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W h a t  h a v e  t h e s e  t h r e e  in  c o m m o n  ?

No m a rk s  fo r say in g  th e  an sw e r’s m ed ica l, b u t th e r e ’s 
m ore  to  i t  th a n  th a t .  T he m odern  p ro d u c ts  of re 
sea rch  w hich b rin g  th e  p a t ie n t  b ack  to  a  fu lle r  en jo y 
m e n t of p h y sica l an d  m e n ta l h e a lth  a re  on ly  cne 
a sp ec t of th e  fu n c tio n s  of A llen  & H an b u ry s L td  — i t  
is  h ig h ly  l ik e ly  t h a t  th e  g en e ra l p ra c t i t io n e r ’s 
s te th o sco p e  o r th e  eq u ip m en t of th e  o p e ra tin g  
th e a tr e  s tem m ed  from  th e  sam e source . We’ve been 
h e lp in g  d o c to rs , su rg eo n s — an d  p a t ie n ts  — fo r a  
long  tim e .
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O IN T M EN T  A N D  EM U LSION  BASES (C E T O M A C R O G O L  1000 BPC)
C O L D  W AVE EM ULSIONS  
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“C C L L O N E S ” Anionic, Cationic and Non-Ionic Self-Emulsifying Waxes for Cosmetic 
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Information includes specific advice on the use of ‘‘M O R P A N  C H S A ” 
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Review Article
The physical chemistry of some non-ionic detergents*
P. H . E L W O R T H Y , B .Pharm ., P h .D ., M .P .S ., A .R .I.C . A N D  C. B. M A C F A R L A N E , 

B.Sc., P h .D ., M .P.S.

T H E  p h y s ic a l  c h e m is t r y  o f  n o n - io n ic  d e te r g e n ts ,  in  p a r t i c u l a r  t h e i r  
s u r f a c e  a c t iv i ty  a n d  m ic e lla r  p r o p e r t i e s  in  a q u e o u s  s o lu t io n ,  h a s  

r e c e iv e d  m u c h  a t t e n t io n .  I n  th is  re v ie w  th e  p h y s ic a l  c h e m is try  o f  p o ly 
o x y e th y le n e -e th e r  d e te r g e n ts  o f  th e  ty p e  M e [ C H 2 ]y - [O C H 2 -C H 2]x -O H  is 
o u t l in e d .  F o r  c o n v e n ie n c e ,  th e  f o r m u la e  a r e  a b b r e v ia te d  in  th e  s ty le  t h u s : 
D o d e c y l - n 6  f o r  M e -[C H 2 ]n - [O C H 2 -C H 2 ] 6 -O H , n  r e p re s e n t in g  th e  e th y le n e  
o x id e  u n i t .

N o n - io n ic  d e te r g e n ts  d o  n o t  io n is e  in  a q u e o u s  s o lu t io n ,  a n d  th u s  h a v e  
m a n y  a d v a n ta g e s  b o t h  in  d e te r g e n t  p r o p e r t i e s  a n d  f o r  c h e m ic a l  s tu d ie s .  
F u r th e r m o r e ,  a  r a n g e  o f  c o m p o u n d s  w i th  a  c o n s t a n t  h y d r o p h o b ic  p o r t io n ,  
b u t  a  v a r y in g  h y d r o p h i l i c  m o ie ty ,  c a n  b e  o b ta in e d  w i th o u t  f u n d a m e n ta l ly  
a l t e r in g  th e  c h e m ic a l  s t r u c tu r e  o f  th e  d e te r g e n t ,  e n a b l in g  a  fu l le r  a n d  m o re  
c o m p r e h e n s iv e  s tu d y  to  b e  m a d e  th a n  is  p o s s ib le  in  a n  io n ic  se r ie s  w h e re  
th e  h y d r o p h i l ic  p o r t io n  c a n  b e  a l te r e d  o n ly  b y  c h a n g in g  th e  io n .

