t  w h e th er 

th e s e  w ere th e  same a s  th o se  d e s c r ib e d  p r e v io u s ly  o r  n o t  c o u ld  n o t  be 

d e te rm in e d .

The crude  we ale b a se  f r a c t i o n ,  c o n s id e re d  to o  sm a ll to  be chrom­

a to g ra p h e d  on a lu m in a , was exam ined by p a p e r ch rom atography  and  fo u n d  

to  c o n ta in  o n ly  t r a c e s  o f  v o a c o r in e .

I n  summing up th e s e  r e s u l t s ,  i t  i s  c l e a r  t h a t  voaoam ine, vob-
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tu s in e  and v o a c o rin e  a re  th e  th r e e  main a lk a lo id s  p r e s e n t .  The weak 

b ase  voaoang ine  i s  a ls o  p r e s e n t ,  i n  sm all am ounts, accom panied by the  

even w eaker b a s e ,  U1 , A t l e a s t  one o th e r  s t ro n g  b a se  i s  p r e s e n t  i n  

t r a c e  am ounts a s  was a ls o  fo u n d  i n  the  p re v io u s  e x t r a c t .  However i n  

t h i s  c ase  th e  R f v a lu e  was w e l l  s h o r t  o f  t h a t  o f  v o a c o r in e , i n s t e a d  

o f  b e in g  betw een  th o se  o f  v o a c o rin e  and v o b tu s in e  a s  i n  th e  e a r l i e r  

e x p e r im e n t. T h is  anom aly may be e x p la in e d  by th e  f a c t  t h a t  th e  

p re v io u s  p a p e r  chrom atography  was c a r r i e d  o u t  a t  pH 4*0 and  th e  more 

r e c e n t  work a t  pH 4*7* I f  t h i s  w ere th e  same b a s e , th e n  i t  h ad  been  

h e ld  back  by d e c re a s in g  th e  a c i d i t y  o f  th e  p a p e r ,  w hich w ould be v e ry  

u n u su a l b e h a v io u r  f o r  a  b a s e . E vidence to  s u p p o r t t h i s ,  how ever, 

was o b ta in e d  by ru n n in g  f ( i v )  and  f ( v )  a t  pH 4*0 a s  i n  th e  e a r l i e r  

e x p e rim e n t, whereupon v o a c o rin e  was h e ld  b ack , and  a n o th e r  b ase  was 

shown betw een i t  and  v o b tu s in e , e x a c t ly  a s  h ad  happened  p r e v io u s ly .

A n o th e r p o s s ib le  e x p la n a t io n  o f t h i s  b e h a v io u r  i s  t h a t  th e re  

a re  two s tro n g  b a s e s  p r e s e n t  b e s id e  the  known o n e s . A t pH 4*0, th e  

s t r o n g e r  o f  th e  two unknowns (U2) i s  c l e a r  a s  an  a rc  b e h in d  v o b tu s in e  

b u t  w e ll  ahead  o f  v o a c o r in e . A t t h i s  pH th e  v o a c o r in e  i s  shown a s  a 

wedge o f  s t a in i n g ,  so t h i s  may a ls o  c o n ta in  th e  o th e r  b a se  ( d e s ig ­

n a te d  U3) • A t pH 4*7 , v o a c o rin e  moves much f u r t h e r ,  u n t i l  i t  i s  

c lo s e  b e h in d  v o b tu s in e ,  and i t  i s  su g g e s te d  t h a t  Ü2 i s  a ls o  i n  t h i s  

r e g io n  b u t  u n d e te c te d  a s  a  s e p a ra te  a r c .  F u r th e r ,  Ü3 i s  th e n  r e v e a le d  

a s  a com pact a rc  w e l l  b e h in d  v o a c o r in e , and no wedge o f  s t a in in g  i s
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p r e s e n t .  T h is  second  e x p la n a t io n ,  a lth o u g h  i n  no way v e r i f i e d ,  seems 

th e  more c r e d i t a b l e  (T ab le  11 and F ig .  11 ) .

I t  i s  a ls o  l i k e l y  t h a t  o th e r  s tro n g  b a s e s  a re  p r e s e n t  i n  e x t ­

rem e ly  sm a ll am ounts.
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T ab le  11 : Rf and Rvb v a lu e s  o f  th e  a lk a lo id s  from  p a p e r  

d is c  ch rom atog raphy . The Rvb v a lu e  i s  th e  r a t i o  o f  th e  

movement o f  th e  a lk a lo i d  to  t h a t  o f  p u re  v o b tu s in e , d e t ­

e rm ined  s im u lta n e o u s ly .

(P a p e r  -  Whatman No. 1 î S o lv e n t ^ E th e r . )

A lk a lo id
pH 4 .0 pH 4 .7

R f Rvb R f Rvb

UI 1 .0 0 1 .5 4 0 .9 9 1 .52

voaoang ine 0 .8 8 1 .5 5 0 .8 7 1 .3 4

voaoam ine 0 .7 4 1 .1 4 0 .7 4 1 .1 4

v o b tu s in e 0 .6 5 1 ,0 0 0 .65 1 .0 0

U2 Û.50 0 .7 7 undet:eo ted

v o a c o rin e 0 .2 4 0 .3 7 0 .5 5 0 .8 5

U3 u n d e te c te d 0 .3 2 0 .5 2



To fa o e  p .  i 07

F ig , 11 .

Diagram  to  show th e  r e s u l t s  o f  p a p e r  d is c  

ohrom atography o f  th e  Voacanga a lk a lo id s ,

A, r e s u l t s  a t  pH 4 .0 ,

B, r e s u l t s  a t  pH 4 .7*

(P a p e r -  "V/hatman No, 1 ; S o lv e n t -  E th e r . )

a, V S /l-IB /f ( i i )  ; Td, VS/i -IIB /f  ( iv )  ; o, VS/2- 
4 / f  ( i i )  ; d, VS/2-A7f (iv )  ; U1 ; ^ , “ U2j
U3; v a , voaoam ine; y b , v o b tu s in e ;  y c ,  v o a c o r in e ;  
y g , v o ao an g in e .
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T h in - la y e r  ohrom atography

A ttem p ts  w ere made u s in g  th e  in c r e a s in g ly  im p o r ta n t  te c h n iq u e  

o f  t h i n - l a y e r  ch rom atog raphy , to  co n firm  th e  p re s e n c e  o f  voaoang ine

and i s o l a t e ,  i n  th e  p u re  s t a t e ,  th e  u n i d e n t i f i e d  a lk a lo i d s .

1 2AThe f i r s t  p l a t e s  w ere made by the  m ethod o f  Demole , u s in g  

s i l i c i c  a c id  bound w ith  s ta r c h .  A la r g e  number o f  t e s t s  were c a r r i e d  

o u t  to  f i n d  a s u i t a b l e  s o lv e n t  system , b u t  a lth o u g h  many s o lv e n ts  w ith  

w id e ly  v a ry in g  p r o p e r t i e s  were t r i e d ,  i t  was fo u n d  t h a t  th e  b ase  

n e a r ly  a lw ays s ta y e d  a t  th e  o r i g i n a l  s p o t .  However, e th e r  p ro v ed  

e f f e c t i v e  i n  moving th e  weak b a s e s  and th e  r e s u l t s  were im proved  by 

m ix ing  e th e r  w ith  h a l f  i t s  volume o f  c h lo ro fo rm .

D e te c tio n  o f  th e  b a s e s  p o sed  a  p rob lem , due to  th e  p re se n c e  o f  

s t a r c h  a s  a  b in d in g  a g e n t . When s ta in e d  w ith  io d in e  vapour th e  b a s e s  

p r e s e n t  i n  f a i r l y  l a r g e  am ounts were r e a d i ly  se en  b u t  th e  h e a v i ly  

s ta in e d  back g ro u n d  o b sc u re d  th o se  l e s s  p ro m in e n t. On s p ra y in g  w ith  

D ra g e n d o rf f*s r e a g e n t  th e  w hole p l a t e  s ta in e d  d a rk  brow n. I n  an 

a tte m p t to  overcom e t h i s  d i f f i c u l t y ,  th e  p l a t e s  w ere w ashed w ith  1 

p e r  o e n t s o lu t io n  o f  sodium  th io s u lp h a te  a f t e r  s p ra y in g  w ith  D ragen- 

d o r f f* s  r e a g e n t ;  th e  background  im m ed ia te ly  became c o lo u r l e s s  le a v in g  

th e  b a s e s  s t a in e d  o ran g e . However, i t  was fo u n d  t h a t  some o f  th e  

s t a in in g  o f  th e  b a s e s  was rem oved a ls o  and i t  was f e a r e d  t h a t  t r a c e  

m a te r ia l s  m igh t th u s  be m isse d . The r e s u l t s  w ith  i o d in e - s t a i n e d
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p l a t e s  w ere v e ry  u n s a t i s f a c to r y .

An a l t e r n a t i v e  s o lu t io n  was to  r e p la c e  s t a r c h  a s  th e  b in d in g  

a g e n t and  t h i s  was s u c c e s s f u l ly  done by u s in g  pow dered  t r a g a o a n th .  

The t r a g a o a n th  ( 0 ,7  g$) and s i l i c i c  a c id  (2 8 ,5  g . )  w ere i n t im a te ly  

m ixed i n  a  m o rta r  and a b o u t 60 m l, o f  w a te r  ad d ed , fo llo w e d  by 

v ig o ro u s  t r i t u r a t i o n .  T h is  gave a  smooth p a s te  w hich  when d i l u t e d  

w ith  a b o u t AO m l, o f  w a te r  p ro d u ce d  a  m ucilage  o f  a  s u i t a b l e  v i s c ­

o s i t y  f o r  sp re a d in g  on th e  p l a t e s .  I f  th e  v i s c o s i t y  i s  c o r r e c t ,  

th e n  m a n ip u la t io n  o f  th e  p l a t e  by hand  i s  s u f f i c i e n t  to  d i s t r i b u t e  

i t  e v e n ly  o v e r  th e  s u r f a c e ,  b u t  i f  n e c e s s a ry , s p re a d in g  c a n  be done 

u s in g  a  b ro a d  p a l e t t e  k n i f e .  The p l a t e s  were th e n  d r i e d  i n  an  oven 

b u t  i t  was fo u n d  n e c e s s a ry  to  d ry  them more s lo w ly  th a n  a d v o c a te d  by 

Demole, i n  o rd e r  to  m in im ise  c ra c k in g  o f  th e  s u r f a c e .  J i f t e r  d ry in g  

a t  85^ f o r  s e v e r a l  h o u rs  th e  p l a t e s  w ere s to r e d  i n  a  d e s ic c a to r  

u n t i l  r e q u i r e d .  On s p ra y in g  w ith  D ra g en d o rff  * s r e a g e n t ,  th e  b a s e s  

s e p a ra te d  on such  p l a t e s  s t a in e d  o ran g e , th e  b ack g ro u n d  becom ing 

p a le  y e llo w , a s  w ith  p a p e r  chrom atogram s.

U sing  th e  t r a g a o a n t h - s i l i c i c  a c id  p l a t e s  and  e th e r /o h lo ro fo rm  

(2:1 ) a s  s o lv e n t ,  th e  f o u r  known a lk a lo id s  were s tu d ie d .  I n  th e  

c a se  o f  th e  th r e e  s tro n g  b a s e s ,  th e  o r i g i n a l  s p o ts  a l l  s t a in e d  

d e e p ly  w ith  s h o r t  s t r e a k in g  upw ards from  th e  p o in t s  o f  a p p l i c a t io n .  

By c o n t r a s t ,  voaoang ine  moved w e l l  w ith  th e  s o lv e n t  and  p ro d u ced  a  

f a i r l y  com pact s p o t ,  R f 0 .7A .
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W ith  t h i s  know ledge th e  f r a c t i o n s  from  th e  oolumn ohrom atography  

o f  R esid u e  A(VS/2) wore th e n  exam ined. As was e x p e c te d  i t  was th e  

i n i t i a l  f r a c t i o n s  t h a t  p ro v ed  th e  m ost i n t e r e s t i n g .  The f i r s t  f r a c t i o n  

s t a in e d  a t  th e  s t a r t i n g - p o i n t  w ith  some s t r e a k in g  to  a b o u t Rf 0 ,3* The 

n e x t f r a c t i o n ,  f ( i i ) , showed two s tro n g  t a i l i n g  s p o ts  a t  R f 0 ,9 2  and 

0 . 7 2 , p lu s  s t a in i n g  a t  th e  s t a r t i n g - p o i n t ,  an d  f ( i i i )  showed th r e e  

w e l l - d e f in e d  a r e a s  a t  R f 0 .7 2 ,  0 ,6 l  and  0 ,3 9 . The rem a in d e r o f  th e  

f r a c t i o n s  showed s t a in in g  o n ly  a t  th e  s t a r t i n g - p o i n t s  w ith  a  l i t t l e  

s t r e a k in g ,  somewhat more p ronounced  i n  f ( i x ) ,  w hich r e f l e c t e d  th e  

r e s u l t s  fo u n d  by p a p e r  oh rom atography .

Thus th e  p re s e n c e  o f  U1 and  voaoangine h a d  a g a in  been  demon­

s t r a t e d  i n  f  ( i i ) , and  i t  a ls o  seemed t h a t  f  ( i i i )  c o n ta in e d  some voa­

oang ine  and  o th e r  t w o  weak b a s e s  i n  t r a c e  am ounts, p r e v io u s ly  un­

su s p e c te d .

As U1 and voaoang ine  were p r e s e n t  i n  f ( i i )  i n  some q u a n t i ty ,  

i t  was d e c id e d  to  t r y  to  i s o l a t e  them u s in g  t h i s  te c h n iq u e . Thus a 

b ro a d  p l a t e  was lo a d e d  w ith  a  s p o t o f  th e  f r a c t i o n  tow ards one s id e ,  

and a heavy  s t r e a k  to w ard s th e  o th e r  s id e .  A f te r  developm ent th e  

p l a t e  was exam ined u n d e r u l t r a - v i o l e t  l i g h t  and th e  r e l a t i v e  p o s i t io n s  

o f  th e  f l u o r e s c e n t  com ponents from  sp o t and  s t r e a k  were m arked. The 

d ev e lo p ed  s p o t  was th e n  sp ra y e d  ( p r o te c t in g  th e  r e s t  o f  th e  p l a t e  

from  th e  sp ra y ) and th e  p o s i t i o n s  o f  th e  tv/o a lk a lo id s  d e te rm in e d .

The c o rre sp o n d in g  s e c t io n s  from  th e  d ev e lo p ed  s t r e a k  w ere th e n  sc ra p e d
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o f f ,  e l u t e d  w ith  a c e to n e , f i l t e r e d  and  e v a p o ra te d  to  d ry n e s s . 

U n fo r tu n a te ly  i n  n e i t h e r  c a se  was th e re  s u f f i c i e n t  r e s id u e  to  c a r r y  

o u t a  m e l t in g - p o in t  d e te rm in a t io n ,  b u t  b o th  y ie ld e d  s u f f i c i e n t  

m a te r ia l  to  a llo w  e x a m in a tio n  o f  th e  u l t r a - v i o l e t  s p e c t r a  w hich 

c o n firm ed  th e  p re se n c e  o f  voaoang ine  b u t  gave no h i n t  o f  th e  i d e n t i t y  

o f  U I.
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The a lk a lo id s

F in a l  p u r i f i c a t i o n .

A c c u ra te  p h y s ic a l  c o n s ta n t s  a re  o n ly  o b ta in e d  from  su b s ta n c e s  

w ith  a  h ig h  d eg ree  o f  p u r i t y .  The ach ievem en t o f  such  p u r i t y  i n  th e  

i s o l a t i o n  o f  th e  th r e e  a lk a lo i d s ,  voaoam ine, v o b tu s in e  and v o a c o r in e , 

p ro v ed  e x tre m e ly  d i f f i c u l t  due to  t h e i r  i n s t a b i l i t y .  S o lu t io n s  o f  

a l l  th r e e  r a p i d l y  p ro d u ced  a  v i o l e t  c o lo u r a t io n  and to  a v o id  t h i s  

i n  th e  f i n a l  p u r i f i c a t i o n  by  r e p e a te d  c r y s t a l l i s a t i o n  o r  p r e c i p i t ­

a t i o n  ( i n  th e  c a se  o f  v o b tu s in e ) ,  i t  was fo u n d  n e c e s s a ry  to  m a in ta in  

c o n d i t io n s  a s  i n e r t  a s  p o s s ib l e .  T hree p r i n c i p l e s  w ere a d o p te d , 

i ,  th e  b a s e s  w ere k e p t  i n  s o lu t io n  f o r  a s  s h o r t  a  tim e a s  

p o s s ib l e ;

i i ,  th e  te m p e ra tu re  was k e p t  a s  low a s  was p r a c t i c a b l e ;  

and, i i i ,  c o n ta c t  w ith  a tm o sp h e ric  oxygen was m in im ised .

Thus r e o r y s t a l l i s a t i o n  was c a r r i e d  o u t  a s  q u ic k ly  a s  p o s s ib le  by 

s o lu t io n  i n  th e  minimum amount o f  warm s o lv e n t ,  and  th e n  c o n c e n tra ­

t in g  th e  s o lu t io n  by p a s s in g  n i t r o g e n  th ro u g h  u n d e r p r e s s u r e ,  w h ile  

m a in ta in in g  th e  te m p e ra tu re  a t  a b o u t 30 to  3 5 ° , A t room te m p e ra tu re  

th e  s o lv e n t  came o f f  to o  s lo w ly , le a d in g  to  c o lo u r  fo rm a tio n .

The h a rv e s te d  c r y s t a l s  th e n  r e q u i r e d  to  be th o ro u g h ly  d r i e d  

and a lth o u g h  o n ly  d ry  s o lv e n ts  were u sed  d u rin g  r e c r y s t a l l i s a t i o n ,  

o n ly  p ro lo n g e d  t r e a tm e n t  a t  a b o u t 6 0 ° , u n d e r vacuum, o v e r  phosphorous
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pento3d.de (u s in g  a  d ry in g  p i s t o l ,  w ith  c h lo ro fo rm  a s  th e  h e a t in g  s o l ­

v e n t ) , p ro d u ced  sam ples p u re  enough to  g iv e  a n a l y t i c a l  f i g u r e s  i n  

ag reem en t w ith  th o se  p r e v io u s ly  p u b lis h e d . I n  t h i s  m anner th e  l a s t  

t r a c e s  o f  s o lv e n t  w ere rem oved f a i r l y  q u ic k ly  from  voaoam ine and 

v o b tu s in e  ( f o u r  h o u rs  and tw e n ty - fo u r  h o u rs , r e s p e c t iv e ly )  b u t  v e ry  

s lo w ly  from  v o a c o r in e  ( s e v e r a l  d a y s ) .

M e l t in g - p o in t .

F i r s t  a t te m p ts  a t  d e te rm in a tio n  o f  th e  m e l t in g - p o in t s  o f  th e  

a lk a lo id s  r e s u l t e d  o n ly  i n  c h a r r in g ,  g e n e r a l ly  s t a r t i n g  j u s t  below  

200° and w o rsen in g  p r o g r e s s iv e ly  w ith  in c r e a s e  i n  te m p e ra tu re . The 

s u c c e s s f u l  m ethod a d o p te d  was to  s e a l  th e  s u b s ta n c e s  i n  e v a c u a te d  

g l a s s  c a p i l l a r y  tu b e s  and  b e g in  h e a t in g  a t  a b o u t 13° below  th e  su s ­

p e c te d  m e l t in g - p o in t .  I n  t h i s  m anner q u i te  sh a rp  d eo o m p o s itio n - 

p o in t s  w ere a c h ie v e d .

S p e c if ic  r o t a t i o n .

T h is  was d e te rm in e d  on 1 p e r  o e n t (ap p ro sd m a te ly )  s o lu t io n s  

i n  c h lo ro fo rm  a t  2 0°.

Voaoam ine.

R e o r y s t a l l i s e d  from  m eth an o l, c o r r e c te d  m .p. 223° (d eco m p .), 

r e a d i l y  s o lu b le  i n  c h lo ro fo rm , s p a r in g ly  so lu b le  i n  m eth an o l.

(& )^^, - 30° ( 0 = 1 , c h lo ro fo rm ) . U l t r a - v i o l e t  sp ec tru m  ( a b s o lu te
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e th a n o l)  w ith  a b s o rp t io n  p eak s  a t  225 ( lo g  4 ,7 2 ) ,  285 mju ( lo g  (r, 

4 . 27) and  295 mjU ( lo g  4 .2 8 ) .  I n f r a - r e d  spectrum  c o in c id e d  w ith  

t h a t  o b ta in e d  u s in g  a u th e n t ic  voacam ine. Pound: C, 71 ,0 0 ; H, 7 ,5 ;

N, 7 .8  p e r  c e n t ,  r e q u i r e s  C, 7 2 .3 ;  H, 7 ,6 ;  N, 7*8 p e r  c e n t .

These f i g u r e s  a re  i n  ag reem en t w ith  th o se  a l r e a d y  p u b lis h e d ^ '^  6^88,105^

V o b tu s in e ,

P r e c i p i t a t e d  from  m ethy lene  c h lo r id e ,  u n o o r re o te d  m .p, 305^

(d ec o m p .) , r e a d i l y  s o lu b le  i n  c h lo ro fo rm  b u t  i n s o lu b le  i n  m ethano l

and e th a n o l ,  deep b lu e  c o lo u r  w ith  c o n c e n tr a te d  n i t r i c  a c id .
20

( a ) ^  , -295 ( 0 = 1 , c h lo ro fo rm ) . U l t r a - v i o l e t  sp ec tru m  (a b s o lu te

e th a n o l)  w ith  a b s o r p t io n  p eak s a t  220, 265, 300 an d  325 niju. I n f r a ­

r e d  spectrum  c o in c id e d  w ith  t h a t  o b ta in e d  u s in g  a u th e n t ic  v o b tu s in e , 

Pound: C, 7 0 .3 ;  H, 7,1 ; N, 7 .6 5  p e r  c e n t ,  ^^2^ 48^ 6^4 q ^ r e s  C,

71 . 6 ; H, 6 .9 ;  N, 7 .9 5  p e r  c e n t .  These f i g u r e s  a g re e  i n  g e n e ra l  w ith  

th o se  pub lished^ '"*  a lth o u g h  th e  s p e c i f i c  r o t a t i o n  i s  low  and

a ls o  th e  a n a l y t i c a l  f i g u r e s .  The l a t t e r  a g re e s  w ith  th e  o b s e rv a t io n

18o f  S c h u le r  e t  a l . who fo u n d  t h a t  s l i g h t  t r a c e s  o f  m o is tu re  a f f e c t e d  

th e  f i g u r e s .  The v a lu e  o b ta in e d  f o r  s p e c i f i c  r o t a t i o n  ( -2 9 5 ^ ) ,  

a lth o u g h  h ig h e r  th a n  th e  p u b l is h e d  f ig u r e  ( - 321° ) ,  was th e  same as  

t h a t  o b ta in e d  by th e  a u th o r  on a  genu ine  sam ple o f  v o b tu s in e . Due 

to  v o b tu s in e  b e in g  a lm o s t c o m p le te ly  in s o lu b le  i n  e th a n o l ,  no v a lu e s  

f o r  lo g  c o u ld  be c a l c u l a t e d  b u t  th e  maxima w ere i n  a p p ro x im a te ly  th e



-  115 “

same p r o p o r t io n  to  each  o th e r  a s  the  p u b lis h e d  e x t i n c t i o n  c o e f f ic ie n t s ^

V o ao o rin e .

R e c r y s t a l l i s e d  from  a c e to n e , un co n n ec ted  m .p , 271° (d eco m p .),

r e a d i ly  s o lu b le  i n  c h lo ro fo rm , s l i g h t l y  so lu b le  i n  a c e to n e , v e ry

s l i g h t l y  s o lu b le  i n  m eth an o l, ( a ) ^  , - 50° (o = 1 , c h lo ro fo rm ) .

U l t r a - v i o l e t  spectrum  ( a b s o lu te  e th a n o l)  w ith  a b s o rp t io n  p eak s  a t

225 mjU ( lo g  (*, 4 .6 6 ) ,  286 mjU ( lo g  f ,  4 ,2 0 ) and  295 m^ ( lo g  4.21 ) .

I n f r a - r e d  spectrum  c o in c id e d  w ith  t h a t  o b ta in e d  u s in g  a u th e n t ic

v o a c o r in e . Pound: C, 7 0 .2 5 ; H, 7 ,3 9 ; N, 8 ,0 7  p e r  c e n t ,  C^^K^qO^N^

r e q u i r e s  C, 7 0 .8 7 ; H, 7*25; N, 8 ,0 6  p e r  c e n t .  These f i g u r e s  a re  i n

1 2 20agreem ent w ith  th o se  a lr e a d y  p u b lis h e d  ' . A lth o u g h , a s  shown,

th e  a n a l y t i c a l  f i g u r e s  a re  v e ry  c lo s e  to  th o se  g iv e n  i n i t i a l l y  by

12 20 G -outarel and  J a n o t  , th e y  su b se q u e n tly  , from  r e v i s e d  f i g u r e s ,

1 1  1 1 - .  n    1  _     n  _• i _  _ T —  r ;  TT r \  HT p  TT A M

su g g e s te d  the  fo rm u la  was more l i k e l y  o r  46 56 / 4 *

Voaoa n g in e .

T h is  a lk a lo id  was n o t  o b ta in e d  i n  th e  c r y s t a l l i n e  s t a t e  and 

th u s  th e  e v id en ce  f o r  i t s  p re se n c e  was much l e s s  com plete  th a n  f o r  

th e  p r e v io u s ly  d e s c r ib e d  a lk a lo i d s ,  a lth o u g h  s u f f i c i e n t l y  s tro n g  

to  r e p o r t  i t s  p re s e n c e .

The b a se  was e lu te d  from  th e  a lum ina column by benzene and 

th e  i n i t i a l  e th e r  f r a c t i o n s ,  a s  r e p o r te d  by o th e r  w o rk e rs . I t  moved 

i n  an  i d e n t i c a l  m anner to  genu ine  voaoang ine  when ru n  on p a p e r  a t
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b o th  pH 4*0 and. 4*7 , and. on s i l i c i o  a c id  p l a t e s .  The u l t r a - v i o l e t

spectrum  o f  the  e th a n o lio  s o lu t io n  o f  th e  b ase  showed a b s o rp t io n

10peaks a t  225 and 287 m ^ ,  i n  ag reem ent w ith  p u b l is h e d  r e s u l t s  , The 

c o n c e n tr a t io n  o f  th e  a lk a lo id  i n  th e  s o lu t io n  was unlcnown and hence 

no v a lu e s  f o r  lo g  f  c o u ld  be o b ta in e d  b u t  th e  maxima w ere i n  th e  same 

p ro p o r t io n  r e l a t i v e  to  each  o th e r  a s  the  p u b l is h e d  e x t i n c t i o n  c o e f f ­

i c i e n t s .

Si-
A ll  t h a t  can  be s a id  o f t h i s  base  i s  t h a t  from  i t s  b e h a v io u r  

on p a p e r  and  s i l i c i c  a c id ,  i t  i s  ex tre m e ly  weak and i n  e th a n o l  i t s  

u l t r a - v i o l e t  spectrum  showed a s in g le  a b s o rp t io n  p eak  a t  220 m^ . 

T h is  l a t t e r  f a c t  s u g g e s ts  i t  d i f f e r s  from  th e  V oaoanga a lk a lo id s  

d e s c r ib e d  to  d a te ,  and i t  may be s i g n i f i c a n t  t h a t  220 m f j ,  i s  th e  

w a v e -le n g th  o f  th e  f i r s t  o f  th e  f o u r  v o b tu s in e  maxima.
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Pig* 12 .

U l t r a - v i o l e t  s p e c t r a  o f  th e  Voaoanga a lk a lo id s .

v a , voacam ine; vh , v o b tu s in e ;  y c ,  v o a o o rin e ; 
v g , v o ao an g in e ; u , U1,
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F ig .  13 .

I n f r a - r e d  s p e o tr a  o f th e  Voaoanga a lk a lo id s ,  

y a , v o a o o rin e ; v o b tu s in e ;  vo , v o a o o rin e .
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A ssay  o f  th e  a l k a l o i d s

A lk a lo id a l  a s s a y»

B oth sam ples o f  V .s o h w e in fu r th i i  were a s sa y e d  f o r  t o t a l  a lk a lo i d ­

a l  c o n te n t  by th e  fo l lo w in g  m ethod, which was a d a p te d  from  th e  a l k a lo i d a l

-j 25
a s s a y  o f  Nux Vomica d e s c r ib e d  i n  th e  B r i t i s h  P harm acopoeia , 1 9o3 •

T h is  m ethod was chosen  a s  th e  a lk a lo id s  o f  Nux Vom ica, l i k e  th e  Voa­

oanga a lk a lo i d s ,  a re  in d o le  d e r i v a t i v e s .

1 00 m l. o f  a  m ix tu re  o f  e th e r  (two p a r t s )  and  c h lo ro fo rm  (one 

p a r t )  were added  to  a b o u t 10 g . ( a c c u r a te ly  w eighed) o f  f i n e l y  pow dered 

b a rk  and  a llo w e d  to  s ta n d  f o r  te n  m in u te s . 5 m l. o f  d i l u t e  s o lu t io n  

o f  ammonia w ere added  and  th e  f l a s k  shaken  c o n tin u o u s ly  f o r  s ix  h o u rs . 

A f te r  s ta n d in g  o v e rn ig h t ,  th e  c o n te n ts  o f  th e  f l a s k  were t r a n s f e r r e d  

to  a  c o n tin u o u s  e x t r a c t i o n  a p p a ra tu s  and e x t r a c t i o n  c o n tin u e d  f o r  

a n o th e r  two h o u rs  w ith  more o f  th e  same s o lv e n t  m ix tu re .

The e x t r a c t  was th e n  t r a n s f e r r e d  to  a s e p a r a t in g  fu n n e l and 

e x t r a c t e d  w ith  20 m l. p o r t io n s  o f  N s u lp h u r ic  a c id  u n t i l  f r e e  from  

a lk a lo i d .  The b u lk e d  a c id  f r a c t i o n s  were b a s i f i e d  w ith  s tro n g  s o lu t io n  

o f  ammonia and th e  a lk a lo i d  e x t r a c t e d  w ith  20 m l. p o r t io n s  o f  c h lo r o ­

fo rm . The b u lk e d  c h lo ro fo rm  e x t r a c t s  were c o n c e n tr a te d  i n  a  b o i l i n g -  

w a te r  b a th ,  u n d e r re d u c e d  p r e s s u r e ,  to  ab o u t 2 m l . ,  5 m l, o f  93 p e r  

c e n t  e th a n o l  added and th e  e x t r a c t  e v a p o ra te d  to  d ry n e s s .  The r e s id u e  

was d r ie d  a t  100^ f o r  30 m in u te s .
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F i n a l l y  th e  e x t r a c t  was d is s o lv e d  i n  1 0 m l, o f  N/1 0 s u lp h u r ic  

a c id  and  t i t r a t e d  w ith  N/i 0 sodium  h y d ro x id e , u s in g  s o lu t io n  o f  m ethy l 

r e d  a s  i n d i c a t o r .  Each m l, o f  n/1 0 s u lp h u r ic  a c id  was e q u iv a le n t  to  

0 ,0352  g , o f  v o b tu s in e  ( c a l c u l a t e d  f o r  a  M.W. o f  704) .

The a lk a l o i d a l  c o n te n ts  o f  sam ples VS/1 and  VS/2 were th u s  fo u n d  

to  be 0*4 p e r  c e n t  and  1 ,6  p e r  c e n t  r e s p e c t iv e ly ,  c a l c u l a t e d  a s  vob­

t u s i n e .

Q u a n t i ta t iv e  a n a ly s i s  o f  th e  e x t r a c t i o n  r e s u l t s .

An a n a ly s i s  was made o f  th e  y i e l d s  o f  c ru d e  b a s e ,  t o t a l  a lk a lo id s  

and o f  in d iv id u a l  a lk a lo id s  o b ta in e d  by th e  e x t r a c t i o n  o f  b o th  sam ples 

o f  V .s c h w e in f u r th i i . d e s c r ib e d  above. The y i e l d s  o f  c ru d e  b ase  were 

0 ,9  p e r  c e n t  and  1 ,5  p e r  c e n t  f o r  VS/l and VS/2 r e s p e c t iv e ly .

A ssessm en t o f  th e  t o t a l  a lk a lo i d a l  c o n te n ts  o f  th e  two sam ples 

was made from  th e  r e s u l t s  o f  column chrom atography  o f  th e  c ru d e  b a s e s ;  

VS/1 c o n ta in e d  a b o u t 0 ,3 4  p o r  c e n t ,  and VS/2 a b o u t 1 ,0  p e r  c e n t  o f  

a lk a lo i d s .

A c c u ra te  v a lu e s  f o r  th e  c o n te n t  o f  in d iv id u a l  a lk a lo id s  c o u ld  

n o t  be o b ta in e d  a s  th e y  were n o t  d i s t i n c t l y  s e p a r a te d  by ch rom atography , 

b u t  an  ap p ro x im ate  e s t im a t io n  c o u ld  be made and i t  was co n c lu d ed  t h a t  

V8/1 c o n ta in e d  a b o u t 0,1 p e r  c e n t  voacam ine, 0 ,2  p e r  c e n t  v o b tu s in e  

and 0,1 p e r  c e n t  v o a o o rin e ; and  VS/2 c o n ta in e d  a b o u t 0 ,2  p e r  c e n t  

voacam ine, 0 ,3  p e r  c e n t  v o b tu s in e  and 0 ,3  p e r  c e n t  v o a o o rin e .
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C o n c lu s io n s ,

The r e s u l t s  from  th e  a lk a lo i d a l  a s sa y s  and  th e  a c tu a l  e x t r a c t i o n s  

o f  th e  a lk a lo id s  were i n  re a s o n a b le  ag reem en t, b o th  i n d i c a t i n g  t h a t  

sam ple VS/2 c o n ta in e d  c o n s id e ra b ly  more a lk a lo id  th a n  VS/l ,

D e ta i le d  q u a n t i t a t i v e  a n a ly s e s  o f  th e  a lk a lo i d a l  c o n te n t  o f  

V .a f r i c a n a  have n o t  b een  p u b l is h e d , b u t  th e  y i e l d  o f  c ru d e  b ase  from
9

th e  stem  b a rk  h a s  b een  r e p o r te d  a s  3-5 p e r  c e n t  , T h is  i s  c o n s id e ra b ly  

h ig h e r  th a n  th e  v a lu e s  o b ta in e d  f o r  V ,s o h w e in fu r th i i  b u t  f u l l e r  q u a n t­

i t a t i v e  s tu d ie s  w ould be n e c e s s a ry  b e fo re  i t  c o u ld  be c o n c lu d ed  w h e th er 

th e r e  was any c o n s i s t e n t  d i f f e r e n c e  betw een  th e  a lk a lo i d a l  c o n te n ts  o f  

th e  two s p e c ie s .  E vidence c o n tr a r y  to  t h i s  was o b ta in e d  by a s s a y in g  

one o f  th e  sam ples o f  V ,a f r i c a n a , VA/4, by th e  m ethod d e s c r ib e d  above. 

The a l lc a lo id a l  c o n te n t  was fo u n d  to  be a b o u t 1 .5  p e r  c e n t ,  c a l c u l a t e d  

a s  v o b tu s in e ,  w hich was v e ry  s im i la r  to  th e  c o n te n t  o f  V S/2, T h is  

f i g u r e  c o u ld  o n ly  be c o n s id e re d  a p p ro x im a te , how ever, a s  i t  was o b ta in e d  

from  a s in g le  d e te rm in a tio n  o f  one sample o f  p a r t i c u l a r l y  t h i n  b a rk .
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M acro so o p io a l s t r u c tu r e

I n d iv id u a l  p ie c e s  o f  b a rk  v a r ie d  g r e a t ly  i n  a p p e a ra n c e . Most 

p ie c e s  w ere 2 to  4  cm. b ro a d , a v e ry  few b e in g  l e s s  th a n  1 cm. o r  up 

to  6  cm. The le n g th  was e x tre m e ly  v a r i a b le ,  th e  m a jo r i ty  b e in g  5 to  

7 cm. lo n g , b u t  s e v e r a l  were o n ly  2 to  3 cm, and a  few  up to  10 cm, 

lo n g . Most p ie c e s  w ere 1 to  3 mm. th ic k ,  th e  l a r g e r  o n es 6 to  8 mm, 

and , o c c a s io n a l ly ,  up to  11 mm. The p ie c e s  w ere a l l  more o r  l e s s  

c u rv e d , th e  d eg ree  o f  c u rv a tu re  b e in g  in v e r s e ly  p r o p o r t io n a l  to  th e  

th ic k n e s s  o f  th e  b a r k ; th e  m a jo r i ty  o f  th e  p ie c e s  w ere th e r e f o r e  

c h a n n e lle d  b u t  th e  th in n e r ,  b ran c h  b a rk  o c c u r re d  i n  q u i l l s .

The o u te r  s u r fa c e  was g re y i  sh-brow n, b e in g  p a le  on th e  th in n e r  

p ie c e s  and  d a rk  on th e  t h i c k e r  o n es; o c c a s io n a l ly  i t  was f a i r l y  smooth 

v /ith  t r a n s v e r s e  r id g e s  a t  f r e q u e n t  i n t e r v a l s  and e x h ib i t in g  num erous 

sm a ll ,  w a rty  s p o ts ,  b u t  u s u a l ly  i t  was e x tre m e ly  ro u g h  w ith  r e l a t i v e l y  

f i n e  o r ,  o c c a s io n a l ly ,  c o a r s e ,  lo n g i tu d in a l  s t r i a t i o n s  and  more prom­

i n e n t ,  i r r e g u l a r  r id g e s  and  c ra c k s .  The p re se n c e  o f  w a r ts ,  m o stly  

1 to  2 mm, i n  d ia m e te r  b u t  up to  3 mm, i n  l a r g e r  p i e c e s ,  was a  con­

s t a n t  f e a t u r e .  O c c a s io n a l ly ,  th e  r a t h e r  s o f t ,  spongy c o rk  e x f o l i a t e d ,  

ex p o sin g  th e  h a rd  brown o u te r  c o r te x ,  (F ig .  14)*

V a rio u s  e p ip h y te s  w ere p r e s e n t  on some p ie c e s ;  th e s e  in c lu d e d  a 

c lo s e ly  a d h e re n t ,  w h ite  l i c h e n ,  som etim es w ith  ab u n d an t ro u n d , b la c k  

a p o th e o ia ,  and , l e s s  commonly, d a rk  g re e n  l i c h e n ,  o r  y e llo w is h  g re e n
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o r  brown moss (F ig .  14) .

The in n e r  s u r fa c e  was f a i r l y  smooth on th e  v e ry  t h i n  p ie c e s  

w ith  f a i n t ,  l o n g i tu d in a l  s t r i a t i o n s ;  th ic k e r  p ie c e s  f r e q u e n t ly  showed 

much c o a r s e r  s t r i a t i o n s .  T h in  p ie c e s  were l i ^ t  brown and th ic k  ones 

d a rk  g re y is h  brow n, G l is te n in g  p o i n t s ,  due to  th e  p re se n c e  o f  c r y s t a l s  

o f  ca lc iu m  o x a la te ,  w ere f r e q u e n t ly  a p p a re n t , though  th e s e  w ere more 

c l e a r l y  se en  on th e  f r e s h l y  f r a c t u r e d  s u r f a c e .  ( F ig .  13A ),

L arge p ie c e s  o f  b a rk  were h a rd  and  to u g h , w ith  a  f r a c t u r e  

w hich was s h o r t  and g r a n u la r  i n  b o th  th e  c o r te x  and phloem , a lth o u g h  

a ls o  s l i g h t l y  f ib r o u s  i n  th e  c o r te x .  T h in  p ie c e s  w ere much more 

b r i t t l e  and th e  f r a c t u r e ,  though s h o r t  i n t e r n a l l y ,  was e x tre m e ly  

f ib r o u s  i n  th e  c o r te x .

On th e  sm oothly  o u t  s u r f a c e ,  th e  c o rk  a p p e a re d  a s  a  d a rk  brown 

l i n e  to  th e  o u ts id e  o f  th e  somewhat p a le r  c o r t i c a l  and  phloem  t i s s u e s .  

The sc le ren ch y m a a p p ea re d  a s  l i ^ t  brown p o i n t s ,  on th e  th in n e r  p ie c e s ,  

and  s t r i a t i o n s ,  on th e  t h i c k e r  p ie c e s .

The b a rk  h ad  l i t t l e  odour and a  s l i g h t l y  b i t t e r  t a s t e .



To fa c e  p .  1 25

F ig .  1 4 .

The o u te r  s u r fa c e  o f  th e  stem  b a rk  o f  V .s c h w e in f u r th i i .

( X I  )





To f a c e  p .  1 2 6

F ig .  15.

A. The in n e r  s u r fa c e  o f  th e  stem  h a rk  o f  

V .s o h w e in f u r th i i .

B. The in n e r  s u r fa c e  o f  th e  stem  h a rk  o f  

V .a f r i c a n a .

( B oth X §  )



A

B
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M ic ro sc o p ic a l  s t r u c tu r e

F o r  th e  m ic ro s c o p io a l  e x am in a tio n  o f  th e  b a rk ,  s e v e r a l  p ie c e s  o f  

v a ry in g  s iz e  and  a p p e a ra n c e , t h a t  i s  o f  c o lo u r  and  s u r fa c e  m ark in g s , 

w ere c h o sen  from  each  sam ple and a  s e r i e s  o f  m ounts o f  t r a n s v e r s e ,  

r a d i a l  l o n g i t u d i n a l  and  t a n g e n t i a l  l o n g i tu d in a l  s e c t io n s  was made. 

B ecause o f  th e  s t r o n g ly  l i g n i f i e d n a tu re  o f  th e  m a te r i a l  i t  was 

d i f f i c u l t  to  p re p a re  wax b lo c k s  o f  t h i s  "type o f  s t r u c tu r e  due to  p o o r 

p e n e t r a t i o n  o f  em bedding m e d ia ^ ,  th e r e f o r e  th e  fo l lo w in g  te c h n iq u e  

was d e v e lo p ed  and  a d o p te d  f o r  th e  p ro d u c tio n  o f  th e  m a jo r i ty  o f  th e  

s e c t io n s .

Sm all p ie c e s  o f  th e  b a rk  w ere p re p a re d  f o r  s e c t io n in g  by so ak in g  

them o v e r n i ^ t  i n  M ucilage o f  T rag ao an th  c o n ta in in g  0.1 p e r  c e n t  w/w 

o f  o e tr im id e  to  p re v e n t  m ould g ro w th , ïÈiioh o th e rw is e  o c c u r re d  v e ry  

q u ic k ly . The p e r f o r a te d  m e ta l o b je c t  h o ld e r  o f  a  Cambridge ro o k in g  

m icrotom e was p lu g g ed  by  ad d in g  s e v e ra l  d ro p s  o f  the  m ucilage  and 

f r e e z in g  t h i s  i n  a  m ix tu re  o f  s o l i d  ca rb o n  d io x id e  and  a c e to n e . A 

sm a ll p ie c e  o f  trim m ed b a rk  was p la c e d  on to p  o f  th e  p lu g , l i b e r a l l y  

c o a te d  w ith  m u cilag e  from  a p i p e t t e ,  and th e n  f r o z e n  q u ic k ly  by d ip p in g  

in to  th e  f r e e z in g - m ix tu r e .  T'/hen h a rd , th e  w hole was f i x e d  to  th e  

ro o k in g  m icrotom e and th e  s e c t io n s  o u t .  S e c t io n s  o f  v a ry in g  th ic k n e s s  

were u se d , from  a b o u t 5 to  20 jU , S ince  no m ethod was em ployed o f  

k e e p in g  th e  m icrotom e h e ad  c o o l d u r in g  c u t t i n g ,  th e  b lo c k  m e lte d
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q u ic k ly  b u t ,  w ith  p r a c t i c e  and by k e e p in g  th e  Icn ife  c o o l ,  th e  p ro ­

ced u re  c o u ld  be c o n v e n ie n t ly  c a r r i e d  o u t .

The s e c t io n s  were c o l l e c t e d  i n  w a te r  and  w ere re a d y  f o r  m ounting , 

c le a r in g  i n  c h lo r a l  h y d ra te  s o lu t io n ,  o r  s t a in i n g ,  w ith o u t  any f u r t h e r  

t r e a tm e n t .  The m ethod w as, t h e r e f o r e ,  c o n v e n ie n t and  q u ic k e r  th a n  

wax-em bedding te c h n iq u e s .  The m a jo r i ty  o f  th e  s e c t io n s  were c le a r e d

i n  70 p e r  c e n t  c h lo r a l  h y d ra te  s o lu t io n  on a  s l i d e  and  m ounted i n

g ly c e r in  j e l l y ,  L ig n in  was d e te c te d  by s t a in i n g  w ith  a lc o h o l ic  

s o lu t io n  o f  p h lo r o g lu c in o l  and  h y d ro c h lo r ic  a c id ,  and  s u b e r in  by 

s t a in in g  w ith  T in c tu re  o f  A lk a n e t o r  Sudan I I I ,

C r y s ta l s  o f  c a lc iu m  o x a la te  p r e s e n t  were s lo w ly  s o lu b le  i n  66 

p e r  c e n t  s u lp h u r ic  a c id  w ith o u t  e f f e rv e s c e n c e .

Note : C o n v en tio n s u se d  f o r  r e c o rd in g  c e l l  d im en sio n s a re  a s  f o l lo w s :

H, r a d i a l ;  T, t a n g e n t i a l ;  H, a x i a l ;  B, w a l l  t h ic k n e s s ;  and

D, d ia m e te r .  Where a f u l l  ran g e  o f v a lu e s  i s  g iv e n , th e y

have r e s u l t e d  from  a  t o t a l  o f  6OO m easurem ents ta k e n  from  

tw e lv e  d i f f e r e n t  p ie c e s  o f  b a rk  and e x p re s s e d  a s  'a  to  

I Ü .  to  M2 to  b ' ,  w here ’ a ' was th e  s m a l le s t  v a lu e ,  'b* th e  

h ig h e s t  v a lu e ,  and  ^M1 to  M2’ r e p r e s e n t s  th e  a r i th m e t ic  mean 

-  th e  s ta n d a rd  d e v ia t io n .  When th e  m easurem ent o f  such a 

number o f  v a lu e s  was im p r a c t ic a b le ,  a s  l a r g e  a  number a s  

p o s s ib le  was d e te rm in e d , such v a lu e s  n o t  b e in g  e x p re s s e d  i n  

th e  above f a s h io n .
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The amount o f  c o rk  p r e s e n t  v a r ie d  from  3  l a y e r s  o f  c e l l s  to  

o v e r  1 00 i n  a  v e ry  few  c a s e s ;  n o rm a lly  a b o u t 12 l a y e r s  w ere se en . 

E x cep t i n  v e ry  t h i n  p ie c e s  o f  b a rk ,  p a tc h e s  o f  parenchym atous c e l l s  

w ith  s l i g h t l y  th ic k e n e d , b ro w n ish  w a l ls  were d i s p e r s e d  among th e  co rk  

c e l l s ,  g e n e r a l ly  i n  a s s o c i a t io n  w ith  sm a ll g roups o f  s to n e  c e l l s .

1/Vhen a t h ic k  c o rk  was p r e s e n t ,  th e  c o rk  c e l l s  som etim es o c c u r re d  i n  

d i s t i n c t  l a y e r s  a l t e r n a t i n g  w ith  l a y e r s  o f  t h i s  parenchym a; th e r e  were 

u s u a l ly  a b o u t 12 row s o f  co rk  c e l l s  i n  each  l a y e r .  (F ig s .  1 6A, B and 

C, and 1 ?A, B and  C ),

O c c a s io n a l ly  a w e ll- fo rm e d  rhy tidom e was p r e s e n t ,  where a la r g e  

p ie c e  o f  c o r te x  h a d  b een  o u t o f f ,  and t h i s  u s u a l ly  c o n s i s te d  o f  dead  

parenchym atous c e l l s ,  s c l e r e i d s ,  and , f r e q u e n t ly ,  c o r t i c a l  f i b r e s .  

(F ig s .  1 6A, 17A and  1 8 ) .

The c o rk  c e l l s  o c c u r re d  i n  f a i r l y  r e g u la r  r a d i a t e  row s and  were 

c h a r a c t e r i s t i c a l l y  t a b u l a r ,  and  e lo n g a te d  a x i a l l y  and  t a n g e n t i a l l y  

( F ig s ,  1 8 and  1 9) * The t a n g e n t i a l  w a l ls  w ere much t h i c k e r  (many 

b e in g  up to  3 l ^  th ic k )  th a n  th e  r a d i a l  w a l l s ,  w hich were u s u a l ly  wavy, 

and  w ere som etim es b ead ed  when seen  i n  s u r fa c e  v iew  (F ig .  2 8 ). 