A l th o u g h  p o ly m e r s  o f  e th y le n e  o x id e  o f  u p  to  s ix  u n i ts  w e re  f ir s t  
s y n th e s is e d  o v e r  100 y e a r s  a g o ,  i t  w a s  n o t  u n t i l  a r o u n d  1930  t h a t  th e i r  
c o m m e rc ia l  p o t e n t i a l ,  a n d  p a r t i c u la r ly  t h a t  o f  t h e i r  d e r iv a tiv e s ,  w a s  
r e a l is e d .  S in c e  th e n  w id e  r a n g e s  o f  c o m p o u n d s  i n c o r p o r a t in g  th e  p o ly 
o x y e th y le n e  g ly c o ls  h a v e  b e e n  p r o d u c e d  f o r  a  m u l t i tu d e  o f  p u r p o s e s ,  
r a n g in g  f r o m  a id s  in  d r i l l in g  t o  p h a r m a c e u t ic a l  p r e p a r a t i o n s ,  w h e re  t h e i r  
w e t t in g ,  f o a m in g ,  d is p e r s in g ,  o r  e m u ls i fy in g  p r o p e r t i e s  a r e  u t i l i s e d .

I n  th e  s tu d y  c f  n o n - io n ic  d e te r g e n ts  th e  m o s t  im p o r t a n t  e x p e r im e n ta l  
m e th o d s  u s e d  h a v e  b e e n  th o s e  d e s c r ib e d  b e lo w .

LIGHT SCATTERING

M e a s u r e m e n t  o f  th e  tu r b id i ty ,  r ,  a s  a  f u n c t io n  o f  c o n c e n t r a t io n ,  c, 
g iv es  th e  m ic e lla r  w e ig h t,  M , f r o m

H e
(1)

w h e re  H ,  is  th e  o p t ic a l  c o n s t a n t  ( d e p e n d e n t  o n  th e  w a v e le n g th  o f  l ig h t  
u s e d ,  t h e  sp e c if ic  r e f r a c t iv e  in d e x  in c r e m e n t ) ;  c  a n d  r  a r e  p r e v io u s ly  
c o r r e c te d  b y  s u b t r a c t io n  o f  th e  a p p r o p r i a te  v a lu e s  f o r  th e  c o n c e n t r a t io n  
a n d  th e  t u r b id i ty  o f  th e  s o lu t io n  a t  th e  c r i t ic a l  m ic e lla r  c o n c e n tr a t io n .  
B , th e  s e c o n d  v i r ia l  c o e ff ic ie n t, is  a  f u n c t io n  o f  th e  size  a n d  s h a p e  o f  th e  
m ic e lle s .

I n  e q u a t io n  (1 ) i t  is  a s s u m e d  t h a t  n o  m ic e lla r  d im e n s io n  e x c e e d s  A/20 
(« ¿ 2 5 0  A). F o r  l a r g e r  p a r t ic le s ,  th is  e q u a t io n  is  m o d if ie d  t o  in c lu d e  th e  
p a r t i c le  s c a t te r in g  f a c to r ,  P (9).

F ro m  th e  D ep artm en t o f Pharm acy, U niversity  o f S trathclyde, G lasgow , C .l.
* T he first o f tw o articles discussing this topic.
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VISCOSITY

M e a s u r e m e n t  o f  th e  sp e c if ic  v is c o s i ty ,  i j Sp, a s  a  f u n c t io n  o f  c o n c e n t r a 
t io n  e n a b le s  th e  in t r in s ic  v is c o s i ty ,  [1 7 ], t o  b e  d e te rm in e d .

^  =  M  =  v(V 2  +  WlV i ) ..................................  (2 )

c  —> 0

w h e re  v, is  a  f a c to r  d e p e n d in g  o n  th e  s h a p e  o f  th e  p a r t ic le s  (S im h a ,  1 9 4 5 ); 

V 2, th e  p a r t i a l  sp e c if ic  v o lu m e  o f  th e  s o l u t e ; V °, th e  sp e c if ic  v o lu m e  o f  th e  
s o lv e n t ;  a n d  w x, th e  s o lv a t io n  e x p re s s e d  a s  s o lv e n t /g  so lu te .  T h e  
m e a s u r e d  in t r in s ic  v is c o s i ty  th e r e f o r e  d e p e n d s  o n  b o t h  th e  s h a p e  a n d  th e  
s o lv a t io n  o f  th e  m ic e lle s .