A lth o u g h  t h i s  b e a d in g  was r e l a t i v e l y  r a r e ,  when p r e s e n t  i t  was 

u s u a l ly  w e ll-m a rk e d . The c e l l s  were l i g n i f i e d, s t a in i n g  pinlc to  

deep r e d  w ith  s o lu t io n  o f  p h lo ro g lu c in o l  and  h y d ro c h lo r ic  a c id  and 

m easured  R 8 to  1 6 to  28 t o  3 ^  l^i ^ T 1A to  27 to  A5 to  70 ju and  H 10 

to  21 to  59 to  62 ^ ,
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The p h e llo g e n  was seldom  w e l l - d e f in e d  b u t ,  when a p p a re n t ,  con­

s i s t e d  o f  r e g u la r  th in - w a l le d  c e l l s ,  m o stly  m easu ring  a b o u t R 10 

T 28 jU and  H 28 ^ . These c e l l s  f r e q u e n t ly  c o n ta in e d  more o r  l e s s  

c u b ic a l  p r i s m a t ic  c r y s t a l s  o f  c a lc iu m  o x a la te  o f  a b o u t 21 ju i n  edge, 

( F ig s .  1 8 and  1 9 ) .

The p h e llo d e rm  was w e l l - d e f in e d ,  c o n s i s t in g  l a r g e l y  o f  a  band 

o f  s c l e r e i d s  o f  a b o u t 9 to  7 ( F ig s ,  18 and  1 9 ) ,  o r ,  o c c a s io n a l ly ,  

num erous ( F ig .  16c) h o r i z o n ta l  rows o f  c e l l s  w hich w ere a ls o  r a d ­

i a t i n g  i n  more o r  l e s s  u n ifo rm  rows from  th e  c e l l s  o f  th e  p h e llo g e n , 

fo rm in g  an a lm o st c o m p le te , l i g n i f i e d  sh e a th  below  th e  c o rk . The 

c e l l s  were i s o d ia m e t r ic  o r  somewhat e lo n g a te d  t a n g e n t i a l l y ,  m easu ring  

R 14  to  26 to  5A to  1 28 ^ , T 1 6 to  5 k -  to  62 to  I I Oj u ,  H 1 8  to  30 to  

50 to  80 jU and  B A to  5 to  15 to  28 p , They e x h ib i t e d  f a i r l y  h e a v i ly  

and  u n ifo rm ly  l i g n i f i e d  and  s t r i a t e d  w a l ls  h a v in g  num erous, s im p le , 

t u b u la r  p i t s .  A s s o c ia te d  w ith  tlie  g roups o f  s c l e r e i d s  were g ro u p s o f  

th in - w a l le d  parenchym atous c e l l s  o f  s im i la r  s i z e ,  c o n ta in in g  o c c a s io n a l  

p r i s m a t ic  c r y s t a l s  o f  c a lc iu m  o x a la te  (F ig , 1 9 ) .

The c o r te x  was o b v io u s  i n  many s e c t io n s  and  o c c u p ie d  up to  one 

t h i r d  o f  th e  w id th  o f  th e  b a rk  i n  t h in  p ie c e s  (F ig . 1 6B) , b u t  i n  

t h ic k  p ie c e s  i t  was f r e q u e n t ly  i l l - d e f i n e d  and a c c o u n te d  f o r  a  much 

s m a lle r  p r o p o r t io n  o f  th e  b a rk  ( F ig .  1 6 c ) . I t  c o n s i s t e d  l a r g e ly  o f  

parenchym a, th e  c e l l s  o f which h ad  w a lls  o f  v a ry in g  th ic lo ie s s .  The 

c e l l s  were e lo n g a te d  t a n g e n t i a l l y ,  som etim es v e ry  m arked ly , and  i n
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p la c e s  were ce ra te n ch y ra a to u s  ( F ig s ,  20A and  B, and  21A and  B) . When 

th e  c o r te x  was o b v io u s , s c l e r e id s  were e i t h e r  a b s e n t ,  o r  p r e s e n t  i n  

sm a ll am ounts tow ards th e  i n n e r  l a y e r s .  I n  th ic k  p ie c e s  o f  b a rk  th e  

s c l e r e i d  l a y e r  o f  th e  p h e llo d e rm  was w e l l - d e f in e d  and  e x te n d e d  v e ry  

c lo s e  to  th e  s c l e r e i d  bands o f  th e  phloem . I n  such  c a s e s ,  a  few  

t a n g e n t i a l l y  and  a x i a l l y  e lo n g a te d  g roups o f  s c l e r e i d s  o c c u r re d  i n  

th e  c o r te x  s im i l a r  to  th o se  o f  th e  phloem , though  r a t h e r  s m a lle r ,  

such t h a t  th e  two c o u ld  n o t  alw ays be d i f f e r e n t i a t e d .  E x trem ely  

lo n g  f i b r e s  o c c u r re d  s in g ly  o r  i n  g ro u p s o f  two o r  t h r e e .  They were 

sp a rse  i n  th ic k  b a rk  b u t  abundan t i n  t h in  p ie c e s ,  and , i n  th e s e ,  

te n d e d  to  be i n  r a d i a l  rows (F ig s .  16A and B, and  20B) ; th e y  were 

th ic k - w a l le d  b u t  g e n e r a l ly  u n l ig n i f i e d ,  though many showed s l i g h t  

l i g n i f i c a t i o n  i n  th e  p rim a ry  w a l l  o n ly  and  i n  some v e ry  r a r e  c a s e s  

th e  e n t i r e  w a l l  was l i g n i f i e d .  The com plete  w a ll  showed c o n c e n tr ic  

r in g s  i n  t r a n s v e r s e  s e c t io n s  (F ig , 20B) and lo n g i tu d in a l  s t r i a t i o n s ,  

w hich were n o t  a lw ays d i s t i n c t ,  i n  l o n g i tu d in a l  s e c t io n s  (F ig .  21 B ). 

The w a l ls  e x h ib i te d  s in g le  s p i r a l  m ark in g s, o r  com plex m u lt ip le  

s p i r a l s  ru n n in g  i n  o p p o s ite  d i r e c t i o n s  on th e  same w a l l  g iv in g  a 

c r i s s - c r o s s  a p p e a ra n c e . I t  was presum ed t h a t  t h i s  e f f e c t  r e s u l t e d  

from  th e  s t r i a t i o n s  i n  th e  v a r io u s  la m e lla e  o f th e  seco n d a ry  w a ll
1 26ru n n in g  i n  d i f f e r e n t  d i r e c t i o n s ,  a s  d e s c r ib e d  by  M ühlet h a l e r  . The

f i b r e s  h ad  a  f a i r l y  u n ifo rm  d ia m e te r , though o c c a s io n a l ly  b u lb o u s  

s w e ll in g s  a p p e a re d  n e a r  th e  ends and , v e ry  o c c a s io n a l ly ,  a t  i n t e r v a l s
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a lo n g  th e  le n g th s  o f  th e  f i b r e s .  The w a l ls  were more o r  l e s s  u n ifo rm ly

th ic k ,  so t h a t  th e  shape o f  th e  lumen fo llo w e d  th e  o u t l i n e  o f  th e

f i b r e ,  and g e n e r a l ly  c lo s e d  some le n g th  from  th e  end  o f  th e  f i b r e .

A t th e  end , p a r t  o f  th e  w a l l  was f r e q u e n t ly  c o n tin u e d  a s  a  th r e a d ­

l i k e  t a i l .  I n  l o n g i tu d in a l  s e c t io n s  and w ith  i s o l a t e d  f i b r e s ,  th e

p rim a ry  w a ll  was o c c a s io n a l ly  b ro k en  o f f  a t  th e  t i p ,  th e  seco n d ary  
»

w a ll  p r o j e c t in g  to  g iv e  a  c h a r a c t e r i s t i c  ap p ea ran ce  (F ig . 2 8 ) . The 

w a l ls  were p i t t e d  w ith  sim ple  p i t s  which were p a r t i c u l a r l y  o b v io u s  i n  

th e  s w e l l in g s ,  and  nodes w ere p r e s e n t  s im i la r  to  th o se  fo und  i n  f l a x  

f i b r e s .  As th e s e  nodes were o n ly  o b se rv ed  i n  i s o l a t e d  f i b r e s ,  t h a t  

i s  n o t  i n  s e c t i o n s ,  th e y  p ro b a b ly  r e s u l t e d  from  d i s t o r t i o n  o f  th e

f i b r e s  d u rin g  t h e i r  i s o l a t i o n .  (F ig . 2 2 ).

O c c a s io n a l ly , g e n e r a l ly  when o c c u r r in g  i n  a  g ro u p , th e  f i b r e s  

were su rro u n d e d  by a  sh e a th  o f  parenchym atous c e l l s  c o n ta in in g  p rism  

c r y s t a l s  o f  c a lc iu m  o x a la te  (F ig . 2 9 ).

51 52S im ila r  f i b r e s  have b een  r e p o r te d  i n  R a u w o lfia  s p e c ie s   ̂ •

Due to  th e  d i f f i c u l t y  i n  i s o l a t i n g  th e s e  v e ry  lo n g  f i b r e s  

i n t a c t ,  a f u l l  ran g e  o f  m easurem ents c o u ld  n o t  be co m piled . A lthough 

some were f a i r l y  s h o r t ,  a b o u t 2 mm., th e  le n g th  f r e q u e n t ly  exceeded  

10 mm., v a lu e s  o f  a b o u t 13*5 mm. b e in g  q u i te  common, w ith  o c c a s io n a l  

re a d in g s  up to  22 mm,, v /ith  D 10 to  21 to  59 to  62 ^  and  B A to  8 to  

1̂ 6 to  30 p .

More o r  l e s s  r e g u la r  p r is m a t ic  c r y s t a l s  o f  c a lc iu m  o x a la te ,
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m easu rin g  6 to  1 3 to  51 to  92 ^ , o c c u rre d  i n  th e  c o r t i c a l  parenchym a 

i n  g r e a t l y  v a ry in g  am ounts ( F ig s .  20A and  21 B ),

In  th e  phloem  were num erous, l a r g e ,  t a n g e n t i a l l y  and a x i a l l y  

e lo n g a te d  g ro u p s o f  s c l e r e i d s ,  w hich i n  m ost p ie c e s  o f  b a rk  were so 

la r g e  and  num erous t h a t  th e y  r a n  to g e th e r  fo rm in g  a  heavy  m ass. A f te r  

s o f te n in g  th e  t i s s u e s  by h e a t in g  w ith  9 p e r  c e n t  aqueous p o ta s s iu m  

h y d ro x id e  s o lu t io n ,  th e s e  s h e e ts  o f  s c l e r e id s  c o u ld  be r e a d i l y  rem oved 

from  th e  phloem  i n t a c t ,  showing o v a l p e r f o r a t i o n s  c o rre sp o n d in g  to  th e  

p o s i t i o n s  o f  th e  m e d u lla ry  r a y s .  The th ic k e r  th e  b a rk ,  th e  g r e a t e r  

was th e  p ro p o r t io n  o f  s c l e r e id s  p r e s e n t .  The in n e rm o s t phloem  was 

u s u a l ly  f r e e  from  l i g n i f i c a t i o n .  Most i n d iv id u a l  s c l e r e i d s  were 

l a r g e r  th a n  th o se  o f  th e  p h e llo d e rm , m easu ring  R 1A to  56 to  76 to  

196 ju , T 18  to  5A to  78 to  1 96 p , H 1 8 to  57 to  119 to  3OO jU and B 6 

to  12 to  2A to  A8 /J. The w a l ls  were h e a v i ly  l i g n i f i e d ,  th e  lumen b e in g  

c o rre s p o n d in g ly  v e ry  much re d u c e d , and th e  s t r i a t i o n s  which were 

u n ifo rm  i n  th e  sm a ll c e l l s ,  w ere much d i s t o r t e d  i n  th e  l a r g e r  s c l e r ­

e id s .  Sm all c e l l s  were u n ifo rm  and i s o d ia m e t r i c ,  b u t  th e y  became 

in c r e a s in g ly  i r r e g u l a r  w ith  in c r e a s e  i n  s i z e ,  th e  l a r g e s t  b e in g  t o r ­

tu o u s  and b ra n c h e d , in te rm e s h in g  and  im p a r tin g  g r e a t  s t r e n g th  to  th e  

s h e e ts .  T h is  to r tu o u s  ap p ea ran ce  was b e s t  se en  a f t e r  d i s i n t e g r a t i o n  

and e x a m in a tio n  o f  th e  i s o l a t e d  e le m e n ts . The w a l ls  e x h ib i t e d  num erous 

sim ple  and b ra n c h e d  p i t s .  ( F ig s .  23, 24A, 29A and 27) .

N arrow , e lo n g a te d , l i g n i f i e d  s c l e r e id s  o c c u r re d  on th e  edges o f
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some o f  th e  s o l e r e i d  g roups tow ards th e  in n e r  phloem , o r  i n  s e p a ra te  

sm a ll g ro u p s (F ig . 25A) . I n  a  v e ry  few s c l e r e id s  th e  lumen was f i l l e d  

w ith  an o ra n g e , am orphous su b s ta n c e  (F ig , 2 9 ) .

C e l l s  o f  th e  abundan t phloem parenchym a v a r ie d  from  th in  to  

th ic k - w a l le d ,  th e  w a l ls  b e in g  o c c a s io n a l ly  b ead ed . The c e l l s  were 

somewhat e lo n g a te d  t a n g e n t i a l l y  and m arkedly  e lo n g a te d  a x i a l l y ,  

e s p e c i a l l y  th o se  o f  th e  in n e r  phloem , (F ig s .  23 , 24A and B, 25A, B 

and C, and 2 6 k  and B) .

Numerous l a t e x  v e s s e l s  were a ls o  p r e s e n t  i n  th e  phloem , th e  

w id e s t  o c c u r r in g  i n  th e  o u te r  phloem . They c o n s i s t e d  o f  s im p le , 

unbranohed  tu b e s  ru n n in g  a x i a l l y ,  o f  in d e te rm in a te  le n g th ,  w ith  

s l i g h t l y  th ic k e n e d , somewhat r e f r a c t i v e  w a l ls .  Only th o se  v /ith  

abundan t g r a n u la r  c o n te n t  c o u ld  be p o s i t i v e l y  i d e n t i f i e d  and  th e  

d ia m e te rs  o f  th o se  m easured  v a r ie d  from  a b o u t 20 ju to  60 jU , th e  

m a jo r i ty  b e in g  betw een  22 and 28 A • (F ig s .  23 and 26A) .

P r is m a tic  c r y s t a l s  o f  c a lc iu m  o x a la te  o c c u r re d  in f r e q u e n t ly  

i n  th e  o u te r  phloem  (F ig s .  24A and  B ), b u t  were a lm o s t alw ays 

p r e s e n t  i n  th e  in n e rm o s t phloem  a s  lo n g , p r i s m a t ic  n e e d le s  ly in g  

i n  m arkedly  a x i a l l y  e lo n g a te d  c e l l s  o f  th e  phloem  parenchym a, th e re  

f r e q u e n t ly  b e in g  more th a n  one c r y s t a l  p e r  c e l l  ( F ig s .  29A and  26B -  

Type B ). These c r y s t a l s  were r e s p o n s ib le  f o r  th e  g l i s t e n i n g  p o in ts  

v i s i b l e  on th e  in n e r  s u r fa c e  o f  th e  b a rk . I n t a c t  n e e d le s  were 

e i t h e r  p o in te d  a t  b o th  ends o r  p o in té e  a t  one end  and n o tc h e d  a t
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th e  o th e r .  They m easured  32 to  59 to  1 65 to  356 i n  le n g th  and 2

to  9 to  27 to  58 p i n  b r e a d th .  (F ig . 29) .

The m e d u lla ry  r a y s  w ere more o r  l e s s  s t r a i ^ t ,  w id en in g  o n ly  

s l i g h t l y  to w ard s th e  c o r te x ,  a s  seen  i n  t r a n s v e r s e  s e c t io n .  They

were m arkedly  h e te ro g e n e o u s , m ost c l e a r l y  o b se rv e d  i n  t a n g e n t i a l

lo n g i tu d in a l  s e c t io n s ,  c o n s i s t in g  o f  two s i z e s  o f  c e l l s ,  one (Type 

a )  b e in g  much s m a lle r  th a n  th e  o th e r  (Type b ) . I n  t r a n s v e r s e  s e c ­

t i o n ,  th e  sm a ll c e l l s  h a d  s l i g h t l y  th ic k e n e d , f r e q u e n t ly  wavy w a l ls  

w ith  few  a i r  sp a ce s  betw een  th e  c e l l s  and form ed r a y s  1 to  6 c e l l s  

w ide , though n o rm a lly  3 - o e l le d  th ro u g h o u t m ost o f  t h e i r  le n g th  

(F ig s .  23 and  2/fA and B) . The la r g e  c e l l s  h ad  s l i g h t l y  th i c k e r  

w a l ls  w hich w ere r a r e l y  wavy and form ed u n i s e r i a t e  r a y s  (F ig . 24B).

I n  r a d i a l  l o n g i tu d in a l  s e c t io n ,  th e  sm a ll c e l l s  e x h ib i t e d  the  c h a r ­

a c t e r i s t i c  * b r io k -w a l l ' fo rm a tio n  b e in g  i n  r a y s ,  o c c a s io n a l ly  o n ly  

a few c e l l s  deep , b u t  n o rm a lly  ab o u t 10 to  12 c e l l s  deep ( F ig s .  25A 

and 26A ), The la r g e  c e l l s  h ad  a  s im i la r  a rran g em en t and were s i t u a t e d  

above and below  th e  r a y s  o f  sm a ll c e l l s ,  though  th e y  w ere f r e q u e n t ly  

d i f f i c u l t  to  d i s t in g u i s h .  I n  t a n g e n t i a l  lo n g i tu d in a l  s e c t io n ,  th e  

sm a ll c e l l s  a p p e a re d  a s  norm al su b -o v a l a r e a s ,  g e n e r a l ly  ab o u t A to  

6 c e l l s  w ide and  6 to  12 c e l l s  deep , and th e  la r g e  c e l l s  o c c u rre d  a s  

u n i s e r i a t e ,  a x i a l  r a y s  o f  a x i a l l y  e lo n g a te d  c e l l s ,  l in lc in g  g roups o f  

sm a ll c e l l s  (F ig .  26b) , O c c a s io n a lly  b o th  ty p e s  o f  c e l l  h a d  some 

y e llo w , g r a n u la r  c o n te n t .  C e l ls  o f  Type A m easured  R 20 to  36 to  60
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to  94- jU, T 6 to  13 to  23 to  4-0 u  and H 10 to  14- to  22 to  30 /./ , and 

th o se  o f  Type B m easured  R 8 to  18 to  34- to  56 jU , T 14. to  26 to  50 

to  86 lu and  H 18 to  32 to  56 to  9 0  [à  ,

S ie v e - tu b e s ,  i n  th in n e r  p ie c e s  o f  h a rk , w ere th in - w a ] le d ,  f a i r l y  

u n ifo rm ly  wide s t r u c t u r e s ,  w ith  o b liq u e  e n d -w a lls  h a v in g  la r g e  s ie v e -  

a r e a s  (F ig s .  25A and B, and 26b) , I n  th ic k e r  b a rk ,  th e  tube  w a l ls

were t h i c k e r ,  and num erous, l a r g e ,  o v a l s ie v e - a r e a s  o c c u rre d  on th e

s id e - w a l l s  a s  w e ll  a s  on th e  e n d -w a lls ;  th e  fo rm er were f r e q u e n t ly  

d i s t r i b u t e d  a lo n g  th e  e n t i r e  le n g th  o f th e  tube  (F ig ,  25C ). S ince  

o n ly  tu b e s  show ing s i e v e - p l a t e s  c l e a r l y  c o u ld  be p o s i t i v e l y  i d e n t i f i e d ,  

th e  f u l l  ran g e  o f  m easurem ents c o u ld  n o t  be co m p iled ; hovæ ver, th e  

d ia m e te rs  o f th o se  m easured  v a r ie d  from  a b o u t 11 fu  to  3 7 ju , th e  

m a jo r i ty  b e in g  i n  th e  ran g e  1 8 to  2 2  ju  ,

S ta rc h  g r a in s  o c c u r re d  i n  v e ry  v a r ia b le  q u a n t i t i e s  i n  th e  c o r ­

t i c a l  parenchym a, phloem  parenchym a and  m ed u lla ry  r a y s ,  th e  b u lk  

u s u a l ly  b e in g  i n  th e  c o r te x  b u t  th e  d i s t r i b u t i o n  was a s  v a r ia b le  a s

th e  q u a n t i ty ;  i n  some c a s e s  i t  was v i r t u a l l y  c o n f in e d  to  th e  p a re n ­

chyma o f  th e  c o r te x  and th e  phloem , b u t  e lsew h e re  i t  was c o n f in e d  to  

th e  c e l l s  o f  th e  m e d u lla ry  r a y s .  The g r a in s  were s u b - s p h e r ic a l ,  o r  

p o ly h e d ra l  w ith  ro u n d ed  e d g e s , b u t  many were compound w ith  two to  

f o u r  com ponen ts . The h ilum  a p p e a re d  a s  a  c e n t r a l  p o in t  o r ,  i n  th e  

c ase  o f  l a r g e r  g r a in s ,  a s  a s h o r t  l i n e ,  a lth o u g h  i t  was f r e q u e n t ly  

i n d i s t i n c t .  S t r i a t i o n s  were a b s e n t .  S in g le  g r a in s  m easured  2 to  k
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to  8  to  1 8  JU i n  d ia m e te r ;  oompound g r a in s  h ad  a  maximum d ia m e te r  o f  

ab o u t 8 to  m ost b e in g  ab o u t 1 2 jU . ( F ig .  2 8 ) .
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F ig .  1 6 .

D iagram m atio t r a n s v e r s e  s e c t io n s  o f  th e  h a rk  

o f  V .s o h w e in fu r th i i  i l l u s t r a t i n g  th e  d i s t r i b u t i o n  

o f  t i s s u e s .

A, b a rk  w ith  w e ll-d e v e lo p e d  rh y tid o m e .

B, t h in  b a rk ,

C, th ic k  b a rk .

(  X 32 )

ok, c o rk ; op; c o r t i c a l  parenchym a; f ,  f i b r e ;  
mr, m e d u lla ry  r a y ;  ox , c r y s t a l  o f  c a lc iu m  
o x a la te ;  p ,  parenchym a; p d , p h e llo d e rm ; p p . 
phloem  parenchym a; r y ,  rh y tid o m e ; group 
o f  s o l e r e id s .
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F ig . 17 .

D iagram m atic r a d i a l  l o n g i tu d in a l  s e c t io n s  o f  

th e  h a rk  o f  V .s c h w a in fu r th i i  i l l u s t r a t i n g  th e  

d i s t r i b u t i o n  o f t i s s u e s ,

A, b a rk  v /ith  w e ll-d e v e lo p e d  rh y tid o m e .

B, t h in  b a rk ,

C, th ic k  b a rk .

( X 22 )

ck , c o rk ; op, c o r t i c a l  parenchym a; f , f i b r e ;  
mr, m ed u lla ry  r a y ;  ox , c r y s t a l  o f  ca lc iu m  
o x a la te ;  p d , p h e llo d e rm ; p p , phloem  parenchym a; 
r y ,  rh y tid o m e; p c , group o f  s c l e r e id s .
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F ig . 1 8 .

T ra n sv e rse  s e c t io n  o f  th e  rh y tid o m e , c o rk , 

p h e llo g e n  and p h e llo d e rm  o f  th e  h a rk  o f  

V .s o h w e in f u r th i i .

( X 250 )

ck , c o rk ; o x .a , c r y s t a l  o f  ca lc iu m  o x a la te  
^Type A) ; parenchym a; p h , p h e llo g e n ; 
p .p d . parenchym a o f  th e  p h e llo d e rm ; r y . 
rh y tid o m e; p p , s o l e r e id ;  s c .p d . s c l e r e id  
o f  th e  p h e llo d e rm .
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F ig .  19 .

R a d ia l  lo n g i tu d in a l  s e c t io n  o f  th e  c o rk , 

p h e llo g e n , p h e llo d e rm  and o u te rm o s t c o r te x  

o f  th e  b a rk  o f  V .s o h w e in f u r th i i .

( X 250 )

a ,  a i r  sp ace ; ck , c o rk ; o p . c o r t i c a l  parenchym a; 
o x .a , c r y s t a l  o f  c a lc iu m  o x a la te  (Type A ); p h . 
p h e llo g e n ; p .p d . parenchym a o f  th e  p h e llo d e rm ; 
s c .p d . s c l e r e i d  o f  th e  p h e llo d e rm .
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F ig ,  20, A and B.

T ra n sv e rse  s e c t io n s  o f  th e  c o r te x  o f  th e  h a rk  

o f  V. sohw einf u r t h i i .

( X 250 )

a , a i r  sp ace ; p e r ,  cera ten ch y m a; c p , c o r t i c a l  
parenchym a; f ,  f i b r e ;  l a t , l a t e x  v e s s e l ;  o x .a . 
c r y s t a l  o f  c a lc iu m  o x a la te  (Type A ); p p , s c l e r e id .
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F ig ,  21 , A and  B,

R a d ia l  lo n g i tu d in a l  s e c t io n s  o f  th e  c o r te x  

o f  th e  b a rk  o f  V .s o h w e in f u r th i i ,

( X 250 )

a , a i r  space ; p e r ,  c era ten ch y m a; cp , c o r t i c a l  
parenchym a; f , f i b r e ;  o x .a . c r y s t a l  o f  c a lc iu m  
o x a la te  (Type A ),



B

I
Q

-?ccr

ox.a
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F ig ,  22.

Fragm ents o f  f i b r e s  i s o l a t e d  from  th e  c o r te x  

o f  th e  b a rk  o f  V. ŝo h v /e in fu rt h i i .

(  X 250 )

1 , lumenj* n , node; p t ,  p i t ;  pw, p rim a ry  w a ll ;  
sp , s p i r a l  m ark in g s; sw, seco n d ary  w a l l ;  t ,  
th r e a d - l i k e  t a i l .
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F ig . 25.

T ran sv e rse  s e c t io n  o f  th e  o u te r  phloem  o f  th e  

h a rk  o f  V. s o h w e in f iy th i i .

( X 250 )

a ,  a i r  sp ace ; h , headed  w a l l ;  l a t , l a t e x  v e s s e l ;  
m r .a , m ed u lla ry  r a y  ( c e l l s  o f  Type A) ; phloem  
parenchym a ; s i e v e - a r e a ;  s o . s o l e r e id ;  s t .
s ie v Q -tu h e .



mr.a
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F ig .  24.

T ra n sv e rse  s e c t io n s  o f  th e  phloem  o f  th e  h a rk  

o f  V .s o h w e in f u r th i i .

A. m iddle phloem .

B. in n e r  phloem ,

( X 250 )

a ,  a i r  sp ace ; b , beaded  w a l l ;  m r .a . m ed u lla ry  r a y  
%"cells o f  Type A) ; m r .b . m e d u lla ry  r a y  ( c e l l s  o f  
Type B) ; ox , c r y s t a l  o f  c a lc iu m  o x a la te ;  o x .a . 
c r y s t a l  o f  c a lc iu m  o x a la te  (Type A ) ; p p . phloem  
parenchym a; s ie v e - a r e a ;  s o le r e id ;  s t .
s ie v e - tu b e .



mr.a

ox.a

B

mr.a
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F ig .  25.

R a d ia l  l o n g i tu d in a l  s e c t io n s  o f  th e  phloem  o f  

th e  h a rk  o f  V .s o h w e in f u r th i i ,

A. o u te r  phloem .

B. in n e r  phloem from  t h i n  h a rk ,

C. in n e r  phloem  from  th ic k  hark*

( X  250 )

h , headed  w a l l ;  e* s o . e lo n g a te d  s o l e r e i d ;  m r .a . 
m ed u lla ry  ra y  ( c e l l s  o f  Type A ); o x .a . c r y s t a l  
o f  oalo ium  o x a la te  (Type A) ; o x ^ . c r y s t a l  o f  
c a lc iu m  o x a la te  (Type B ); p p , phloem  parenchym a; 
s a . s i e v e - a r e a ;  _so, s o l e r e id ;  j p ,  s i e v e - p l a t e ;  

s ie v e - tu h e .



y

l

s
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F ig ,  26 ,

L o n g itu d in a l  s e c t io n s  o f  th e  in n e r  phloem  o f  

th e  b a rk  o f  V .s o h w e in f u r th i i .

A, r a d i a l  l o n g i tu d in a l  s e c t io n .

B. t a n g e n t i a l  l o n g i tu d in a l  s e c t io n ,

( X  250 )

b , beaded  w a l l ;  l a t . l a t e x  v e s s e l ;  m r ^ ,  
m ed u lla ry  r a y  ( c e l l s  o f  Type A) ; m r .b . med­
u l l a r y  r a y  ( c e l l s  o f  Type B) ; o x .b . c r y s t a l  
o f  oa lo ium  o x a la te  (Type B) ; p p , phloem  p a r ­
enchyma; sp , s i e v e - p l a t e ;  _st, s ie v e - tu b e .



st lat
B

mr.a mr.a
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F ig .  27.

I s o l a t e d s o l e r e id s  from  th e  b a rk  o f  

V .s o h w e ln f u r th i i ,

( X 250 )

b , p t . b ran ch ed  p i t ;  1 , lum en; £ t ,  p i t ,
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Powder

The c o lo u r  o f  a  No. 60 powder o f  th e  stem  h a rk  o f  V. s o h w e in fu r th i i  

v a r ie d  from  l i g h t  brown to  p a le  y e llo w is h  brow n. The odour was s l i g h t  

and m usty , and  th e  t a s t e  f a i n t l y  b i t t e r .  I n  t e x tu r e  i t  was v e ry  g r i t t y  

and f i b r o u s ,  i t s  f ib r o u s  n a tu r e  b e in g  a c c e n tu a te d  by  th e  o c c u rre n c e  o f 

o c c a s io n a l  ta n g le d  m asses .

When m ounted i n  d i l u t e  g ly c e r o l ,  th e  powder was seen  to  c o n s i s t  

o f  g re y is h  m asses o f  parenchym a, orange to  brown s h e e ts  o f  c o rk , p&le 

y e llo w  g ro u p s o f  s c l e r e id s  and  e lo n g a te d  p ie c e s  o f  f i b r e s .  A lso  p r e s e n t  

were num erous p r i s m a t ic  c r y s t a l s ,  b o th  nee d i e - l i k e  and  c u b ic a l ,  and  

num erous g ra n u le s  which s t a in e d  b lu e  w ith  d i l u t e  s o lu t io n  o f  io d in e ,  

showing them to  be s t a r c h .  These s ta r c h  g r a in s  o c c u r re d  b o th  f r e e  and 

e n c lo s e d  i n  parenchym atous c e l l s .  They o c c u rre d  p r im a r i ly  a s  s in g le  

g r a in s ,  s u b s p h e r ic a l ,  o v a l o r  p o ly h e d ra l  v d th  ro u n d ed  e d g es , and  a s  

compound g r a in s  o f  two to  f o u r  com ponents. When a p p a re n t  th e  h ilu m  

was a c e n t r a l  p o i n t ,  o r  a  s h o r t  l i n e  i n  some o f  th e  l a r g e r ,  more o v a l 

g r a in s .

Y/hen s t a in e d  w ith  s o lu t io n  o f  p h lo r o g lu o in o l  and h y d ro c h lo r ic  

a c id ,  ab u n d an t l i g n i f i e d t i s s u e  was seen  to  be p r e s e n t .  Most s t r o n g ly  

s t a in e d  w ere th e  g ro u p s o f  s c l e r e id s  and a ls o  some i s o l a t e d  s to n e  c e l l s ;  

th e  c o rk  s t a in e d  pinlc to  deep r e d ;  and th e  f i b r e s ,  a lth o u g h  f r e q u e n t ly  

showing no s t a in i n g ,  g e n e r a l ly  were pinlc i n  th e  p r im a ry  w a ll  and
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o c c a s io n a l ly  s t a in e d  r e d  i n  th e  e n t i r e  w a l l .  A v e ry  few  fra g m e n ts  o f  

v e s s e l s ,  from  t r a c e s  o f  a d h e re n t  xylem , were s t a in e d  r e d .

To a llo w  a more d e t a i l e d  s tu d y  o f  th e  c e l l  s t r u c t u r e s ,  th e  

powder was c le a r e d  w ith  c h lo r a l  h y d ra te  s o lu t io n .  Abundant* m asses 

o f  c o rk  w ere p r e s e n t .  T hese v a r i e d  i n  c o lo u r  from  b e in g  a lm o s t 

c o lo u r l e s s  to  b ro w n ish  o range  o r  brow n. The c e l l s  were m o d e ra te ly  

th io k - w a l le d  and  p o ly g o n a l i n  o u t l i n e ,  when se en  i n  s u r f a c e  v iew , 

b u t  i n  s e c t io n  th e  m asses c o n s i s te d  o f  r e g u la r  row s o f  t a b u la r  c e l l s .  

V ery  o c c a s io n a l ,  b u t  m arked, b e a d in g  was o b se rv e d  on some o f  th e  c e l l  

w a l ls  when seen  i n  s u r fa c e  v iew .

Numerous m asses o f  parenchym atous c e l l s  w ere p r e s e n t ,  a  few  

h a v in g  b ro w n ish  y e llo w , wavy w a l l s ,  p resum ab ly  from  rh y tid o m e , b u t  

m ost b e in g  c o lo u r l e s s .  The w a l ls  were m ain ly  smooth though  o f  v a r i ­

a b le  th ic k n e s s ,  b u t  some o f  th e  th ic k e r - w a l le d  c e l l s  h a d  m arked and  

ab u n d an t b e a d in g . O c c a s io n a l ly  th e  c e l l s  had  s t r a p - l i k e ,  u n l i g n i f i e d  

th ic k e n in g .  The c e l l s  w ere u s u a l ly  s u b s p h e r ic a l  b u t  w ith  r e l a t i v e l y  

few  a i r  sp a c e s , o r  e lo n g a te d , som etim es m arked ly , a s  when a s s o c ia t e d  

w ith  s i e v e - t i s s u e .  A few  c e l l s  c o n ta in e d  r e g u l a r ,  p r i s m a t ic  c r y s t a l s  

o f  c a lc iu m  o x a la te .

A bundant s c l e r e id s  w ere p r e s e n t  a s  s in g le  c e l l s ,  sm a ll clum ps 

o f  a  few  c e l l s ,  and  l a r g e  m asses o f  num erous c e l l s .  I n d iv id u a l  c e l l s  

v a r ie d  g r e a t l y  i n  ap p ea ran ce  from  b e in g  r a t h e r  sm a ll w ith  q u i te  u n i ­

fo rm ly  th ic k e n e d , c o lo u r l e s s  w a l ls  and  sim p le  t u b u la r  p i t s ,  to  v e ry
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l a r g e  c e l l s  w ith  h e a v i ly  th ic k e n e d , y e llo w is h  and , o c c a s io n a l ly ,  hrovm- 

i s h  w a l ls ,  i r r e g u l a r l y  shaped  lum ens, and num erous b ra n c h e d  p i t s .  The 

s m a lle r  c e l l s  w ere u s u a l ly  more o r  l e s s  i s o  d ia m e tr ic  w ith  u n ifo rm ly  

s t r i a t e d  w a l ls  b u t  th e  l a r g e r  c e l l s  were f r e q u e n t ly  v e ry  i r r e g u l a r  i n  

shape w ith  c o rre s p o n d in g ly  d i s t o r t e d  s t r i a t i o n s .  A few  c e l l s  were 

e lo n g a te d , g iv in g  them a f i b r o u s  a p p e a ra n c e . O c c a s io n a l ly  th e  lumen 

o f  some o f  th e  s m a lle r  c e l l s  was f i l l e d  w ith  a  b ro w n ish  o ra n g e , am­

orphous c o n te n t .

Many p ie c e s  o f  phloem  t i s s u e  were se e n , c o n s i s t in g  m ain ly  o f  

e lo n g a te d  parenchym a and s t r a i g h t ,  u n ifo rm ly  v id e  s ie v e - tu b e s .  The 

s ie v e - tu b e s  h ad  f a i r l y  t h i n  w a l ls  o r  s l i g h t l y  th ic k e n e d  w a l ls  and 

s e v e ra l  showed o v a l s i e v e - a r e a s  on t h e i r  o b liq u e  e n d -w a lls  and , much 

l e s s  f r e q u e n t ly ,  on t h e i r  s id e - w a l l s .  Many a x i a l l y  e lo n g a te d  c e l l s  

o f the  phloem  parenchym a c o n ta in e d  e lo n g a te d  p r i s m a t ic  c r y s t a l s  o f  

ca lc iu m  o x a la te ,  th e s e  b e in g  f r e q u e n t ly  p o in te d  a t  e i t h e r  end  o r ,  i n  

th e  l a r g e r  o n e s , p o in te d  a t  one end  and  c l e f t  a t  the  o th e r .  Many 

were b ro k e n .

The p ie c e s  o f  phloem  t i s s u e  were f r e q u e n t ly  c ro s s e d  a t  r i g h t  

a n g le s  by m e d u lla ry  r a y s ,  b o th  ty p e s  o f  m ed u lla ry  r a y  c e l l s  b e in g  

o b v io u s ( v id e  su p ra ) . Type A c e l l s  were sm a ll , w ith  t h i n ,  o f te n  wavy 

w a l ls ,  and c ro s s e d  th e  phloem  i n  r e g u la r ly  a r ra n g e d  'b r ic k -w a l l*  form ­

a t i o n ,  1 to  12 rows deep . Type B c e l l s  were l a r g e r ,  b u t  a ls o  t h i n -  

w a lle d , and  f r e q u e n t ly  a p p e a re d  above and below  the  Type A c e l l s ,  i n
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a  s im i l a r  a rra n g e m e n t. More o f t e n ,  how ever, th e y  a p p e a re d  on one s id e  

o f  th e  ]ÿ p e  A c e l l s  o n ly . The r a y s  o f te n  a p p e a re d  c u t  t a n g e n t i a l l y ,  

th e  Type A c e l l s  fo rm in g  an  o v a l  p l a t e  o f  s m a ll , ro u n d  c e l l s  w ith  

f r e q u e n t  sm a ll a i r  sp a c e s , w ith  a  s in g le  row o f  c e l l s  o f  Type B ex ­

te n d in g  above and  be low , w hich o f te n  co n n ec te d  w ith  a  second  group  o f  

Type A c e l l s .  B oth ty p e s  o f  c e l l s  o c c a s io n a l ly  h a d  y e llo w is h  c o n te n t .

V ery o c c a s io n a l  p ie c e s  o f  l a t e x  v e s s e l s  were seen  a s s o c ia t e d  

w ith  phloem  parenchym a. These h ad  s l i g h t l y  th ic k e n e d , smooth w a lls  

and , i n  p a r t s ,  h ad  g r e y is h  g r a n u la r  c o n te n t .

Numerous f ra g m e n ts  o f  c o r t i c a l  f i b r e s  were p r e s e n t .  These w ere 

v e ry  lo n g , u n ifo rm ly  th ic k - w a l le d  c e l l s  w ith  o c c a s io n a l  b u lb o u s  s w e l l ­

in g s ,  p a r t i c u l a r l y  n e a r  th e  e n d s . They o c c u rre d  m ost o f te n  s in g ly  b u t  

were som etim es i n  sm a ll g ro u p s . The lum ens were u n ifo rm ly  wide e x c e p t 

i n  th e  s w e l l in g s .  The w a l ls  were l o n g i t u d i n a l l y  s t r i a t e d  and , i n  many 

c a s e s ,  were m arked by compound c r i s s - c r o s s  s p i r a l s .  The ends were 

som etim es b lu n t  b u t  more o f te n  ta p e r e d  f i n e l y .  A t many b ro k en  ends 

th e  seco n d ary  w a l l  p r o je c te d  beyond th e  b ro k e n -o f f  p rim a ry  w a l l .  V ery 

o c c a s io n a l  g ro u p s  o f  f i b r e s  w ere su rro u n d ed  by a sh e a th  o f  p a re n ch y ­

m atous c e l l s  c o n ta in in g  sm a ll p rism  c r y s t a l s  o f  c a lc iu m  o x a la te .

Numerous c r y s t a l s  o f  c a lc iu m  o x a la te  o f  b o th  ty p e s ,  a c i c u l a r  

and  c u b ic a l ,  were s c a t t e r e d  f r e e  i n  th e  pov/der, th e  fo rm e r f r e q u e n t ly  

b e in g  b ro k en .

A v e ry  few  wide v e s s e l s  were o b se rv ed , w ith  num erous, r e g u la r ly
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a r ra n g e d , s l i t  p i t s .  I t  i s  presum ed t h a t  th e s e  came from  fra g m e n ts  o f 

wood fo rm e r ly  a d h e r in g  to  th e  in n e r  s u r fa c e  o f  some p ie c e s  o f  h a rk , 

a lth o u g h  th e  p re se n c e  o f  a d h e re n t  wood was n o t  o b se rv e d  i n  th e  m acro­

sc o p ic  a l  e x a m in a tio n  o f  th e  b a rk .

The c h a r a c te r s  o f  th e  powder a re  i l l u s t r a t e d  i n  f i g u r e s  28 and 29*
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F ig .  28.

S t r u c tu r e s  p r e s e n t  i n  th e  pow dered h a rk  o f

h , beaded  w a l l ;  ok , c o rk ; f ,  f i b r e  f ra g m e n t; 
m r .a . m e d u lla ry  r a y  ( c e l l s  o f  Type A ); m r .b . 
m ed u lla ry  r a y  ( c e l l s  o f  Type B) ; o x .b . c r y s t a l  
o f  oa lo ium  o x a la te  (Type B ); p ,  parenchym a; 
p p . phloem  parenchym a; p t ,  p i t ;  pw, p rim a ry  
w a l l ;  p ._ s1 r. parenchym a v /ith  s t r a p - l i k e  t h i c k ­
e n in g ; seco n d ary  w a l l ;  y ,  v e s s e l  fra g m e n t.

( ALL X 250 ) 

_s, s t a r c h  ( x 375 ) .



mr.a

ox.b

mr.a
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f i g .  29.

Stx*uotures p r e s e n t  i n  th e  pow dered h a rk  o f  

V. sohw einf u r t h i i  ( 2) .

( X 250 )

oo rk ; ok, t . c o rk  i n  t r a n s v e r s e  s e c t io n ;  
f , f i b r e  f ra g m e n t; o x ,a  ̂ c r y s t a l  o f  c a lc iu m  
o x a la te  (Type A) ; o x ^ ,  c r y s t a l  o f  oa lo ium  
o x a la te  (Type B) ; p ,  parenchym a; so , s o le r e id ;  
80. 0 . s o l e r e i d  v /ith  amorphous c o n te n t .



see

ck.t

ox.a
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M acros o o p io a l  s t r u c tu r e

L ess  v a r i a t i o n  was shown among th e  v a r io u s  in d iv id u a l  p ie c e s  o f  

h a rk  o f  t h i s  s p e c ie s  th a n  among th o se  o f  V. sohw ein f u r t h i i  and  th e y  

were c l e a r l y  a l l  from  f a i r l y  s le n d e r  s tem s, none c o rre sp o n d in g  to  th e  

la r g e  t h ic k  p ie c e s ,  o b v io u s ly  from  stem s o f  c o n s id e ra b le  g i r t h ,  p r e ­

v a le n t  i n  th e  sam ples o f  t h i s  o th e r  s p e c ie s .  Most p ie c e s  were 1 to  

2 cm. b ro a d , a  few  b e in g  l e s s  th a n  1 cm ., down to  0 .3  cm. i n  some v e ry  

t h in  p ie c e s  o f  b a rk , and  o c c a s io n a l  p ie c e s  up to  2 .5  cm. The le n g th  

was n o t  v e ry  v a r i a b l e ,  m ost p ie c e s  b e in g  6 to  10 cm. lo n g , though some 

p ie c e s  were o n ly  2 to  3 oni. and  a  few  p ie c e s  o f  b ra n c h  b a rk  were up 

to  15 cm. lo n g . Most p ie c e s  w ere 1 to  2 mm. th ic k ,  w ith  o c c a s io n a l  

p ie c e s  up to  k  mm. The p ie c e s  were a l l  more o r  l e s s  c u rv e d , th e  m aj­

o r i t y  o f th e  p ie c e s  b e in g  c h a n n e lle d  and  th e  t h i n  b ra n c h  b a rk  q u i l l e d .

The o u te r  su r fa c e  was g r e y is h  brown and r e l a t i v e l y  sm ooth, 

e x c e p t f o r  o c c a s io n a l  p a tc h e s  o f  ro u g h , brown rhy tidom e w hich was 

p r e s e n t  on some o f  th e  l a r g e r  p ie c e s .  Numerous f i n e ,  o r ,  o c c a s io n a l ly ,  

c o a rse  l o n g i tu d in a l  s t r i a t i o n s  were p r e s e n t  on m ost p i e c e s  and some 

p ie c e s  h ad  o c c a s io n a l  m arked t r a n s v e r s e  r id g e s .  Sm all w a rty  s p o ts  

were p r e s e n t ,  though  som etim es i n d i s t i n c t ,  m ost b e in g  ab o u t 1 mm. i n  

d ia m e te r  w ith  a v e ry  fevr up to  1 ,5  mm. and some, on th e  th in n e r  p ie c e s ,  

b e in g  l e s s  th a n  1 mm. The c o rk  showed no ten d en cy  to  e x f o l i a t e .

(P ig . 3 0 ) .
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V a rio u s  e p ip h y te s  were p r e s e n t  on m ost p i e c e s ,  in c lu d in g ,  m ost 

commonly, a  c lo s e ly  a d h e re n t ,  w h ite  l i c h e n ,  f r e q u e n t ly  w ith  ab u n d an t, 

ro u n d , b la c k  a p o th e o ia  and , l e s s  commonly, a  p a le  g re e n  l ic h e n .

The in n e r  s u r fa c e  was f a i r l y  smooth w ith  f a i n t ,  i r r e g u l a r  lo n g ­

i t u d i n a l  s t r i a t i o n s  w hich were o c c a s io n a l ly  a c c e n tu a te d  to  form  c o r r ­

u g a t io n s .  A lm ost a l l  p ie c e s  were p a le  faw n b u t  a  few  w ere d a rk  brow n, 

G -lis te n in g  p o i n t s ,  due to  th e  p re se n c e  o f  c r y s t a l s  o f  c a lc iu m  o x a la te ,  

were f r e q u e n t ly  a p p a re n t ,  (F ig* 15B ),

L arge p ie c e s  o f  b a rk  h ad  a f r a c t u r e  w hich was s h o r t  and g ra n u la r  

i n  b o th  c o r te x  and phloem , a lth o u g h  a ls o  s l i g h t l y  f i b r o u s  i n  th e  c o r te x ,  

t h i n  p ie c e s  were g e n e r a l ly  more b r i t t l e  and  th e  f r a c t u r e ,  though  s h o r t  

i n t e r n a l l y ,  was e x tre m e ly  f ib r o u s  i n  the  c o r te x .  I n  some v e ry  t h in  

p ie c e s  o f  b ra n c h  b a rk  th e  h ig h  c o n c e n tr a t io n  o f  f i b r e s  made i t  ex trem e­

l y  d i f f i c u l t  to  b re a k  them .

The b a rk  h a d  l i t t l e  odour and a  f a i n t l y  b i t t e r  t a s t e ,
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M ic ro so o p io a l s t r u c tu r e

From f o u r  s e p a ra te  sam ples o f  V .a f r i c a n a  r e p r e s e n ta t iv e  p ie c e s  o f  

h a rk  were ch o sen , th e  number o f  p ie c e s  chosen  from  each  sample depend­

in g  on i t s  s i z e ,  u n t i l  tw elve  p ie c e s  were o b ta in e d . A s im i la r  range  o f  

s e c t io n s  was p re p a re d  a s  d e s c r ib e d  f o r  V .s o h w e in f u r th i i . th e  m ethods 

o f  s e c t io n in g  and su b seq u en t t r e a tm e n t  a ls o  b e in g  a s  p r e v io u s ly  d e s c r ib e d .

The amount o f  oork  p r e s e n t  v a r ie d  from  5 l a y e r s  o f  c e l l s  up to  

a b o u t 24 i n  a  few  o a s e s ;  n o rm a lly  ab o u t 12 l a y e r s  were se en . I n  m ost 

p ie c e s  o f  b a rk  sm a ll g ro u p s o f  parenchym atous c e l l s  v d th  s l i g h t l y  t h i c k ­

en ed , b row n ish  w a l ls  were p r e s e n t  on th e  o u te r  s id e  o f  th e  c o rk , o c c a s ­

i o n a l l y  w ith  a s s o c ia te d ,  sm a ll g roups o f  s c l e r e i d s .  I n  p ie c e s  o f  b a rk  

w ith  p ro m in en t p a tc h e s  o f  rhy tidom e on th e  o u te r  s u r f a c e ,  s e c t io n in g  

th ro u g h  th o se  a re a s  showed th e  g ro u p s o f brown c e l l s  to  be l a r g e r  th a n  

e ls e w h e re , b e in g  up to  ab o u t 12 l a y e r s  th ic k .