DIFFUSION

F o r  a  s p h e r ic a l ,  u n s o lv a te d  m ic e lle  th e  d if fu s io n  c o e ff ic ie n t, D ,  a f te r  
e x t r a p o la t io n  to  z e r o  c o n c e n t r a t io n ,  is  r e la te d  t o  th e  m ic e lla r  w e ig h t  a n d  
th e  v is c o s i ty  o f  th e  m e d iu m , rj, b y :

D  =
R T

67T7] Nl 3 M V a\ j  

4 ttN  )

(3)

w h e re  N ,  is  A v o g a d r o ’s N u m b e r ; R  a n d  T  h a v e  th e i r  u s u a l  s ig n if ic a n c e . 
C o r r e c t io n s  f o r  d e v ia t io n s  f r o m  a  s p h e r ic a l  s h a p e  o r  f o r  th e  p re s e n c e  o f  
s o lv a tio n  m a y  b e  d e te r m in e d  u s in g  v is c o s i ty  o r  s e d im e n ta t io n  v e lo c ity  
re s u lts .

T h e  c o m b in a t io n  o f  d if fu s io n , v is c o s i ty ,  a n d  s e d im e n ta t io n  d a t a  in  th e  
m a n n e r  s u g g e s te d  b y  S c h e ra g a  &  M a n d e lk e r n  (1 9 5 3 ), c a n  le a d  to  th e  
i n d e p e n d e n t  d e te r m in a t io n  o f  p a r t i c le  s h a p e  a n d  h y d r a t io n .  T h e  u s e  o f  
th e s e  r e la t io n s h ip s  im p lie s  t h a t  th e  m ic e lle  is  t r e a te d  a s  a  r e a s o n a b ly  
r ig .d  p a r t ic le .

SEDIMENTATION VELOCITY

F r o m  th e  m e a s u r e m e n ts  o f  th e  s e d im e n ta t io n  c o e ff ic ie n t, s , e x tr a p o la te d  
t o  z e ro  c o n c e n t r a t io n ,  th e  m ic e lla r  w e ig h t  c a n  b e  o b ta in e d  f r o m  :

M  =
R T s

D (1  — V 2P)
(4)

w h e re  p  is  th e  d e n s i ty  o f  th e  so lv e n t.  T h e  m ic e lla r  w e ig h t  o b ta in e d  f r o m  
th is  la s t  e q u a t io n  is  in d e p e n d e n t  o f  p a r t ic le  s h a p e  a n d  s o lv a tio n .

Preparation of ethylene oxide adducts
E th y le n e  o x id e  is  a  c o lo u r le s s  g a s  w i th  a n  e th e r - l ik e  o d o u r ,  p r e p a r e d  

o n  a  s m a ll  s c a le  b y  h e a t in g  2 - c h lo r o e th y l  a c e ta te  w i th  p o t a s s iu m  h y d r 
o x id e  a n d  o n  a  c o m m e rc ia l  sc a le  b y  th e  c h lo r o h y d r in  p ro c e s s ,  o r  b y  d i r e c t  
o x id a t io n  o f  e th y le n e .  H ig h ly  in f la m m a b le ,  l ia b le  to  u n d e r g o  e x o th e r m ic  
r e a c t io n  w i th  i ts e lf ,  a n d  o f  a  to x ic i ty  s im ila r  t o  c a r b o n  m o n o x id e ,  i t  is  
h o w e v e r  th e  f u n d a m e n ta l  u n i t  in  t h e  p r o d u c t io n  o f  p o ly o x y e th y le n e
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p o ly m e rs .  A l th o u g h  e a r ly  p o ly o x y e th y le n e  g ly c o ls  w e re  m a d e  a s  b y 
p r o d u c ts  o f  d ie th y le n e  g ly c o l  s y n th e s e s  (L a u r e n c o ,  1859 , 1 8 6 3 ;  W u r tz ,  
18 5 9 , 186 3 ), a ll  e th y le n e  o x id e  a d d u c t s  m a d e  o n  a  c o m m e rc ia l  b a s is  t o d a y  
a r e  p r e p a r e d  b y  th e  p o ly m e r i s a t io n  o f  e th y le n e  o x id e  in  th e  p re s e n c e  o f  a  
s u i ta b le  c a ta ly s t  (C o h e n ,  1 9 5 2 ; V a u g h a n ,  J a c k s o n  &  L u n s te d ,  19 4 9 , 1 9 5 2 ; 
S te v e n s , 1 9 5 7 ; W r ig le y , S m i th  &  S t i r to n ,  1 9 5 7 ; F in e ,  1958).