The oork  c e l l s  o c c u rre d  i n  r e g u la r  r a d i a t e  row s and were c h a r ­

a c t e r i s t i c a l l y  t a b u l a r ,  e lo n g a te d  a x i a l l y  and t a n g e n t i a l l y .  The t a n ­

g e n t i a l  w a l ls  were much th ic k e r  (many b e in g  up to  4  th ic k )  th a n  the  

r a d i a l  w a l l s ,  th e  l a t t e r  u s u a l ly  b e in g  wavy. On r a r e  o c c a s io n s , v iew ing  

o f  the  c e l l s  i n  s u r fa c e  s e c t io n s  showed s l i g h t  b e a d in g  on th e  t a n g e n t i a l  

w a l ls .  The c e l l s  were l i g n i f i e d , s t a in in g  p in k  to  deep r e d  w ith  s o l ­

u t io n  o f  p h lo ro g lu o in o l  and  h y d ro c h lo r ic  a c id ,  and m easured  R 4 to  

1 6 to  24 to  T 10 to  27 to  45 to  66 p and H 8 to  23 to  37 to  60 p .
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The p h e llo g e n  was seldom  w e l l - d e f in e d  b u t ,  when a p p a re n t ,  c o n s i s te d  

o f  r e g u la r  th in - w a l le d  c e l l s ,  m o s tly  m easu ring  a b o u t R 7 to  1^  to  21 ju,

T 14 to  2^ to  38 jU and H 10 to  28 to  45 These c e l l s  f r e q u e n t ly  con­

ta in e d  p r ism  c r y s t a l s  o f c a lc iu m  o x a la te ,  m easu rin g  a b o u t 21 f j  i n  diam ­

e t e r .

The p h e llo d e rm  was w e l l - d e f in e d ,  c o n s i s t in g  l a r g e l y  o f  th in - w a l le d  

parenchym atous c e l l s  c o n ta in in g  o c c a s io n a l  p r i s m a t ic  c r y s t a l s  o f  ca lc iu m  

o x a la te .  I t  c o n ta in e d  a  d is c o n tin u o u s  band  o f  s c l e r e i d s ,  a d ja c e n t  to  

th e  o o rk , th e  c e l l s  r a r e l y  o c c u r r in g  s in g ly ,  more o f t e n  a s  g ro u p s o f  

a b o u t 4  c e l l s ,  b u t  m ost o f t e n  i n  la rg e  t a n g e n t i a l l y  e lo n g a te d  g roups 

o f  20 c e l l s  o r  m ore. The amount o f  sc lerenohym a was d i r e c t l y  p ro p o r­

t i o n a l  to  th e  th ic k n e s s  o f  th e  b a rk ,  such t h a t  i n  th e  t h i c k e r  p ie c e s  

th e  band  o f  s c l e r e id s  was a lm o s t c o n tin u o u s . The c e l l s  were more o r  

l e s s  i s o d ia m e tr io  o r  somewhat e lo n g a te d  t a n g e n t i a l l y ,  m easu ring  R 16 

to  29 to  51 to  80 ju, T 1 6 to  40 to _ 80 to  1 34 jU , H 1 6 to  30 to  54 to

98 ju and  B 6 to  10 to  18 to  32 ,u. They e x h ib i t e d  f a i r l y  h e a v i ly  and

u n ifo rm ly  l i g n i f i e d  w a l ls  h a v in g  num erous, s im p le , tu b u la r  p i t s .

The c o r te x  was w e l l - d e f in e d ,  occupying  up to  a lm o s t h a l f  th e  

w id th  o f  th e  b a rk  i n  some p ie c e s ,  more o f te n  occu p y in g  ab o u t one t h i r d .

I t  c o n s i s t e d  l a r g e l y  o f  parenchym a, th e  c e l l s  o f  w hich h ad  w a l ls  o f

v a ry in g  th ic k n e s s .  The c e l l s  were f r e q u e n t ly  e lo n g a te d  t a n g e n t i a l l y ,  

som etim es v e ry  m ark ed ly , and  i n  p la c e s  were c e ra te n c h y m a to u s . O ccas­

i o n a l l y  s c l e r e i d s  were p r e s e n t ,  e i t h e r  s in g ly  o r  i n  sm a ll g ro u p s ,
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m o stly  i n  th e  in n e r  l a y e r s  o f  th e  c o r te x .  E x trem ely  lo n g  f i b r e s  o c c u r re d

e i t h e r  s in g ly  o r  i n  g roups o f two o r  th r e e .  They were m ost num erous i n

th e  th in n e r  p ie c e s  o f  b a rk , b e in g  p a r t i c u l a r l y  ab u n d an t i n  th e  v e ry  t h in  

b ran ch  b a rk ,  te n d in g  to  be i n  r a d i a l  rows Vfhen p r e s e n t  i n  la r g e  num bers. 

T h e ir  ap p earan ce  and  s t r u c tu r e  were e x a c t ly  a s  d e s c r ib e d  f o r  th e  c o r t i ­

c a l  f i b r e s  o f  V ,s o h w e in f u r th i i . A lthough  some were f a i r l y  s h o r t ,  ab o u t 

2 mm., th e  le n g th  f r e q u e n t ly  ex ceed ed  10 mm., v a lu e s  ab o u t 14 mm, b e in g  

q u i te  common, w ith  o c c a s io n a l  r e a d in g s  up to  20 mm,, w ith  D 8 to  26 to  54

to  80 {u and  B 4  to  9 to  23 to  40 jU,

More o r  l e s s  c u b ic a l  p r i s m a t ic  c r y s t a l s  o f  c a lc iu m  o x a la te ,  6 to  

14 to  26 to  42 jU i n  b r e a d th ,  o c c u r re d  i n  th e  c o r t i c a l  parenchym a, i n  

g r e a t ly  v a ry in g  am ounts.

I n  th e  phloem  were num erous la r g e  g ro u p s o f s c l e r e id s  w hich were 

f r e q u e n t ly  fu s e d  to  form  s h e e ts  o f  l i g n i f i e d  t i s s u e ,  a s  d e s c r ib e d  f o r  

V ,s o h w e in f u r th i i . The ap p earan ce  o f th e  in d iv id u a l  c e l l s  was a ls o  a s  

d e s c r ib e d  f o r  th e  phloem  s c l e r e i d s  o f  t h a t  s p e c ie s .  N orm ally  s c l e r e id s  

were a b s e n t  from  th e  in n e rm o s t phloem . The s c l e r e i d s  m easured  R 18 

to  34 to  74 to  156 u , T 20 to  52 to  68 to  134 w, H 20 to  35 to  81 to  

1 82 f j  and  B 6 to  12 to  24 to  40 p .

C e lls  o f  th e  abundan t phloem  parenchym a v a r ie d  from  t h i n  to  

m o d e ra te ly  th ic k - w a l le d ,  th e  w a l ls  f r e q u e n t ly  b e in g  beaded ; th e y  were 

t a n g e n t i a l l y  e lo n g a te d  and m arked ly  a x i a l l y  e lo n g a te d , e s p e c i a l l y  i n  

th e  in n e r  phloem .
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Numerous l a t e x  v e s s e l s  were p r e s e n t  i n  th e  phloem , b e in g  v e ry  

s im i la r  i n  ap p ea ran ce  to  th o se  o f  V. s o h w e in f u r th i i . I n  d ia m e te r  th e y  

v a r ie d  from  a b o u t 21 ^ to  48 ju, th e  m a jo r i ty  b e in g  betw een  24 and 28 / j . 

C alcium  o x a la te  o c c u r re d  in f r e q u e n t ly  i n  th e  o u te r  phloem  a s  c u b ic a l  

c r y s t a l s ,  b u t  was a lm o s t a lw ays p r e s e n t  i n  th e  in n e rm o s t phloem  as 

s t o u t  a c i c u l a r  c r y s t a l s  ly in g  i n  a x i a l l y  e lo n g a te d  c e l l s  o f  th e  p a re n ­

chyma. T h e ir  ap p ea ran ce  was v e ry  s im i la r  to  th e  Type B c r y s t a l s  i n  

V♦ s c h v /e in fu r th i i  and th e y  m easured  20 to  92 to  1 72 to  278 ^  i n  le n g th  

and 4  to  9 to  19 to  30 P i n  b r e a d th .

The m e d u lla ry  r a y s  were g e n e r a l ly  s t r a i g h t  a s  seen  i n  t r a n s v e r s e  

s e c t io n ,  though a few  c u rv e d  a t  th e  c o r t i c a l  end , w id en in g  o n ly  s l i g h t l y  

tow ards th e  c o r t e x .  Seen i n  lo n g i tu d in a l  s e c t io n s ,  th e s e  were form ed

o f  two d i s t i n c t  s i z e s  o f  c e l l s  and form ed a s im i la r  p a t t e r n  to  th e

m e d u lla ry  r a y  c e l l s  o f  V. s o h w e in f u r th i i . The in d iv id u a l  c e l l s  o f  

b o th  ty p e s  were s im i l a r  i n  a p p ea ran ce  and c o n te n t  to  th o se  o f  V ,sohw ein -  

f u r t h i i . The s m a lle r  c e l l s .  Type A, m easured R 22 to  34 to  50 to  74 ju ,

T 8 to  18 to  30 to  46 jU and  H 12 to  18 to  26 to  48 ju and  th e  l a r g e r  

c e l l s ,  Type B, R 14  to  24 to  .36 to  5^ ju, T 1 6 to  27 to  45 to  82 I J and

H 24 to  35 to  65 to  1 24 jU,

S ie v e - tu b e s  were m ain ly  th in - w a l le d ,  u n ifo rm ly  wide s t r u c tu r e s  

w ith  o b liq u e  e n d -w a lls  h a v in g  la r g e  s i e v e - a r e a s .  I n  some o f  th e  

th ic k e r  p ie c e s  o f  b a rk  s e v e r a l  o f  the  l a r g e r  tu b e s  h ad  f a i r l y  th ic k  

w a l ls  w ith  o v a l s ie v e - a r e a s  on th e  s id e - w a l l s  a s  on th e  e n d -w a lls .
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The d ia m e te rs  o f  th o se  m easured  v a r ie d  from  a b o u t 10 ju to  28 jL( , th e  

m a jo r i ty  b e in g  i n  th e  ran g e  15 to  2 0  j j .

S ta rc h  g r a in s  o c c u rre d  i n  v e ry  v a r i a b le  q u a n t i t i e s  i n  th e  c o r t ­

i c a l  parenchym a, phloem  parenchym a an d , l e s s  commonly, m ed u lla ry  ra y  

c e l l s .  The g r a in s  were s u b s p h e r ic a l  o r  p o ly h e d ra l  w ith  rounded  e d g e s , 

b u t  a  c o n s id e ra b le  number o f  compound g r a in s ,  w ith  two to  f o u r  compon­

e n t s ,  were a ls o  p r e s e n t .  The h ilu m , v/hen d i s t i n c t ,  was m ost f r e q u e n t ly  

a c e n t r a l  p o in t  b u t  a p p ea re d  a s  a  s h o r t  l i n e  i n  some o f  th e  l a r g e r  

g r a in s .  S t r i a t i o n s  were a b s e n t .  S in g le  g r a in s  m easured  2 to  4  to  8 

to  14 ^ i n  d ia m e te r ;  compound g r a in s  h ad  a maxD.mum d ia m e te r  o f  ab o u t 

9 to  1 5 , m ost b e in g  a b o u t 1 2 jU ,

Due to  th e  o b s e rv a t io n  t h a t  th e  a n a to m ic a l s t r u c tu r e  o f  th e  

b a rk  o f  V .a f r i c a n a  was v e ry  c lo s e ly  s im i la r  to  t h a t  o f th e  b a rk  o f  

V ,s o h w e in f u r th i i . and  to  a v o id  u n n e c e ssa ry  r e p e t i t i o n ,  no d raw ings o f  

th e  v a r io u s  s e c t io n s  o f  V ,a f r i c a n a  b a rk  a re  r e c o rd e d . However, a 

b r i e f  d e s c r ip t io n  o f the  h i s t o l o g i c a l  s t r u c tu r e s  o f  t h i s  b a rk , a s  

seen  i n  s e c t io n s ,  i s  g iv e n  and , to  i l l u s t r a t e  th e  s i m i l a r i t i e s ,  

d raw ings accompany th e  d e s c r ip t io n  o f  th e  m ic ro s c o p ic a l  c h a r a c te r s  

o f  th e  pow dered b a rk .

C on v en tio n s u se d  f o r  r e c o rd in g  c e l l s  d im ensions a re  a s  b e fo r e .
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Powder

The c o lo u r  o f  a  No. 60 powder o f  th e  stem  h a rk  o f  V .a f r i c a n a  was 

p a le  y e llo w is h  brow n. The odour vms s l i g h t  and m usty and  th e  t a s t e 

o n ly  s l i g h t l y  b i t t e r .  I n  t e x tu r e  i t  was somev/hat g r i t t y  and ex tre m e ly  

f i b r o u s ,  f r e q u e n t  ta n g le d  m asses o f  f i b r e s  b e in g  p r e s e n t .

liVhen m ounted i n  d i l u t e  g ly c e r o l  the  powder c o n s i s t e d  o f  g re y is h  

m asses o f  parenchym a, b row n ish  o range s h e e ts  o f  o o rk , p a le  y e llo w  

groups o f  s c l e r e id s  and e lo n g a te d  p ie c e s  o f  f i b r e s .  A lso  p r e s e n t  

w ere num erous p r is m a t ic  c r y s t a l s ,  b o th  a c i c u l a r  and  c u b ic a l ,  and 

num erous g ra n u le s  w hich s ta in e d  b lu e  w ith  d i l u t e  s o lu t io n  o f io d in e ,  

showing them to  be s t a r c h .  The ap p ea ran ce  and  d i s t r i b u t i o n  o f th e  

s ta r c h  g ra n u le s  were s im i l a r  to  th o se  o f  th e  ,s t a r c h  g ra n u le s  p r e s e n t  

i n  th e  powder o f  V .s o h w e in f u r th i i .

Ydien s t a in e d  w ith  s o lu t io n  o f  p h lo ro g lu o in o l  and hyd i’o o h lo r io  

a c id ,  a  l a r g e  amount o f  l i g n i f i e d  t i s s u e  was seen  to  be p r e s e n t .  Most 

s t ro n g ly  s t a in e d  were th e  g ro u p s o f s c l e r e id s ,  and th e  many i s o l a t e d  

s to n e  c e l l s ;  th e  co rk  s ta in e d  pinlc to  deep r e d ;  th e  f i b r e s ,  a lth o u g h  

m ost f r e q u e n t ly  showing no s t a in in g  o r  s t a in in g  pinlc i n  th e  p rim a ry  

w a ll  o n ly , v e ry  o c c a s io n a l ly  s ta in e d  r e d  i n  th e  e n t i r e  w a l l .

To a llo w  a  more d e t a i l e d  s tu d y  o f  th e  c e l l  s t r u c t u r e s ,  th e  

powder was c le a r e d  w ith  c h lo r a l  h y d ra te  s o lu t io n .  Numerous m asses 

o f  c o rk  were p r e s e n t ,  v a ry in g  from  c o lo u r le s s  to  b row n ish  o ran g e .
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I n  s t r u c tu r e  th e  c e l l s  were s im i la r  to  th e  c o rk  c e l l s  o f  pow dered 

V. s o h w e in fu r th i i  b u t  beaded  w a l ls  were even r a r e r  th a n  i n  t h i s  o th e r  

s p e c ie s .

A bundant m asses o f  parenchym atous c e l l s  were p re s e n t^  a v e ry  

few  h a v in g  b row n ish  y e llo w , wavy w a l ls  b u t  m ost b e in g  c o lo u r l e s s .

The w a l ls  were m ain ly  sm ooth, v a ry in g  o n ly  s l i g h t l y  i n  th ic k n e s s ,  

some o f  th e  t h i c k e r  w a l ls  b e in g  b ead ed . The c e l l s  were s im i la r  i n  

shape and a rran g em en t to  th e  parenchym a i n  pow dered V, s o h w e in fu r th i i  

and a few  o f  th e  c e l l s  c o n ta in e d  c u b ic a l  c r y s t a l s  o f  c a lc iu m  o x a la te .  

Numerous s c l e r e id s  were p r e s e n t ,  many a s  s in g le  c e l l s ,  some i n  

g ro u p s o f  a  few c e l l s  and f r e q u e n t ly  i n  la rg e  m asses o f  numerous c e l l s ,  

I n d iv id u a l  c e l l s  showed th e  same v a r i a t i o n  i n  s iz e  and ap p ea ran ce  as 

th e  s c l e r e id s  o f  pow dered V. s o h w e in fu r th i i  b u t  th e r e  was a  somev/hat 

l a r g e r  p ro p o r t io n  o f  th e  s m a lle r ,  s in g le  c e l l s  and g ro u p s o f  a  few  

r a t h e r  sm a ll c e l l s ,  b o th  ty p e s  p ro b a b ly  m ain ly  from  th e  p h e llo d e rm . 

O c c a s io n a lly  th e  lum en o f  some o f  th e  s m a lle r  c e l l s  was f i l l e d  w ith  

a b row nish  o ra n g e , am orphous c o n te n t .

Many p ie c e s  o f  phloem  were p r e s e n t ,  c o n s i s t in g  m ain ly  o f  e lo n ­

g a te d  parenchym a, w hich f r e q u e n t ly  c o n ta in e d  e lo n g a te d , p r is m a t ic  

c r y s t a l s  o f  ca lc iu m  o x a la te ,  and a s s o c ia te d  s ie v e - tu b e s .  Y/hen seen  

i n  r a d i a l  l o n g i tu d in a l  s e c t io n ,  th e  phloem t i s s u e  was o f te n  c ro s s e d  

a t  r i g h t  a n g le s  by compound m e d u lla ry  r a y s ,  an d , when seen  i n  t a n ­

g e n t i a l  l o n g i tu d in a l  s e c t io n ,  th e  r a y s  a p p ea re d  as  o v a l p l a t e s  o f
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sm a ll , ro u n d  c e l l s  w ith  a  s in g le  row o f l a r g e r  c e l l s  e x te n d in g  above 

and below  th e  p l a t e .  V ery o c c a s io n a l  p ie c e s  o f  l a t e x  v e s s e l  were 

seen , a s s o c ia te d  w ith  phloem  parenchym a. The d i s t r i b u t i o n ,  appearance  

and c o n te n t  o f  a l l  th e s e  phloem  s t r u c tu r e s  were s im i l a r  to  th e  phloem 

s t r u c tu r e s  d e s c r ib e d  f o r  pow dered V ,s o h w e in f u r th i i ,

A bundant fra g m e n ts  o f  c o r t i c a l  f i b r e s  were p r e s e n t  and num erous 

c r y s t a l s  o f  c a lc iu m  o x a la te ,  o f  b o th  %rpe A and Type B, were s c a t t e r e d  

i n  th e  pow der. The f i b r e s  and c r y s t a l s  were a ls o  s im i l a r  to  th o se  

p r e s e n t  i n  pow dered V .s o h w e in f u r th i i . though th e  f i b r e  frag m e n ts  were 

more num erous i n  V .a f r i c a n a .

The c h a r a c te r s  o f  th e  powder a re  i l l u s t r a t e d  i n  F ig u re s  31 and

32.
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F ig . 31.

S t r u c tu r e s  p r e s e n t  i n  the  pow dered h a rk  o f  V .a f r io a n a  (1 )

( X 230 )

ok, o o rk ; f ,  f i b r e  f ra g m e n t; m r .a . m ed u lla ry  r a y  ( c e l l s  
o f  Type A ); m r .b . m ed u lla ry  r a y % c e l l s  o f  Type B ) ; o x .b . 
c r y s t a l  o f  oa lo ium  o x a la te  (Type b ) ; 2  ̂ parenchym a; p p . 
phloem  parenchym a; s i  e v e -a re  a ; _so, s o l e r e id ;  s o . c .
s o l e r e i d  w ith  amorphous c o n te n t ;  j t ,  s ie v e - tu b e .



see

i

mr.a
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F ig , 32,

S t r u c tu r e s  p r e s e n t  i n  th e  pow dered h a rk  o f  V ,a f r io a n a  ( 2) ,

h , headed  w a l l ;  ok^ c o rk ; o k . t , c o rk  i n  t r a n s v e r s e  
s e c t io n ;  f , f i h r e  fra g m e n t; o x .a . c i y s t a l  o f  ca lc iu m  
o x a la te  ( T ^ e  A) ; o x .h . c r y s t a l  o f  c a lc iu m  o x a la te  
(Type B ),

( ALL X 2 5 0  )

s ,  s ta r c h  ( x  375 )•



ox.b
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As  t he  h a r k s  o f  th e  tv/o s p e c i e  s  V , s o h w e i n f u r t h i i  and  V > a fr i c a n a  

c o u ld  n o t  be d i s t i n g u i s h e d  fro m  on e a n o th e r  b y  m eans o f  th e  a p p e a r a n c e  

o r  s i z e  o f  t h e i r  a n a to m ic a l  s t r u c t u r e s ,  a t t e m p t s  w ere  made to  e s t a b l i s h  

s u i t a b l e  n u m e r ic a l  v a l u e s  w h ereb y  t h e s e  tw o s p e c i e s  c o u ld  b e  d i f f e r e n ­

t i a t e d .

O n ly  f a i r l y  d i s c r e t e ,  r e a d i l y  d i s t i n g u i s h a b l e ,  h i s t o l o g i c a l  

s t r u c t u r e s  a r e  o f  p o t e n t i a l  u se  i n  th e  e s t a b l i s h m e n t  o f  n u m e r ic a l  

v a lu e s  an d  th e  s t r u c t u r e s  o f  t h i s  ty p e  p r e s e n t  i n  th e  s tem  b a r k s  o f  

V .s o h w e i n f u r t h i i  and V . a f r i c a n a  w ere  th e  c o r k ,  s o l e r e i d s ,  f i b r e s ,  

s t a r c h  a n d  c r y s t a l s ,  and t h e s e  w ere  c o n s id e r e d  i n  t u r n .

C ork

The p o s s i b i l i t y  o f  d e v i s i n g  a  m eth od  to  m ea su re  th e  am ount o f

c o r k  p e r  u n i t  w e ig h t  o f  b a rk  w as c o n s id e r e d ,  b u t  su c h  w a s th e  v a r i a t i o n

i n  th e  t h i c k n e s s  o f  th e  c o r k  i n  th e  b a rk  o f  V, s o h w e i n f u r t h i i . i t  w as

f e l t  t h a t  t h i s  w o u ld  b e  o f  l i t t l e  v a l u e .  A l s o ,  a s  th e  d im e n s io n s  o f

th e  c o r k  c e l l s  w ere  so  s i m i l a r  i n  b o th  s p e c i e s ,  i t  a p p e a r e d  e x t r e m e ly

u n l i k e l y  t h a t  th e  d e t e r m in a t io n  o f  th e  num ber o f  c o r k  c e l l s  p e r  u n i t

1 27
a r e a  o f  c o r k ,  u s e d  b y  M e l v i l l e  t o  d i f f e r e n t i a t e  A tr o p a  b e l la d o n n a  

and  A ,a c u m in a ta , w o u ld  b e o f  v a l u e .
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S c l e r e i d s

D u r in g  t h e  a n a t o m ic a l  s t u d i e s  o f  th e  s tem  b a r k s ,  t h e  im p r e s s io n  

h a d  b e e n  fo r m e d  t h a t ,  i n  g e n e r a l ,  t h e r e  te n d e d  t o  b e  m ore s o l e r e i d s  i n  

V . s o h v r e in f u r t h i i  th a n  i n  V . a f r i c a n a , a lth o u g h  i n  b o th  s p e c i e s  th e  am ount 

v a r i e d ,  a p p a r e n t ly  d i r e c t l y  w i t h  th e  t h i c k n e s s  o f  th e  b a r k . A t te m p ts  

w ere made to  e s t i m a t e  t h e  t o t a l  w e ig h t  o f  s o l e r e i d s  p e r  u m .t  w e ig h t  o f  

b a r k . Two m eth o d s  w ere  c o n s id e r e d ,  f i r s t l y ,  d e t e r m in a t io n  o f  th e  c r u d e  

f i b r e  o f  t h e  b a r k s ,  a n d , s e c o n d ly ,  d i r e c t  d i s s e c t i o n  an d  w e ig h in g  o f  

th e  s o l e r e i d s .  The f i r s t  m eth od  t e n d s ,  i n  g e n e r a l ,  t o  b e  in a c c u r a t e  

and  i n  t h i s  p a r t i c u l a r  c a s e  w as th o u g h t  l i k e l y  t o  b e m a r k e d ly  so  due 

t o  th e  r e l a t i v e l y  s m a ll  am ount o f  m a t e r i a l  a v a i l a b l e  f o r  t h e  e s t i m a t i o n s ,  

a n d , m ore p a r t i c u l a r l y ,  due to  th e  v a r i a t i o n  i n  th e  am ount o f  l i g n i f i e d  

c o r k  p r e s e n t .  The s e c o n d  m eth o d , w h i le  b e in g  c o n s i d e r a b l y  m ore t e d i o u s  

t o  p e r fo r m , a p p e a r e d  l i k e l y  to  a f f o r d  more a c c u r a t e  an d  c o n s i s t e n t  

r e s u l t s  w it h  th e  s m a ll  am ount o f  m a t e r ia l  a v a i l a b l e .

D i r e c t  a p p l i c a t i o n  o f  t h i s  m eth od  t o  th e  e x a m in a t io n  o f  t h e  

p o w d ered  b a r k s  w o u ld  b e  i m p r a c t i c a b l e ,  so  c a r r i e d  o u t  c o n c u r r e n t ly  

w ith  th e  e s t i m a t i o n  o f  th e  t o t a l  w e ig h t  o f  s o l e r e i d s  i n  w h o le  b a r k s ,  

w as th e  d e t e r m in a t io n  o f  th e  a r e a  p e r  u n i t  w e ig h t  o f  s o l e r e i d  l a y e r  

and th e  a r e a  o f  th e  s o l e r e i d  l a y e r  p e r  u n i t  w e ig h t  o f  b a r k . The 

i n t e n t i o n  w as t h a t  s h o u ld  t h e r e  b e  a  d i r e c t  r e l a t i o n s h i p  b e tw e e n  th e  

w e ig h t  o f  s o l e r e i d  p r e s e n t  an d  th e  t o t a l  a r e a  o f  t h e  s o l e r e i d  s h e e t s ,
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th e n  a  s ta n d a r d  f i g u r e  f o r  th e  a r e a  o f  s o l e r e i d  p e r  u n i t  w e ig h t  o f  h a r k  

o o u ld  h e  u s e d ,  e m p lo y in g  th e  lyoop od xu m  sp o r e  t e c h n iq u e ,  f o r  th e  d i f f ­

e r e n t i a t i o n  o f  th e  p ov fd ers o f  th e  b a r k s  o f  th e  tw o s p e c i e s .  Such a

r e f e r e n c e  f i g u r e  w as u s e d  s u c c e s s f u l l y  i n  q u a n t i t a t i v e  e s t i m a t i o n s  o f

128 1 29
p o w d ered  l i n s e e d  an d  cardamom s e e d  .

E s t im a t io n s  b a s e d  on  th e  num ber o f  s o l e r e i d s  p r e s e n t  w ere  a l s o

c o n s id e r e d .  The num ber o f  s o l e r e i d s  p e r  u n i t  a r e a  h a s  b e e n  a p p l i e d  i n

s t u d i e s  o f  d r u g s  c o n t a i n i n g  s o l e r e i d  l a y e r s  w h ic h  w ere  o n e  c e l l  

1 29-1 51
t h i c k  , b u t  a s  th e  s h e e t s  o f  s o l e r e i d s  i n  th e  b a r k s  o f  th e  two

s p e c i e s  o f  V o a ca n g a  w ere  o f  v a r i a b l e  t h i c k n e s s ,  an d  a l s o  t h e i r  d im ­

e n s io n s  i n  b o th  s p e c i e s  w ere  so  s i m i l a r ,  i t  w as c o n c lu d e d  t h a t  t h i s

m eth od  w o u ld  n o t  b e  a p p l i c a b l e .  The m eth od  w as e x t e n d e d  t o  i n c l u d e

1 32-1 34
s o l e r e i d s  o c c u r r in g  i n  o v a l  m a s s e s  , th e  num ber o f  s o l e r e i d s  p e r

u n i t  w e ig h t  b e in g  d e te r m in e d , a n d , due to  th e  u n i f o r m it y  o f  th e  m a s s e s ,  

th e  a p p l i c a t i o n  o f  t h e  m eth o d  w as c o n s id e r a b ly  f a c i l i t a t e d  b y  e s t i m ­

a t i n g  th e  num ber o f  c e l l s  p r e s e n t  i n  a  m ass fro m  i t s  d im e n s io n s .  How­

e v e r ,  due t o  th e  i r r e g u l a r i t y  o f  th e  s o l e r e i d  s h e e t s  i n  th e  b a r k s  

b e in g  s t u d i e d ,  no s i m i l a r  g e o m e t r i c a l  c a l c u l a t i o n  c o u ld  b e  m ade, and  

a t t e m p t s  t o  d i s i n t e g r a t e  th e  s h e e t s  t o  a l l o w  c o u n t in g  o f  i n d i v i d u a l  

s o l e r e i d s  w o u ld  b e  e x t r e m e ly  d i f f i c u l t  to  e f f e c t  e f f i c i e n t l y  due to  

th e  t o r t u o u s ,  i n t e r l o c k i n g  n a t u r e  o f  th e  i n d i v i d u a l  c e l l s .
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D e t e r m in a t io n  o f  th e  n e r o e n t a g e  w e ig h t  o f  s o l e r e i d s  i n  th e  b a r k . 

M ethod .

Erom e a c h  p i e c e  o f  b a r k  e x a m in e d , f o u r  s e p a r a t e  sam p le  p i e c e s  o f  

a b o u t  0 .1  g ,  w e r e  o u t ,  m ea su red  f o r  t h i c k n e s s ,  and  a c c u r a t e l y  w e ig h e d .  

E ach  sa m p le  w as t r a n s f e r r e d  t o  a  b o i l i n g - t u b e  c o n t a i n i n g  1 5  m l. o f  5  

p e r  c e n t  s o l u t i o n  o f  p o t a s s iu m  h y d r o x id e ,  s u sp e n d e d  i n  a  b o i l i n g - w a t e r  

b a th  and a l lo w e d  to  d i g e s t  f o r  e x a c t l y  t h r e e  h o u r s .  The c o n d i t i o n s  o f  

th e  e x p e r im e n t  w ere  c a r e f u l l y  c o n t r o l l e d .  The tu b e  o f  s o l u t i o n  w as  

s t a b i l i s e d  a t  th e  te m p e r a tu r e  o f  th e  w a t e r - b a t h  b e f o r e  a d d in g  th e  

sa m p le , and  t h e  vo lu m e o f  th e  a l k a l i n e  s o l u t i o n  k e p t  c o n s t a n t  th r o u g h ­

o u t  th e  e x p e r im e n t .

I m m e d ia te ly  th e  d i g e s t i o n  p e r i o d  w as c o m p le t e d ,  th e  sam p le  w as  

t r a n s f e r r e d  t o  a  b a s i n  o f  w a te r  and  r i n s e d  w it h  s e v e r a l  c h a n g e s  o f  

c o l d  w a t e r  to  a v o id  an y  f u r t h e r  d e g r a d a t io n  o f  th e  t i s s u e s .  The b a rk  

w as c a r e f u l l y  d i s s e c t e d ,  th e  s o l e r e i d  c o n t e n t  s e p a r a t e d  and  th e  f r a g ­

m en ts  l a i d  o u t  on  a  w e ig h e d  s l i d e .  The s e p a r a t io n  o f  th e  s o l e r e i d s  

from  a l l  o t h e r  t i s s u e s  v/as g r e a t l y  f a c i l i t a t e d  b y  t h e i r  o c c u r r e n c e  i n

l a r g e  f u s e d  s h e e t s ,  th e  m o st d i f f i c u l t  t a s k  b e in g  t h e  s e p a r a t io n  o f

th e  p h e l lo d e r m  fro m  th e  c o r k .

f i n a l l y ,  t h e  i s o l a t e d  t i s s u e  w as a l lo w e d  t o  d ry  o v e r n i g h t  an d

th e  s l i d e s  r e w e ig h e d .  The p e r c e n t a g e  w e ig h t  o f  s o l e r e i d s  i n  e a c h  

p i e c e  o f  b a r k  w as th e n  c a l c u l a t e d .
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R e s u l t s .

T h ese  a r e  l i s t e d  i n  T a b le s  1 2  an d  1 3 .

C o n c lu s io n s .

A s th e  q u a d r u p l ic a t e  r e s u l t s  f o r  e a c h  i n d i v i d u a l  p i e c e  o f  b a r k  

w ere i n  f a i r l y  c l o s e  a g r e e m e n t , i t  w as c o n c lu d e d  t h a t  th e  m eth o d  g a v e  

a  s a t i s f a c t o r y  e s t i m a t i o n  o f  th e  s o l e r e i d  c o n t e n t  o f  th e  b a r k .

The b a r k  o f  V .s o h w e i n f u r t h i i  show ed  a  w id e  v a r i a t i o n  i n  s o l e r e i d  

c o n t e n t ,  fro m  a b o u t  1 7  t o  65 p e r  c e n t  b y  w e ig h t ,  an d  th e  p r e v io u s  

o b s e r v a t io n  o f  a  te n d e n c y  f o r  t h e  am ount o f  s o l e r e i d  to  b e  d i r e c t l y  

p r o p o r t io n a l  t o  th e  t h i c k n e s s  o f  th e  b a r k , w as c o n f ir m e d .

A lth o u g h  o n ly  t h r e e  p i e c e s  o f  th e  b a r k  o f  V .a f r i c a n a  w ere  e x ­

a m in ed , th e  r e s u l t s  o b t a in e d ,  a l l  a b o u t  40 p e r  c e n t ,  w ere  i n  th e  c e n t r e  

o f  th e  r a n g e  o f  v a l u e s  o f  V .s o h w e i n f u r t h i i  and  v e r y  c l o s e  to  th e  v a l u e s  

o b t a in e d  w i t h  p i e c e s  o f  s i m i l a r  t h i c k n e s s  o f  th is  s p e c i e s .  T h is  i n d i ­

c a t e d  t h a t  th e  a n a l y s i s  h a d  no v a lu e  a s  a m eth od  o f  d i f f e r e n t :  a t i n g  

t h e  tw o s p e c i e s .

D e t e r m in a t io n  o f  th e  a r e a  p e r  u n i t  w e ig h t  o f  s o l e r e i d  l a y e r  and  th e  

a r e a  o f  s o l e r e i d  l a y e r  p e r  u n i t  w e ig h t  o f  b a r k .

M ethod*

The a r e a s  o f  th e  s o l e r e i d  f r a g m e n ts  fro m  t h e  p r e v i o u s  d e te r m in ­

a t i o n  w ere d e te r m in e d  b y  t r a c i n g  t h e i r  o u t l i n e s ,  a t  a  m a g n i f i c a t i o n  o f
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T ablo  12 : S o le r e id  c o n te n t  o f  th e  b a rk  o f  V .s o h w e in f u r th i i .

B ark
t h i c k n e s s

mm*

Amount o f  s o l e r e i d  i n  b a r k
P .O .

I n d i v i d u a l
r e a d in g s Mean

3 5 ,4
20 3 4 ,9 3 5 .6

38 ,1
3 3 .8

3 4 .7
18 3 5 ,2 3 7 .5

3 9 ,6
4 0 ,6

1 7 , 9
1 0 1 6 , 4 1 7 .1

1 7 .5
1 6 . 4

4 9 .5
4 0 4 7 , 4 4 9 .1

5 0 .7
4 8 . 8

4 2 .1
1 0 3 8 .6 4 0 . 7

4 2 .3
3 9 ,9

6 6 ,3
36 6 6 ,1 65.1

66 ,1
61.7
4 0 .6

23 3 9 ,8 3 9 ,6
4 3 .7
3 4 .1
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T ab le  1 5 '• S o le r e id  c o n te n t  o f  th e  b a rk  o f  V. a f r i c a n a

B ark
th ic k n e s s

mm.

Amount o f  s o l e r e i d  i n  b a rk  
p , c .

In d iv id u a l
re a d in g s Mean

4 2 , 4
1 8 4 3 . 4 4 3 . 4

4 3 .0
4 4 . 9

3 7 .4
1 8 4 2 , 4 4 1 . 2

4 4 .6
4 0 .2

3 8 ,7
20 36 ,6 3 8 .5

38.4
40.4
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a b o u t  X 3 5 ,  u s i n g  a cam era  l u c i d a  a t t a c h e d  t o  a  b in o c u la r  m ic r o s c o p e .

The t r a c e d  a r e a s  w ere  th e n  m ea su red  u s in g  a p la n im e t e r  and  th e  t o t a l  

a r e a  p e r  u n i t  w e ig h t  o f  s o l e r e i d  l a y e r  an d  p e r  gramme o f  v /h o le  b a rk  

c a l c u l a t e d .

R e s u l t s ,

T h e se  a r e  l i s t e d  i n  T a b le  14*

C o n c lu s io n s .

V a lu e s  f o r  th e  a r e a  o f  s o l e r e i d  l a y e r  p e r  u n i t  w e ig h t  v a r i e d  fro m  

a b o u t  5 3  t o  11 0 s q .c in i p e r  g , , ;v ith  tv fe lv e  e s t i m a t i o n s ,  and  t h u s  v/as o f  

no v a lu e  a s  a  s ta n d a r d  r e f e r e n c e  f i g u r e .

f i b r e s

N u m e r ic a l v a l u e s  b a s e d  on  f i b r e s  v /h ioh  h a d  b e e n  a p p l i e d  i n  q u a l -

1 55 1 56i t a t i v e  m ic r o s c o p y  w ere  th e  a r e a  o f  f i b r e s  p e r  u n i t  w e ig h t  ^  ^ and

1 54 1 56th e  l e n g t h  o f  f i b r e  p e r  u n i t  w e ig h t  ' , fro m  th e  d im e n s io n s  o f  th e

f i b r e s  p r e s e n t  i n  th e  two b a r k s  u n d e r  e x a m in a t io n ,  d e t e r m in a t io n  o f  t h e i r  

a r e a s  w as i m p r a c t i c a b l e .  The l e n g t h  o f  f i b r e  p e r  u n i t  w e ig h t  w as u n ­

l i k e l y  to  be o f  d i a g n o s t i c  v a lu e  due to  th e  g r e a t  v a r i a t i o n  i n  th e  num ber 

o f  f i b r e s  p r e s e n t  i n  d i f f e r e n t  p i e c e s  o f  b a r k . H o w ev er , a s  p r e v i o u s l y  

s t a t e d ,  th e  am ount o f  f i b r e  i n  th e  b a rk  o f  b o th  s p e c i e s  v a r i e d  i n v e r s e l y  

v /i th  t h e  t h i c k n e s s  o f  th e  b a r k , w h i le  th e  c o n v e r s e  w as t r u e  o f  th e  

s o l e r e i d s ,  t h e r e f o r e  i t  w as c o n s id e r e d  p o s s i b l e  t h a t  th e  p r o d u c t  (K) o f
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T a b le  1 4  î A rea  o f  s o l e r e i d  d e t e r m in a t io n s  i n  th e  

b a rk  o f  V .s o h w e i n f u r t h i i .

-pPÎ0
o
u(DPh

M

v a lu e  s

5 5 .4
3 4 .9
38.1
3 3 ,8

mean

3 5 .6

CO
CO
0

I
I

20

nd
•H
0 
U  0 I—I
W

uI
o
CT*n

Ï3J0
U
0
A

v a lu e  s

6 0 .7
5 3 .2  
6 2 .9
6 3 .3

mean

60 .0

L
HÜm
0
c61

%

tlO
U
0
Ph

nd
•53

v a lu e  8

21 .5 
18.6 
2 3 .9
21 . 4

ao
on
CO

I
mean

21 .4

3 4 .7
35 .2
3 9 .6
4 0 * 6

37 .5 18
83.8
8 7 ,4
9 2 ,8
95 .3

89.8
29.1
3 0 .8
36 .7
3 8 .7

3 3 .8

1 7 .9
1 6 .4
1 7 .5  
1 6 .4

17.1 1 0
82.1

1 0 8 .7
9 7 .7

1 1 0 ,5

9 9 .8
1 4 .7
1 7 .8  
1 7 .2  
1 8 .2

1 6 .9
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th e  w e ig h t o f  s o l e r e id ,  i n  grammes, and th e  le n g th  o f  f i b r e ,  i n  m e tre s , 

p r e s e n t  i n  1 g , o f  b a rk , was- a  p o t e n t i a l l y  'u s e fu l  .v a lu e .

D e te rm in a tio n  o f  K,

Method,

From eaoh o f  th r e e  o f  th e  p ie c e s  o f  b a rk  p r e v io u s ly  a n a ly se d  f o r  

s o l e r e id  c o n te n t ,  a n o th e r  f o u r  sam ple p ie c e s  were o u t ,  w eighed , d ig e s te d  

w ith  5 p e r  c e n t  s o lu t io n  o f p o ta s s iu m  h y d ro x id e , and  washed a s  b e fo re .  

The sam ples were c a r e f u l l y  d i s s e c te d ,  th e  f i b r e s  s e p a r a te d  from  th e  

o th e r  t i s s u e s  and  p la c e d  on a  s l i d e ,  and t h e i r  l e n g th s  t r a c e d  on p a p e r  

by th e  same m ethod em ployed f o r  t r a c in g  th e  s o l e r e i d  a r e a s .  The t o t a l  

le n g th  o f  f i b r e  was m easured  u s in g  a m ap-m easurer and  th e  le n g th  o f  

f i b r e  p e r  gramme o f  b a rk  c a l c u l a t e d .  U sing th e  p r e v io u s ly  d e te rm in e d  

v a lu e s  f o r  th e  p e rc e n ta g e  w e ig h t o f  s o le r e id  i n  th e  co rrespond l.ng  p ie c e s  

o f  b a rk , th e  v a lu e  K was c a l c u l a t e d .

Re s u i t s .

These a re  l i s t e d  i n  T ab le  15,

C o n c lu s io n s .

T here was c o n s id e ra b le  v a r i a t i o n  betw een th e  v a lu e s  o f  le n g th  o f  

f i b r e  p e r  gramme o f  b a rk  o b ta in e d  f o r  d i f f e r e n t  sam ples o f  th e  same 

p ie c e  o f  b a rk  and  av erag e  v a lu e s  a ls o  v a r ie d  w id e ly , from  a b o u t 27 to  

61 ra, p e r  g . , i n  o n ly  th re e  e s t im a t io n s .  Thus, a s  e x p e c te d , t h i s
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T ab le  15 : V a lu es  f o r  K f o r  th e  b a rk  o f  

V ,s o h w e in f u r th i i .

« 1
>H ü

rd b 
•H 0
0  Ph ^  
0

3 1
rP

cOW

1 1  

g  ^

1

^  ^  S
°  S
g  A

1  ^  7»—î *H S  Ch
00V-

\A
.

II

Mv a lu e  s mean v a lu e  s mean

3 5 .4
3 4 ,9
38.1
3 3 .8

3 5 .6 20
3 4 .3  
25 .5  
2 1 ,7  
2 9 .9

2 7 .9 9 .9

3 4 .7
3 5 .2
3 9 .6
4 0 .6

37 .5 18
7 2 .8
6 3 .0
2 8 .0  
3 1 .8

4 8 .9 1 8 .3

1 7 .9
1 6 .4
1 7 .5  
16 .4

17.1 10
6 4 .8
58 .6  
41 .6
82 .6

6 1 .3 1 0 .5
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f ig u r e  i t s e l f  h a d  no s i g n i f i e anoe a s  a r e f e re n c e  v a lu e .

The r e s u l t s  c o n firm ed  t h a t  th e  le n g th  o f  f i b r e  p e r  gramme o f  

b a rk  was i n v e r s e ly  p r o p o r t io n a l  to  th e  th ic k n e s s  o f  th e  b a rk .

The v a lu e s  o b ta in e d  f o r  K v a r ie d  from  a b o u t 10 to  1 8 ; and  from  

th e  w id th  o f  t h i s  v a r ia n c e  and, p a r t i c u l a r l y ,  th e  d eg ree  o f  v a r i a t i o n  

o f  th e  le n g th  o f  f i b r e  p e r  gramme w ith in  each  p ie c e  o f  b a rk , i t  was 

c o n c lu d ed  th e  m ethod h ad  no d ia g n o s t ic  v a lu e .

S ta rc h

As th e  s t a r c h  p r e s e n t  i n  th e  b a rk s  o f  b o th  s p e c ie s  was o f  s im i la r  

s iz e  and  fo rm , th e y  c o u ld  n o t  be d i f f e r e n t i a t e d  on ap p ea ra n c e . Q uant­

i t a t i v e  e s t im a t io n s  o f  s ta r c h  w ere c o n s id e re d  u n l ik e ly  to  be o f  v a lu e  

due to  th e  g r e a t  v a r i a t i o n  i n  s ta r c h  c o n te n t  am ongst i n d iv id u a l  p ie c e s  

o f  b a rk  w i th in  each  s p e c ie s .

C r y s ta ls

The ap p ea ran ce  o f  th e  c r y s t a l s  o f  c a lc iu m  o x a la te  p r e s e n t  i n  

b o th  s p e c ie s  was so s im i la r  t h a t  th ey  o o u ld  n o t be d i f f e r e n t i a t e d .  

However, a lth o u g h  th e  d im en sio n s o f  th e  Type B c r y s ta l s  i n  b o th  s p e c ie s  

were v e ry  s i m i l a r ,  th e re  was a  s l i g h t  ten d en cy  f o r  th o se  o f  V .sohw ein­

f u r t h i i  to  be s h o r t e r  and  b ro a d e r  th an  th o se  o f  V .a f r i c a n a . T h is  

d i f f e r e n c e  was a c c e n tu a te d  by d e te rm in in g  th e  le n g th  to  b re a d th  r a t i o
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o f  th e s e  c r y s t a l s  h u t  e s t im a t io n  o f  t h i s  v a lu e  f o r  200 c r y s t a l s  o f  

each  s p e c ie s  showed no s i g n i f i c a n t  d if fe re n c e *  The r e s u l t s ,  c a l c u la t e d  

to  th e  n e a r e s t  whole number, a re  g iv en  i n  F ig . 53*
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V .s o h w e in fu r th i i V .a f r io a n a
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F ig .  33 : Nomograms o f  le n g th  to  b re a d th  r a t i o s  o f  c r y s t a l s ,  Type B.



-  1 86 -

P A R T  V I I I

D I S C U S S I O N



-  187 -

C hem istry  o f  Yoaoanga s o h w e in fu r th i i

A n a ly s is  o f  th e  co m p o s itio n  o f  th e  a lk a lo i d a l  f r a c t i o n  o f  th e  stem  

b a rk  o f  V oaoanga s o h w e in fu r th i i  h a s  shown i t  to  c o n s i s t  o f  a  m ix tu re  o f  

ab o u t te n  a lk a lo i d s ,  w hich may be c l a s s i f i e d  a s  f o l lo w s .

The m ajo r a l k a l o i d s .

The th r e e  m ajo r a lk a lo id s  o f  the  b a rk , w hich have  been  i s o l a t e d  

i n  th e  pu re  c r y s t a l l i n e  s t a t e ,  a r e  voaoam ine, v o b tu s in e  and v o a c o r in e . 

These s u b s ta n c e s  were i d e n t i f i e d  by t h e i r  p h y s ic a l  c o n s ta n ts  and by a 

com parison  o f  t h e i r  ch ro m ato g rap h ic  p r o p e r t i e s  v /ith  a u th e n t ic  sam ples 

o f  th e  a lk a lo i d s .

The m inor a l k a l o i d s .

Two o th e r  a lk a lo id s  were p r e s e n t  i n  sm a ll am ounts, a lth o u g h  th e se  

were n o t i s o l a t e d  i n  th e  pu re  s t a t e .  One was shown to  be v o ao an g in e , th e  

i d e n t i f i c a t i o n  b e in g  p r im a r i ly  from  com parison  o f  i t s  ch ro m ato g rap h ic  

p r o p e r t i e s  v /ith  tlio se  o f  an  a u th e n t ic  sample o f  th e  a lk a lo id .  I t  b e ­

haved  s im i l a r ly  to  a u th e n t ic  voaoang ine  when exam ined by p a p e r  chrom a­

to g rap h y  u n d er c o n d it io n s  o f  v a ry in g  pH, and  when exam ined by t h in - l a y e r  

ch rom atography . A lso , i n  th e  s e p a ra t io n  o f  th e  i n d iv id u a l  a lk a lo id s  from  

th e  t o t a l  a lk a lo i d a l  f r a c t i o n  o f  th e  b a rk  by colum n chrom atography  on 

a lu m in a , i t  was e lu t e d  i n  the  f i r s t  f r a c t i o n s  by b e n ze n e , a s  r e p o r te d  

i n  th e  a n a ly s i s  o f  th e  a lk a lo id s  o f  V .a f r ic a n a .  C o n firm a to ry  ev id en ce



-  188 -

o f  th e  i d e n t i t y  o f  t h i s  a lk a lo i d  was o b ta in e d  from  i t s  u l t r a - v i o l e t  

spectrum .