V a r io u s  sc h e m e s  h a v e  b e e n  s u g g e s te d  f o r  th e  p o ly m e r i s a t io n  m e c h a n 
ism  ; s e v e ra l  o f  w h ic h  a p p e a r  t o  b e  in f lu e n c e d  b y  th e  ty p e  o f  c a ta ly s t  u se d . 
G e e ,  H ig g in s o n  &  M e r r a l  (1 9 5 9 ) s u g g e s te d  th e  fo l lo w in g  r e a c t io n  s e q u e n c e  
w h e n  a n  a lk o x id e  io n  e .g . s o d iu m  m e th o x id e  is  u s e d  a s  i n i t i a t o r :

PHYSICAL CHEMISTRY OF SOME NON-IONIC DETERGENTS

R O -  +  C H . C H ,  - >  R O - C H . - C H . - O "

C

n [ C H 2- C H 2]

O

R [ 0 - C H 2- C H 2] n_ 10 _

V a r io u s  o th e r  c a ta ly s ts ,  a lk a l in e  a n d  a c id ,  h a v e  b e e n  m e n t io n e d  in  th e  
l i t e r a t u r e ; a s  a  g e n e ra l  r o u t e  f o r  th e  p o ly m e r is a t io n  F in e  (1 9 5 8 ) p r o p o s e d  
t h a t  th e  e p o x id e  r in g  o f  th e  e th y le n e  o x id e  o p e n e d ,  c o m b in e d  w ith  a n  
a c t iv e  h y d r o g e n  a to m  c o n ta in e d  in  a  f u n c t io n a l  g r o u p  o f  th e  s e c o n d  
r e a c ta n t ,  t h e n  c o m b in e d  w i th  th e  l a t t e r  t o  f o r m  i ts  h y d ro x y e th y l  d e r iv a tiv e .

R - O H  +  C H 2- C H 2 -s- RO<->  +  (+ >C H 2- C H 2- O H  ->■ R O - C H 2- C H 2- O H

R 0 - [ C H 2- C H 2-0 ] n + 1H < ------

T h e  a c t iv e  h y d r o g e n  o f  th e  h y d ro x y e th y l  g r o u p  w a s  t h e n  a v a i la b le  f o r  
r e a c t io n  w i th  a n  a d d i t i o n a l  e p o x id e  g r o u p ,  a n d ,  b y  r e p e t i t io n  o f  th is  
p ro c e s s ,  th e  p o ly o x y e th y le n e  c o m p o u n d  w a s  b u i l t  u p ;  th e  d e g re e  o f  
p o ly m e r is a t io n  b e in g  c o n tr o l l e d  b y  th e  a m o u n t  o f  e th y le n e  o x id e  m a d e  
a v a i la b le .

A lc o h o ls ,  p h e n o ls ,  c a r b o x y l ic  a c id s ,  a m in e s ,  a m id e s ,  a lk y l  a n d  a ry l  
s u g a r  d e r iv a tiv e s ,  a n d  m e r c a p ta n s  a r e  a m o n g  th e  c o m p o u n d s  m o s t  
c o m m o n ly  c o m b in e d  w i th  a  p o ly o x y e th y le n e  c h a i n ;  th e  p r o p e r t i e s  a n d  
s ta b i l i ty  o f  th e  r e s u l t in g  c o m p o u n d s  b e in g  in f lu e n c e d  b y  th e  c h o ic e  o f  
h y d r o p h o b e ,  th e  ty p e  o f  l in k a g e , a n d  th e  e x te n t  o f  p o ly m e r is a t io n .