The p re se n c e  o f  a  second  m inor a lk a lo id ,  d e s ig n a te d  Ü1 , was e s t ­

a b l i s h e d  by p a p e r  and  t h i n - l a y e r  chrom atography . From th e  i n t e n s i t y  o f  

th e  s t a in in g  o f  th e  s p o ts  o f  t h i s  a lk a lo id ,  i t  a p p e a re d  to  be p r e s e n t  i n  

somewhat l a r g e r  am ounts th a n  v o ao an g in e . The R f v a lu e  o f  t h i s  a lk a lo id ,  

when exam ined by p a p e r  ch rom atography  a t  b o th  pH 4*0 and  4 .7 ,  was ab o u t 

one . I t s  u l t r a - v i o l e t  spec trum , w hich p ro v ed  q u i te  d i f f e r e n t  from  th o se  

o f  th e  o th e r  V oacanga a lk a lo i d s ,  v/as o b ta in e d .

The t r a c e  a l k a l o i d s .

P ap er and  t h i n - l a y e r  ch ro m ato g rap h ic  s tu d i e s  i n d ic a t e d  th e  p re s e n c e , 

i n  t r a c e  am ounts, o f  s e v e r a l  o th e r  a lk a lo id s .  P a p e r ch rom atography  showed 

t h a t  a t  l e a s t  one o th e r  s t ro n g  b ase  was p r e s e n t ,  d e s ig n a te d  Ü2, a lth o u g h  

i t  ap p ea re d  more p ro b a b le  t h a t  two o r  more a d d i t i o n a l  s t ro n g  b a s e s  were 

p r e s e n t  ( in c lu d in g  t h a t  d e s ig n a te d  TJ3).

The t h i n - l a y e r  ch ro m ato g rap h ic  system  u se d  p ro v id e d  a  more e f f i c i e n t  

a n a ly s i s  o f  th e  we ale b ase  f r a c t i o n  o f  th e  t o t a l  a lk a lo i d s  th a n  p a p e r  

ch rom atography , and  r e v e a le d  th e  p re se n c e  o f  v e ry  sm a ll  am ounts o f  tv/o 

a lk a lo id s  whose p re se n c e  v/as p re v io u s ly  u n su s p e c te d . I t  i s  p o s s ib le  

t h a t  h ad  a system  been  d e v is e d  s u i t a b le  f o r  exam ining  th e  s tro n g  b a s e s ,  

th e  number o f  th e s e  o b se rv e d  may a ls o  have b een  in c r e a s e d .
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E x t r a c t io n  and  i s o l a t i o n  o f  th e  a l k a l o i d s .

The m ethods u se d  f o r  th e  e x t r a c t i o n  o f  th e  t o t a l  a lk a lo i d a l  

f r a c t i o n  o f  the  b a rk  and th e  s e p a r a t io n  o f  th e  i n d iv id u a l  a lk a lo id s ,  

fo llo w e d  th e  c l a s s i c a l  p a t t e r n .  The su c c e ss  o f  any p a r t i c u l a r  ex ­

t r a c t i o n  te c h n iq u e  i s  g e n e r a l ly  dependen t on th e  s e l e c t i v i t y  o f  th e  

s o lv e n ts  em ployed, u n d e r th e  p a r t i c u l a r  c o n d i t io n s ,  f o r  exam ple o f  pH, 

o f  t h e i r  u s e . The s u p e r i o r i t y  o f th e  e x t r a c t io n  m ethod in v o lv in g  

a lc o h o l ic  p e r c o l a t i o n  o v e r t h a t  b a se d  on benzene p e r c o l a t i o n ,  was 

p ro b a b ly  r e l a t e d  to  t h i s  p r i n c i p l e .  The two m ain d i f f e r e n c e s  be tw een  

th e  m ethods w ere i n  th e  s o lv e n ts  u sed  i n  p e r c o l a t i o n  and  th e  s o lv e n ts  

u sed  i n  th e  p r e l im in a ry  p u r i f i c a t i o n  o f  th e  b a s ic  f r a c t i o n  p r i o r  to  

i t s  a n a ly s i s  by ch rom atography . Thus th e  su c c e ss  o f  th e  method em ployed 

c o u ld  have b een  due e i t h e r  to  a  s u p e r io r  s e l e c t i v i t y  o f  70 p e r  c e n t  

e th a n o l  o v e r b e n ze n e , o r  to  th e  s u p e r io r  s e l e c t i v i t y  o f  e th y l  a c e ta te  

o v e r c h lo ro fo rm , o r  o f  a  co m b in a tio n  o f  th e s e  two f a c t o r s .

However, a s  i n d ic a t e d  above, from  th e  p r e l im in a r y  i n v e s t i g a t i o n s  

i t  a p p e a re d , from  th e  c o lo u rs  o f th e  p e r c o la t e s  and  m arcs, t h a t  benzene 

was more s e l e c t i v e  th a n  70 p e r  c e n t  e th a n o l ,  and  th u s  i t  w ould seem 

more l i k e l y  t h a t  th e  s e l e c t i v e  a c t io n  o f  th e  e th y l  a c e ta te  was th e  

v i t a l  f a c t o r  i n  th e  s u c c e s s f u l  m ethod. The im p o rtan ce  o f  t h i s  s o lv e n t 

i l l u s t r a t e s  th e  e m p ir ic a l  n a tu re  o f  much p h y to ch e m ic a l a n a ly s i s .

The e f f i c i e n c y  o f  th e  e x t r a c t io n  p ro ce d u re  was c o n s id e ra b ly  

im proved by o m iss io n  o f  e x t r a c t i o n  o f  th e  c o n c e n tr a te d  p e r c o la te  by
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e th y l  a c e ta te  u n d er n e u t r a l  c o n d i t io n s .  The s e p a r a t io n  o f  th e  t o t a l  

b a s ic  f r a c t i o n  i n t o  S o lu t io n s  I  and  I I  f u l f i l l e d  no u s e f u l  f u n c t io n  a s  

s im i la r  a lk a lo id s  were p r e s e n t  i n  b o th . I t  w ould a ls o  a p p e a r  t h a t  th e  

a tte m p te d  s e p a r a t io n  i n t o  s tro n g  and weak base  f r a c t i o n s ,  by e x t r a c t i o n  

o f  th e  e th y l  a c e ta t e  s o lu t io n  o f  th e  b a se s  w ith  d i l u t e  a c e t i c  a c id  and 

d i l u t e  h y d ro c h lo r ic  a c id  r e s p e c t iv e ly ,  was e q u a l ly  v a lu e le s s ,  a  s in g le  

e x t r a c t i o n  w ith  d i l u t e  h y d ro c h lo r ic  a c id  w ould have s u f f i c e d .  From th e  

s u c c e s s fu l  p u r i f i c a t i o n  o f  th e  f r a c t i o n s  e x t r a c t e d  by h y d ro c h lo r ic  a c id ,  

i t  i s  u n l ik e ly  t h a t  t h i s  w ould g iv e  r i s e  to  any d i f f i c u l t i e s  and  th e  

e f f i c i e n c y  o f  any e x t r a c t i o n  p ro c e s s  i s  enhanced  by  m in im is in g  th e  

number o f  o p e ra t io n s  in v o lv e d .

I s o l a t i o n  o f  th e  a lk a lo id s  p r e s e n t  i n  v e ry  sm a ll am ounts i s  m ost 

l i k e l y  to  be e f f e c t e d  u s in g  c o u n te r - c u r r e n t  s e p a r a t io n ,  a s  u se d  f o r  the  

i s o l a t i o n  o f  th e  t r a c e  a lk a lo id s  o f  V .a f r ic a n a .

Com parison w ith  Voacanga a f r i c a n a .

E le v en  a lk a lo id s  have b een  i s o l a t e d  from  th e  stem  b a rk  o f  V. 

a f r i c a n a  and i t  h a s  now been  shown t h a t  a  s im i l a r  number o f  a lk a lo id s  

a re  p r e s e n t  i n  th e  stem  b a rk  o f  V. s o h w e in f u r th i i . The m ajo r a lk a lo id s  

o f  V .a f r ic a n a  a re  voaoam ine, v o b tu s in e , voaoang ine  and  v o a c o r in e , a l l  

o f  w hich a re  p r e s e n t  i n  V .s o h w e in fu r th i i  i n  a p p re c ia b le  q u a n t i t i e s ,  

and  th e y  may be i s o l a t e d  from  e i t h e r  s p e c ie s  by e x a c t ly  th e  same p ro c e ss ,

These f a c t s  i n d ic a t e  t h a t  th e  a l k a lo i d a l  c o n te n ts  o f  th e  b a rk s  o f
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th e  two s p e c ie s  a re  v e ry  s im i la r .  I t  seems l i k e l y  t h a t  a f u l l e r  s tu d y  

o f  th e  u n i d e n t i f i e d  a lk a lo id s  o f  V, s o h w e in fu r th i i  m igh t show them to  be 

th e  same a s  th e  m inor a lk a lo id s  o f  V ,a f r i c a n a . i n  w hich c ase  th e  a l k a l ­

o id a l  c o n te n ts  o f  th e  b a rk s  o f th e  two s p e c ie s  w ould be i d e n t i c a l .  The 

so le  p ie c e  o f  e v id e n ce  i n  c o n f l i c t  w ith  t h i s  c o n c lu s io n  i s  t h a t  th e  

u l t r a - v i o l e t  spectrum  o f  U1 d i f f e r s  from  a l l  th o se  p r e v io u s ly  d e s c r ib e d  

f o r  th e  a lk a lo id s  o f  V ,a f r i c a n a . b u t  i t s  n a tu re  w ould have to  be more 

f u l l y  i n v e s t i g a t e d  b e fo re  th e  s ig n i f ic a n c e  o f  t h i s  f a c t  o o u ld  be a s s e s s e d  

I t  o o u ld  p ro v e , f o r  exam ple, to  be a  brealcdown p ro d u c t  o f  v o b tu s in e , th e  

u l t r a - v i o l e t  s p e c t r a  o f  b o th  a lk a lo id s  h a v in g  maxima a t  220 mjU.
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C om parison o f  th e  s t r u c tu r e s  o f  th e  s tem  h a rk s  o f  

V .s o h w e in fu r th i i  and V .a f r ic a n a

The s t r u c tu r e s  o f  th e  stem  h a rk s  o f  th e  two s p e c ie s  V ,sohw ein ­

f u r t h i i  and  V .a f r ic a n a  have been  d e s c r ib e d  i n  d e t a i l  and  shown to  f i t  

th e  g e n e ra l  p a t t e r n  o f  A pocynaoeous b a rk s  g iv e n  by  M e tca lfe  and C halk . 

Both b a rk s  h ad  a l l  th e  m ain f e a t u r e s  t y p ic a l  o f  th e  f a m ily ,  nam ely 

*w h ite  f i b r e s ' ,  l a t e x  t i s s u e  and m arkedly  h e te ro g e n e o u s  m ed u lla ry  r a y s .

The com parison  o f  th e  b a rk s  o f  th e s e  two s p e c ie s  i n d ic a t e d  t h a t  

s t r u c t u r a l l y  th e y  were v e ry  s im i la r  in d ee d  and th e  sm a ll d i f f e r e n c e s  

w hich h ad  been  o b se rv e d  a re  now d is c u s s e d .

M acroscopy.

The m ain d i f f e r e n c e  i n  th e  m ao ro sco p io a l ap p ea ran ce  o f  th e  b a rk s  

exam ined was th e  p re se n c e  i n  V .s o h w e in fu r th ii  o f  a  c o n s id e ra b le  number 

o f  p ie c e s  o v e r  4  mm. th ic k ,  a  few b e in g  up to  11 ram. t h ic k ,  w hereas i n  

V .a f r ic a n a  th e  t h i c k e s t  p ie c e s  w ere o n ly  up to  4  mm, th ic k .  I n  g e n e ra l  

th e  b a rk  o f  V .s o h w e in fu r th i i  was i n  b ro a d e r  p ie c e s ,  b u t  i n  le n g th  th e  

b a rk  o f  V .a f r ic a n a  te n d e d  to  ex ceed  t h a t  o f  V .s o h w e in f u r th i i . Some 

p ie c e s  o f  V .a f r ic a n a  w ere up to  15 cm. lo n g  and th e s e  were i n v a r i a b ly  

v e ry  t h i n .

D if f e re n c e s  i n  le n g th  and b re a d th  w ould a r i s e  from  th e  m ethod o f  

c o l l e c t i o n  o f  th e  b a rk ,  and from  th e  p a r t i c u l a r l y  f i b r o u s  n a tu re  o f  t h in  

p ie c e s  one w ould  e x p e c t t h a t  th e  s p e c ie s  w ith  many p ie c e s  o f  t h i n  b a rk
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w ould a ls o  te n d  to  have a  p rep o n d eran ce  o f  lo n g  p ie c e s ,  a s  fo u n d  i n  

V .a f r io a n a * The a x i a l l y  o r i e n t a t e d  f i b r e s  w ould n o t  a f f e c t  th e  b re a d th  

o f  th e  p ie c e s .  D if f e re n c e s  i n  th e  th ic k n e s s  o f  th e  b a rk  c o u ld  a r i s e  

from  c o l l e c t i o n  from  stem s o f  d i f f e r i n g  g i r t h s  o r  p l a n t s  o f  d i f f e r i n g  

ag e . B oth p l a n t s  a re  b u sh es  o r  low t r e e s  up to  5 m. i n  h e ig h t .

Some p ie c e s  o f  th e  b a rk  o f  V ,s c h w e in fu r th i i  h ad  b o th  o u te r  and

in n e r  s u r f a c e s  w hich were more c o a r s e ly  m arked th a n  any p ie c e s  o f  V. 

a f r i o a n a . b u t  th e s e  w ere a lm o s t e x c lu s iv e ly  p ie c e s  o f  g r e a t e r  th ic k n e s s  

th a n  found  i n  t h i s  l a t t e r  s p e c ie s .

I t  i s  th u s  seen  t h a t  th e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  i n

m ac ro so o p ica l a p p ea ran ce  betw een th e  b a rk s  o f  the  two s p e c ie s ,

M icroscony .

C ork ,

The o n ly  d i f f e r e n c e  i n  th e  co rk  o f  th e  two s p e c ie s  was i n  am ount, 

up to  100 l a y e r s  b e in g  o b se rv ed  i n  th e  v e ry  t h i c k  p ie c e s  o f  V ,sch w ein -  

f u r t h i i . b u t  o n ly  up to  24 l a y e r s  b e in g  p r e s e n t  i n  V .a f r io a n a . I n  b o th  

s p e c ie s  ab o u t 12 l a y e r s  were commonly p r e s e n t ,

P h e llo d e rm ,

The p h e llo d e rm  o f  V .s c h w e in fu r th i i  c o n ta in e d , i n  g e n e r a l ,  more 

num erous s c l e r e i d s ,  f r e q u e n t ly  fo rm ing  an a lm o st com p lete  s h e a th , th a n  

t h a t  o f  th e  p h e llo d e rm  o f  V .a f r io a n a . As th e  number o f  s c l e r e id s  was 

d i r e c t l y  p r o p o r t io n a l  to  th e  th ic k n e s s  o f  th e  b a rk  i n  b o th  s p e c ie s ,  t h i s
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was i n  ag reem en t w ith  th e  d i f f e r e n c e s  i n  th ic k n e s s  a lr e a d y  d isc u sse d *  

C o rte x .

The s iz e  o f  th e  c o r te x  i n  b o th  s p e c ie s  a ls o  v a r i e d  w ith  th e  

th ic k n e s s  o f  th e  p ie c e s  o f  h a rk , b e in g  la rg e  and o b v io u s  i n  t h in  p ie c e s  

b u t  s m a lle r  and f r e q u e n t ly  i l l - d e f i n e d  i n  t h ic k e r  p ie c e s ,  th e  l a t t e r  

a ls o  c o n ta in in g  a g r e a t e r  number o f  s c l e r e i d s .  Thus i n  V .a f r io a n a  th e  

c o r te x  was more o f te n  w e l l - d e f in e d  and l e s s  s c l e r o t i c  th a n  i n  V. schw ein­

f u r t h i i  . T here w ere more p ie c e s  o f  b a rk  w ith  ab u n d an t c o r t i c a l  f i b r e s  

i n  V .a f r io a n a  th a n  i n  V .s c h w e in f u r th i i . b u t  a g a in  t h i s  may be r e l a t e d  

to  th e  th ic k n e s s  o f  th e  p ie c e s ,  a s  the  number o f  f i b r e s  p r e s e n t  was 

i n v e r s e ly  p r o p o r t io n a l  to  th e  th ic k n e s s  o f  tn e  b a rk  i n  b o th  s p e c ie s .

Phloem .

As i n  th e  p h e llo d erm  and  c o r te x ,  th e  s c l e r e i d  c o n te n t  o f  th e  

phloem  o f  b o th  s p e c ie s  was d i r e c t l y  p ro p o r t io n a l  to  th e  th ic k n e s s  

o f  th e  p ie c e s  o f  b a rk , and  a g a in  phloem s c l e r e i d s  were g e n e r a l ly  more 

abundan t i n  V .s c h w e in f u r th i i .

Summary.

The b a rk s  o f  th e  two s p e c ie s  exam ined a re  th u s  v e ry  s im i la r  i n  

s t r u c tu r e  and any s l i g h t  d i f f e r e n c e s  w hich have b een  n o te d  may be r e l a t e d  

to  th e  th ic k n e s s  o f th e  p ie c e s  o f  b a rk , 7 . s c h w e in f u r th i i  c o n ta in in g  

num erous p ie c e s  t h ic k e r  th a n  any found  i n  7 . a f r i o a n a .
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The s i m i l a r i t y  o f  th e  tvTo s p e c ie s  was f u r t h e r  em phasised  by th e  

c lo s e n e s s  o f  th e  d im ensions o f  th e  v a r io u s  s t r u c t u r e s  and c e l l  i n c l u ­

s io n s  p r e s e n t ,  a s  g iv e n  i n  T ab le  1 6 , and by d e te rm in a t io n  o f  th e  v a r io u s  

n u m e ric a l v a lu e s  d is c u s s e d  i n  P a r t  V II .
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T able  l 6  : D im ensions o f  m ic ro sc o p ic a l  s t r u c t u r e s  i n  th e  stem  

b a rk s  o f  V. s c h w e in fu r th i i  (VS) and  V ,a f r io a n a  (VA) ,

S t r u c tu r e

S ize  ( ju )

V S

Cork

R

T

H

8 -  1 6 "  28  -  ^6 

10 -  21 -  39 -  62 8 -  -  60

P h e llo g e n

R

T

H

10

28

28

7 -  1 0  -  21 
14  -  24 -  45 

10 -  28 -  45

P h e llo d e rm

s c l e r e id s

R

T

H

B

1 4  -  26 -  9L -  128

16 -  -  110
18 -  ^0 -  SO -  80

^ 5 ■“ 15 “ 28

16
16
16

6

80

134
98

32

F ib r e s

H

D

B

2000-13500-22000 

4  -  8 * - l 6  -  50

2000-14000-20000 

4  -  -  40

L a tex  v e s s e l s  D 20  - m . -  60 21 -  26 -  48

S ieve tu b e s  D 11 - 2 0 - 3 7 10  -  18  -  28
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T ab le  16 -  c o n tin u e d .

S t ru c tu r e

S ize  ( ju )

V 3 V A

R

Phloem T 

s c l e r e i d s  H 

B

1 4  -  36 -  76  -  1 5 é  

1 8  -  34  -  78 -  1 56 
1 8  -  37 -  1 1 5  -  300

1 8  -  3 k  ~ Ik  -  156 
20  -  32  -  6 8  -  1 3 4  

20 -  33 -  81 -  1 82
6 -  1 2 -  24 ~ 40

M ed u lla ry  ra y s

R

Type A T 

H

20 -  -  9 4  

6 -  1 J , - _ 2 .5  -  40
1 0  -  1 4  -  22  -  30

8 -  1 8 -  30 -  46 
1 2 -  1 8 -  26 -  48

R

Type B T 

H

1 4 “ 26 “ 50 " 86

24 -  -  1 2 4

S ta rc h  

Sim ple D 

Compound D max. 8  " 1^  -  1 4

2 -  4 - 8  -  14
9 - 1 2 - 1 5

C alcium  o x a la te  

Type A

le n g th  

Type B

b re a d th 2 — 9 “ 27 “ 58 4  -  -  30
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C om parative taxonomy o f  th e  s p e c ie s  

V. sch w ein f* u rth ii and V ,a f r io a n a

The in fo rm a tio n  p r e s e n te d  i n  t h i s  t h e s i s ,  t h a t  i s  i n  b o th  th e  

g e n e ra l  rev iew  o f  th e  genus V oaoanea and th e  r e s u l t s  o f  o r i g i n a l  e x p e r i ­

m ent, i n d i c a t e s  a  c lo s e  r e l a t i o n s h i p  betw een  th e  s p e c ie s  V»s c h w e in fu r th i i  

and V .a f r io a n a . and  p o se s  th e  q u e s t io n  o f  w h e th e r th e  d i f f e r e n c e s  betw een 

th e  v a r io u s  p l a n t s  o f th e  two s p e c ie s  a re  s u f f i c i e n t l y  s i g n i f i c a n t  to  

w a rra n t  m ain tenance  o f  such d i s c r e t e  taxonom ic s e p a r a t io n .  I f  taxonom ic

c l a s s i f i c a t i o n  i s  re g a rd e d  a s  b e in g  b a sed  on th e  "maximum c o r r e l a t i o n  o f  

1 57a t t r i b u t e s "  , t h a t  i s  n o t  r e s t r i c t e d  m ere ly  to  m orphology b u t  in c lu d in g  

o th e r  a s p e c ts  o f  a p l a n t ' s  c h a r a c t e r ,  f o r  exam ple i t s  ch em ica l c o n s t i t ­

u e n ts ,  i t  m ig h t be c o n s id e re d  more a p p ro p r ia te  to  c l a s s  a l l  th e  p l a n t s  

d e s c r ib e d  u n d e r th e s e  tvfo s p e c ie s  a s  a  s in g le  s p e c ie s .

Both s p e c ie s  were f i r s t  d e s c r ib e d  by S t a p f ^ '^ ,  and th e  main morpho­

l o g i c a l  d i f f e r e n c e s  were i n  th e  ty p e s  o f in f lo r e s c e n c e ,  c o lo u r s  o f  

c o r o l l a  and s iz e s  o f  f lo w e r .  Y et S t a p f 's  l i s t  o f  p l a n t s  a t t r i b u t e d  to  

V .a f r io a n a  in c lu d e d  two w ith  l a r g e r  f lo w e rs  th a n  a llo w e d  by h i s  d e s c r ip ­

t i o n  o f  th e  s p e c ie s  and one, c o n s id e re d  to  be e i t h e r  th e  s p e c ie s  V .a n g o l-  

e n s i s  o r  V .a f r io a n a . w ith  a  y e llo w  c o r o l l a .  These two c h a r a c te r s  i n d i c ­

a te d  t h a t  th e  p l a n t s  m igh t be more a p p r o p r ia te ly  d e s ig n a te d  V .sch w ein ­

f u r t h i i  . S ta p f  c o n s id e re d  th e s e  p l a n t s  to  be v a r i e t i e s  o f  V ,a f r io a n a . 

b u t  i n  a  l a t e r  c o n s id e r a t io n  o f  th e  genus^ , he r e t a in e d  V .a n g o le n s is  a s
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a  d i s t i n c t  s p e c ie s ,  d i f f e r e n t i a t e d  from  V. s c h w e in f u r th i i  s o le ly  by th e

p re se n c e  o f  some pubescence  on th e  young b ra n c h e s  and  le a v e s .  L a te r ,

• 5P iohon  p la c e d  V .a n g o le n s is  w i th in  th e  s p e c ie s  V ,s c h w e in f u r th i i .

O th e r exam ples o f  c o n fu s io n  betw een  th e  two s p e c ie s  in c lu d e d  th e  

d e s c r ip t io n  o f  V .s c h w e in f u r th i i  v a r .  p a r v i f l o r a  by Sohumann^^, a  ’ sm a ll-
) c

f lo w e re d ’ v a r i e t y ,  c o n s id e re d  a s  V .a f r io a n a  by b o th  S ta p f  and P ich o n  ,

58and o f  th e  p l a n t s  d e s ig n a te d  V ,s c h w e in fu r th i i  by De W ildeman and  Durand , 

o f  w hich a t  l e a s t  one was i d e n t i f i e d  a s  Y. a f r io a n a  by S ta p f

I t  a p p e a rs  t h a t  th e  c h a r a c te r  c o n s id e re d  o f  m ajo r d ia g n o s t ic  s i g -
5

n if io a n o e  was th e  s iz e  o f  th e  f lo w e r .  T h is  was c l e a r l y  s t a t e d  by P iohon  

who d ism is se d  suoh c h a r a c te r s  a s  ty p e  o f in f lo r e s c e n c e  and c o lo u r  o f  c o r ­

o l l a  a s  b e in g  to o  v a r i a b l e ,  and c o n s id e re d  th e  s iz e  o f  th e  e n t i r e  c a ly x  

and  o f  th e  c o r o l l a  tu b e , b u t  n o t  o f  th e  c o r o l l a  lo b e ,  to  be more r e l i a b l e  

s y s te m a tic  c h a r a c t e r s .  On t h i s  b a s i s ,  P iohon  s t i l l  c o n s id e re d  V .schw ein ­

f u r t h i i  and Y .a f r io a n a  d i s t i n c t  s p e c ie s  and s u f f i c i e n t l y  so to  d e s c r ib e ,  

f o r  th e  f i r s t  t im e , v a r i e t i e s  o f  each  o f  th e s e  s p e c ie s ,  and  y e t  i n  h i s  

key  to  th e  c l a s s i f i c a t i o n  o f  th e  g en u s, th e  v a lu e s  f o r  th e  le n g th s  o f  

c a ly x  o f  th e  two s p e c ie s  showed some o v e r la p , and o n ly  th e  ra n g e s  o f  

le n g th s  o f c o r o l l a  tube  w ere q u i te  s e p a r a te .  T h is  i s  a  r a t h e r  s l i g h t  

m o rp h o lo g ic a l d i s t i n c t i o n .

The s i m i l a r i t i e s  o f  th e  stem  b a rk s  o f  th e  two s p e c ie s  have a lr e a d y  

been  d is c u s s e d .  A n a to m ic a lly  t h e i r  d i f f e r e n c e s  w ere so s l i g h t  t h a t  i t
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was p ro b a b le  th e y  h a d  a r i s e n  sim ply  from the  method o f  c o l l e c t i o n .  T hat 

t h e i r  m a c ro so o p io a l  and m ic ro s c o p ic a l  c h a r a c t e r s  were so s i m i l a r  was n o t  

s u r p r i s i n g ,  b u t  th e  absence  o f  any s i g n i f i c a n t  s t r u c t u r a l  d i f f e r e n c e ,  

th e  rem arkab le  s i m i l a r i t i e s  i n  s i z e  and d i s t r i b u t i o n  o f  th e  m icro s o o p ic a l  

s t r u c t u r e s ,  em phasised  by th e  s t u d i e s  on n u m e r ic a l  v a lu e s ,  su g g e s te d  a 

p a r t i c u l a r l y  c lo s e  r e l a t i o n s h i p »  A lso ,  th e  a l k a l o i d a l  c o m p o s it io n  o f  

th e  two b a rk s  was v e ry  s i m i l a r ,  p o s s ib l y  i d e n t i c a l .

The taxonom ic im p o rtan ce  o f  th e  s i m i l a r i t i e s  be tw een  th e  stem  b a rk s  

o f  V . s c h w e in f u r th i i  and  V .a f r io a n a  i s  d i f f i c u l t  to  a s s e s s .  S im i la r  ana ­

to m ic a l  and c h em ica l  s t u d i e s ,  th e  l a t t e r  b e in g  e x te n d e d  to  in c lu d e  com­

pounds o t h e r  th a n  a l k a l o i d s ,  o f  th e  o t h e r  m o rp h o lo g ic a l  p a r t s  o f  th e  

p l a n t s  would shed  more l i g h t  on t h e i r  i n t e r r e l a t i o n s h i p .  N e v e r th e l e s s ,  

th e  e v id en ce  p r e s e n t e d  would su p p o r t  th e  m erging  o f  th e  two s p e c i e s .

Evidence  h a s  th u s  been  p r e s e n t e d  to  i n d i c a t e  t h a t  th e  v a r i o u s  p l a n t s  

d e s c r ib e d  a s  b e lo n g in g  to  th e  two s p e c ie s  V . s c h w e i n f u r th i i  and V .a f r io a n a  

m igh t be more a p t l y  c l a s s e d  i n  a  s in g l e  s p e c i e s ,  th e  d i f f e r e n c e s  i n  the  

d im ension s  o f  th e  f l o r a l  p a r t s  p e rh a p s  b e in g  s u f f i c i e n t  to  w a r r a n t  d iv ­

i s i o n  o f  t h i s  s p e c i e s  i n t o  l a r g e  and s m a l l - f lo w e re d  v a r i e t i e s .  I t  h a s

a l s o  been  n o te d  t h a t  th e  g e o g ra p h ic a l  d i s t r i b u t i o n  o f  th e  p l a n t s  o f  th e

5two s p e c i e s ,  from  th o se  l i s t e d  by P iohon  , i n d i c a t e d  t h a t  V ,s c h w e in f u r th i i  

o c c u r re d  m ost commonly i n  a  somewhat r e s t r i c t e d  r e g io n  i n  th e  Congo b a s in  

which h a s  an e x c e p t i o n a l l y  h ig h  r a i n f a l l ,  w hereas th e  more w id e ly  d i s t r i ­

b u te d  V .a f r io a n a  was found  p r i m a r i l y  i n  h o t t e r ,  d r i e r  a r e a s ,  a l th o u g h  a
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few o f  th e  p l a n t s  d e s c r ib e d  o c c u r r e d  i n  th e  same a r e a  a s  V . s c h w e i n f u r t h i i . 

I t  i s  t h u s  p o s s i b l e  t h a t  th e  sm a ll  d i f f e r e n c e s  i n  th e  s i z e  o f  th e  f l o w e r s  

o f  th e  two s p e c i e s  may be r e l a t e d  to  th e  e co lo g y  o f  th e  e n v iro n m e n t ,  o r
C  1 1 *\(H, ( V cV W oft iO

th e y  may be r e g a rd e d  a s  t wo o l i n o s - o f  a  s i n g l e  s p e c i e s .
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Chem o-taxonony o f  th e  genus Yoaoanga

T r a d i t i o n a l  s y s te m a t ic  taxonomy was fo und ed  s o l e l y  on m orphology 

b u t  modern schemes o f  taxonomy tales i n t o  a c c o u n t  in f o r m a t io n  i n  g e n e r a l  

on any p a r t i c u l a r  p l a n t ,  i n c lu d in g  i t s  c h em ica l  c o n s t i t u e n t s .  The know­

le d g e  o f  the  c o n s t i t u e n t s  o f  a p l a n t  may be u se d  a s  a  method o f  c l a s s i f ­

i c a t i o n  i n  two d i s t i n c t  ways. I t  may be u se d  a s  t h e  s o le  b a s i s  o f  a 

c l a s s i f i c a t i o n  c o n c e iv e d  f o r  some s p e c i f i c  p u rp o s e ,  t h a t  i s  an a r t i f i c i a l  

c l a s s i f i c a t i o n ,  o r  i t  may be combined w i th  o t h e r  i n f o r m a t i o n ,  p a r t i c u l a r l y  

m o rp h o lo g ic a l ,  i n  a g e n e r a l  c o r r e l a t i o n  o f  a t t r i b u t e s ,  a s  i n  a  n a t u r a l  

c l a s s i f i c a t i o n .  T h is  n a t u r a l  c l a s s i f i c a t i o n  b a s e d  on o v e r a l l  resem b lance  

i s  o f  more g e n e r a l  taxonom ic v a lu e .

B r i e f l y ,  t h i s  modern approach  may be s a i d  to  be b a s e d  on th e  r e a s o n ­

i n g  t h a t  th e  n a tu r e  o f  a  p l a n t  i s  d e te rm in ed  e s s e n t i a l l y  by i t s  c y to g e n ­

e t i c  c h a r a c t e r  and  t h i s  c o n t r o l s  th e  b io c h e m is t ry  o f  th e  p l a n t ,  and 

hence  i t s  b i o s y n t h e t i c  sys tem s and t h e i r  e n d - p r o d u c t s ,  and i t s  g e n e r a l  

m orphology. From th e  p r a c t i c a l  p o i n t  o f  v iew , i n v e s t i g a t i o n  o f  th e  b i o ­

s y n t h e t i c  p ro d u c t s  and e x a m in a t io n  o f  th e  g e n e r a l  m orphology o f  th e  p l a n t  

a re  f a i r l y  r e a d i l y  a c h ie v e d .  One o bv io u s  ad v an tag e  o f  c h em ica l  d a ta  o v e r  

many p o i n t s  o f  m o rp h o lo g ic a l  d i f f e r e n t i a t i o n ,  i s  t h a t  th e y  a re  p u r e ly  

o b j e c t i v e ,  w h e re a s ,  f o r  exam ple , th e  d e s c r i p t i o n  o f  th e  shape c f  a  p a r ­

t i c u l a r  m o rp h o lo g ic a l  s t r u c t u r e  i s  l a r g e l y  s u b j e c t i v e .

C l e a r ly ,  th e  more com prehensive  th e  knowledge o f  th e  c o n s t i t u e n t s
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o f  a p l a n t ,  th e  more a c c u r a t e l y  i t  r e f l e c t s  th e  o v e r a l l  n a tu r e  o f  th e  h i o -  

o h e m is t iy  o f  th e  p l a n t ,  h u t  i n  p r a c t i c e ,  c h em ica l  i n v e s t i g a t i o n s  a re  

u s u a l l y  r e s t r i c t e d  to  one , o r  a  few , ty p e s  o f  compounds. T h is  ap p ro ach  

means t h a t  o n ly  compounds o f  r e s t r i c t e d  o c c u r re n c e  m ust he c o n s id e r e d ,  

th e  p r e s e n c e  o f ,  f o r  exam ple , s im p le ,  common s u g a r s  w ould  o b v io u s ly  have 

no taxonom ic s ig n i f i c a n c e *  Thus i t  i s  th e  o c c u r re n c e  o f  complex secon ­

d a ry  p r o d u c t s  which a re  o f  v a lu e  i n  chemo-taxonomy, suoh a s  f l a v o n o i d s ,  

g ly c o s id e s  and  a l k a l o i d s ;  even  w i t h in  th e s e  g ro u p s  some r e l a t i v e l y  s im p le  

members may be o n ly  p r e c u r s o r s  o f  th e  more com plex compounds p r e s e n t  and 

th u s  be more w id e ly  d i s t r i b u t e d  th a n  th e  e n d - p r o d u c t s ,  and , c o n s e q u e n t ly ,  

o f  s l i g h t  taxonom ic v a lu e .  An example o f  a r e l a t i v e l y  s im ple  a l k a l o i d  

o f  v e ry  wide d i s t r i b u t i o n  i n  th e  p l a n t  kingdom i s  n i c o t i n e ,  and hence  i t s  

p re s e n c e  i n  a  p a r t i c u l a r  p l a n t  i s  o f  l i t t l e  taxonom ic v a lu e .  However, 

i t  i s  p o s s i b l e  t h a t  when s u f f i c i e n t  i n f o r m a t io n  on  i t s  o c c u r re n c e  h a s  

a cc u m u la te d ,  i t s  r o l e  i n  b i o s y n t h e t i c  system s may become c l e a r  and  i t  may 

th e n  p rove  o f  taxonom ic s i g n i f i c a n c e ,  most l i k e l y  a t  a  l e v e l  c o n s id e r a b ly  

h ig h e r  th a n  th e  s p e c i e s  l e v e l .

The Voacanga a l k a l o i d s  a r e  complex in d o le  compounds and hence  may

be c o n s id e r e d  to  have taxonom ic s i g n i f i c a n c e .  Suoh compounds a p p e a r  to

be l a r g e l y  r e s t r i c t e d  to  th e  f a m i l i e s  Legum inosae, L o g a n ia c e a e ,  Apooynaceae 

1 38 1 59and R ubiaoeae  ’ . A ltho ugh  o n ly  a  l i m i t e d  amount o f  in f o r m a t io n  on

th e  o c c u r re n c e  o f  a l k a l o i d s  i n  th e  genus Voacanga i s  a v a i l a b l e  (See P a r t  

11) ,  t h i s  may be c o n s id e r e d  i n  r e l a t i o n  to  th e  m o rp h o lo g ic a l  sys tem s o f
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c l a s s i f i c a t i o n  o f  th e  g en u s,

9 9The f o u r  m a jo r  a l k a l o i d s  o f  V . a f r i o a n a . voacam ine , v o h tu s in e ^ ,

8 12vo acan g in e  and  v o a c o r in e  , a l s o  o c c u r  i n  V . s c h w e i n f u r th i i  and V . h r a c t -

20 9 10 e a t a  , and , w i th  th e  e x c e p t io n  o f  v o a c o r in e ,  i n  V. t h o u a r s i l  v a r .  o h tu s a  * .

5A ccord ing  to  th e  c l a s s i f i c a t i o n  o f  th e  genus by  P io h o n  , th e  f i r s t  t h r e e  

o f  th e s e  s p e c i e s  o c c u r  i n  th e  s e c t i o n  8t r e n t e s t e p h a n u s . a lo n g  w i th  th e  

s p e c i e s  V .m io ra n th a  and  V.p s i l o  c a l y x , whose c h e m is t r y  h a s  n o t  b e en  

s t u d i e d .  However, V. t h o u a r s i i  v a r ,  o b tu s a  i s  p l a c e d  i n  th e  s e c t i o n  

Q ro h ip ed a .

A cco rd in g  to  th e  e a r l i e r  c l a s s i f i c a t i o n  o f  Schumann^, a l th o u g h  the 

s p e c i e s  V . t h o u a r s i i  a g a in  a p p e a rs  i n  th e  s e c t i o n  Orc h ip e  d a . th e  s p e c ie s  

V ,o b tu s a  K .Sohum ., b a s e d  on th e  p l a n t  l a t e r  d e s c r i b e d  a s  th e  v a r i e t y  

V . t h o u a r s i i  v a r .  o b tu s a  by P ic h o n ,  i s  p l a c e d  i n  th e  s e c t i o n  S t r e p t o -  

s te p h a n u s . A chem o-taxonom ic c l a s s i f i c a t i o n  w ould s u g g e s t  th e  r e t e n t i o n  

o f  V .o b tu s a  a s  a s e p a r a te  s p e c i e s  d i s s o c i a t e d  from  V . th o u a r s i i . and th u s  

a l l  th e  s p e c i e s  w i t h i n  th e  s e c t i o n  S t r e p to s t e p h a n u s . whose c h e m is t ry  h a s  

been  s t u d i e d ,  w ould c o n ta in  th e  a l k a l o i d s  voacam ine , v o b tu s in e ,  v oacang ine . 

and  ( p o s s ib l y )  v o a c o r in e .  A l t e r n a t i v e l y ,  i f  f u r t h e r  s tu d y  o f  th e  a l k a l ­

o id s  o f  V . t h o u a r s i i  v a r .  o b tu s a  c o n firm ed  th e  ab sen c e  o f  v o a c o r in e ,  t h i s  

may be o f  taxonom ic s i g n i f i c a n c e .

C o n f l i c t i n g  r e p o r t s  on th e  a l k a l o i d a l  c o n t e n t  o f  the  o t h e r  v a r i e t y

o f  V . t h o u a r s i i  nom in a ted  by P ic h o n ,  V , t h o u a r s i i  v a r .  d r e g e i . have b een

1 8p r e s e n t e d .  A cco rd in g  to  S c h u le r  e t  a l . , t h i s  v a r i e t y  c o n ta in s  two o f



-  205 "

th e  a l k a l o i d s  p r e s e n t  i n  p l a n t s  b e lo n g in g  to  th e  s e c t i o n  S t r e p to  s t e p h a n u s ,

namely v o acan g in e  and v o b tu s in e .  T h is  would s u g g e s t  a  c lo s e  r e l a t i o n s h i p

be tw een  t h i s  v a r i e t y  and V . t h o u a r s i i  v a r .  o b tu sa .  However, N euss and  

i 9Cone l a t e r  f a i l e d  to  f i n d  th e s e  a l k a l o i d s  i n  V . t h o u a r s i i  v a r ,  d r e g e i . 

b u t  i s o l a t e d  i n s t e a d  an a l k a l o i d  n o t  p r e s e n t  i n  any o f  th e  p l a n t s  b e lo n g ­

in g  to  th e  s e c t i o n  S t r e p to s t e p h a n u s . namely d reg am ine . I f  th e  more 

r e c e n t  r e s u l t s  a re  a c c e p te d  a s  a c c u r a t e ,  t h i s  c o u ld  be t a k e n  a s  c o n f i rm ­

a t i o n  o f  th e  m ain tenance  o f  V .o b tu sa  a s  a s p e c i e s ,  and  th e  p re s e n c e  o f  

dre  gamine may be a c h a r a c t e r  o f  th e  s e c t i o n  Q ro h ip ed a , U n f o r tu n a te ly  

no i n f o r m a t io n  i s  a v a i l a b l e  on th e  c h em ica l  c o n s t i t u e n t s  o f  the  o t h e r  

s p e c ie s  i n  t h i s  s e c t i o n .

The o n ly  o t h e r  s p e c ie s  o f  th e  genus which h a s  b e en  s t u d i e d  chem io- 

21a l l y  i s  V . c h a l o t i a n a  . T h is  s p e c ie s  i s  c l a s s i f i e d  q u i t e  s e p a r a t e l y  by 

P ic h o n  a s  th e  s o le  member o f  th e  s e c t i o n  C h a l o t i a . and i t  i s  s i g n i f i c a n t  

t h a t  i t  c o n ta in s  th e  a l k a l o i d  v o a o h a lo t in e ,  a s  y e t  r e p o r t e d  i n  no o t h e r  

p l a n t .
-j 77 O'! _95

S e v e ra l  o f  th e  Voacanga a l k a l o i d s  o c c u r  i n  o t h e r  g e n e ra  '  '  ,

and i t  i s  no tev /o r th y  t h a t  th e s e  a r e  a l l  c l o s e l y  r e l a t e d  taxonomic a l l y  

w i t h in  the  f a m i ly  Apooynaceae,

I t  i s  th u s  seen  t h a t  the  in f o r m a t io n  a v a i l a b l e  i s  n o t  y e t  s u f f i c i e n t  

to  p e rm i t  any f i r m  c o n c lu s io n s  a s  to  the  chemo-taxonomy o f  th e  genus 

V oacanga . though th e  ev id en ce  which h a s  been  p r e s e n t e d  would seem, i n  

g e n e r a l ,  to  c o n f irm  th e  e x i s t i n g  m o rp h o lo g ica l  c l a s s i f i c a t i o n .
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P A R T  I X

S U M M A R Y  A N D  C O N C L U S I O N S
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1 .  A g e n e r a l  rev ie w  o f  th e  genus Voacanga i s  p r e s e n t e d ,  c o m p ris in g  

th e  h i s t o r y  and developm ent o f  t h e  taxonomy o f  th e  gen u s , a  d e t a i l e d  s u r ­

vey  o f  th e  a l k a l o i d s  p r e s e n t  i n  s e v e r a l  members o f  th e  g enus, and  an  

a c c o u n t  o f  th e  p h a rm a c o lo g ic a l  a c t i o n s  o f  th e s e  a l k a l o i d s .

2 . The a l k a l o i d a l  c o m p o s i t io n  o f  th e  stem b a rk  o f  Voacanga 

s c h w e in f u r th i i  S ta p f  h a s  been  s t u d i e d  i n  d e t a i l  and  shown to  c o n s i s t  o f  

a b o u t  t e n  a l k a l o i d s .

Of th e s e  a l k a l o i d s ,  th e  t h r e e  m ajo r  o n e s ,  voacam ine, v o b tu s in e  and 

v o a c o r in e ,  have b een  i s o l a t e d  and c h a r a c t e r i s e d ;  two o t h e r s  have been  

shown to  be p r e s e n t  i n  sm all  am ounts, v oacang ine  and  an  u n i d e n t i f i e d  

a l k a l o i d ;  and th e  p re s e n c e  o f  t r a c e s  o f  s e v e r a l  o t h e r  a l k a l o i d s ,  p ro b a b ly  

a t  l e a s t  f i v e ,  h a s  been  i n d i c a t e d .

3. A com prehensive  s tu d y  o f  th e  a n a to m ic a l  s t r u c t u r e  o f  th e  stem  

b a rk  o f  V. s c h w e i n f u r t h i i . i n  b o th  th e  whole and  pow dered c o n d i t i o n s ,  h a s  

been  made; t h i s  s t r u c t u r e  h a s  been  d e s c r ib e d  and i l l u s t r a t e d  and shown to  

be t y p i c a l  o f  th e  b a rk s  o f  p l a n t s  o f  th e  f a m i ly  Apooynaceae.

4 .  A s i m i l a r  s tu d y  o f  th e  anatomy o f  th e  stem b a rk  o f  Voacanga 

a f r i o a n a  S ta p f  h a s  been  c a r r i e d  o u t  and shown to  d i f f e r  from  t h a t  o f  th e  

b a rk  o f  V. s c h w e in f u r t h i i  i n  o n ly  a  fev; i n s i g n i f i c a n t  d e t a i l s .

5 .  A t te m p ts  have been  made to  d e v is e  s u i t a b l e  n u m e r ic a l  v a lu e s ,
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b a se d  on s c l e r e i d s ,  f i b r e s ,  and c r y s t a l s ,  to  d i f f e r e n t i a t e  th e  b a rk s  o f  

V . s c h w e i n f u r th i i  and  V , a f r i c a n a . b u t  th e s e  v a lu e s  have se rv e d  o n ly  to  

em phasise  th e  s t r u c t u r a l  s i m i l a r i t i e s  o f  th e  b a rk s  o f  th e  two s p e c i e s .

6# From th e  s l i g h t  d i f f e r e n c e s  i n  th e  g e n e r a l  morphology and i n  

th e  s t r u c t u r e s  and  a l k a l o i d a l  c o m p o s it io n s  o f  th e  stem b a rk s  o f  th e  tv/o 

s p e c ie s  V. s c h w e in f u r t h i i  and V . a f r i o a n a . th e  p o s s i b i l i t y  o f  m erging th e s e  

i n t o  a  s in g l e  s p e c i e s ,  i s  d i s c u s s e d .  I t  i s  c o n s id e r e d  t h a t  i n s u f f i c i e n t  

in f o r m a t io n  h a s  b e en  accu m u la ted  to  p e rm i t  any f i r m  c o n c lu s io n ,  b u t  t h a t  

which h a s  b een  p r e s e n t e d  would s u p p o r t  such a move,

7 . C o n s id e r a t io n  o f  th e  chemo-taxonomy o f  th e  genus Voacanga h a s  

been  made and i t  i s  su g g e s te d  t h a t  th e  t h r e e  m ajo r  s e c t i o n s  o f  th e  genus, 

a c c o rd in g  to  a c c e p te d  m o rp h o lo g ic a l  c l a s s i f i c a t i o n s ,  may be c h a r a c t e r i s e d  

by the  p re s e n c e  o f  s p e c i f i c  a l k a l o i d s .

On t h i s  b a s i s ,  Voacanga o b tu s a  K.Sohum, sh o u ld  be r e t a i n e d  a s  a 

s e p a r a t e  s p e c i e s ,  i n  th e  s e c t i o n  S t r e p to  s te p h a n u s . and n o t  d e s ig n a t e d  a 

v a r i e t y  o f  Voacanga t h o u a r s i i  Roem, and S c h u l t , , which b e lo n g s  to  th e  

s e c t i o n  Q ro h ip e d a .

Chemical s t u d i e s  m ust be ex te n d ed  to  o t h e r  s p e c i e s  o f  th e  g enus , 

and  to  m o rp h o lo g ic a l  s t r u c t u r e s  o t h e r  th a n  th e  stem b a rk ,  b e fo r e  th e  

r e l a t i o n s h i p  be tw een  the  c h em ica l  c o n s t i t u e n t s  and  taxonomy can  be f u l l y  

a s s e s s e d .
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