W h e n  p o ly o x y e th y le n e  c h a in s  a r e  b u i l t  u p  id e a lly ,  f r o m  a  f ix ed  n u m b e r  
o f  p r o p a g a t in g  u n i ts  b y  a  s e q u e n c e  o f  k in e t ic a l ly  id e n t ic a l  a d d i t io n s  o f  
m o n o m e r ,  th e  size  d i s t r ib u t io n  o f  c h a in  le n g th s  h a s  b e e n  s h o w n  (F lo r y ,  
1940) t o  b e  d e s c r ib e d  b y  P o is s o n ’s f o r m u la  ( M o l in a ,  1942).

A l th o u g h  th e  c o n d i t io n s  p r o d u c in g  a  P o is s o n  d i s t r ib u t io n  a r e  f o u n d  in  
th e  r e a c t io n  o f  e th y le n e  g ly c o l  w i th  e th y le n e  o x id e  (W e ib u ll  &  N y c a n d e r ,
1954), c o m p l ic a t io n s  a r e  e n c o u n te r e d  w h e n  th e  r a te  o f  th e  in i t ia l  s te p  o f  
th e  r e a c t io n  is  d i f f e re n t  f r o m  t h a t  o f  f u r th e r  s te p s ,  o r  th e  s u b s e q u e n t  
a d d i t io n s  th e m s e lv e s  v a r y  in  r a te  a s  th e  c h a in  le n g th e n s .  C o m p le x  
f o r m u la e  h a v e  b e e n  d e r iv e d  f o r  r e a c t io n s  w h e re  a l l  s te p s  a r e  k in e t ic a l ly  
d i f f e re n t  ( N a t t a  &  M a n t ic a ,  19 5 2 ), b u t  a r e  c u m b e r s o m e  t o  u s e  in  p r a c t ic e .
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A s  a  c o m p r o m is e ,  W e ib u l l  &  N y c a n d e r  (1 9 5 4 ) p r o d u c e d  a  s im p lif ie d  
f o r m u la  b a s e d  o n  th e  a s s u m p t io n  t h a t  th e  r a te  o f  e th y le n e  o x id e  a d d i t io n s  
f o r  e a c h  s te p  w a s  e q u a l ,  b u t  d if fe re d  f r o m  t h a t  o f  th e  in i t ia l  r e a c t io n  s te p  
o f  e th y le n e  o x id e  w i th  th e  p a r e n t  h y d r o p h o b e .

F r a c t io n a l  d i s t i l l a t io n  o f  c o m p o u n d s  p r e p a r e d  b y  W rig le y , H o w a r d  &  
S t i r to n  (1 9 6 0 ) sh o w e d  a  d i s t r ib u t io n  o f  c h a in  le n g th s  w h ic h  a g re e d  w ith  
W e ib u l l  &  N y c a n d e r ’s e q u a t io n ,  r a th e r  t h a n  w i th  th e  P o is s o n  d is t r ib u t io n .  
T h is  w o r k ,  h o w e v e r ,  w a s  l im i te d  t o  lo n g  c h a in  f a t ty  a lc o h o l  a d d u c ts .  
O n  th e  o th e r  h a n d ,  th e  F lo r y - P o is s o n  d is t r ib u t io n  h a s  b e e n  f o u n d  v a lid  
f o r  th e  o x y e th y la t io n  o f  e th y le n e  g ly c o l  (W e ib u ll  &  N y c a n d e r ,  1954), 
p h e n o ls  ( M il le r ,  B a n n ,  &  T h r o w e r ,  1 9 5 0 ; M a y h e w  &  H y a t t ,  1952), a n d  
s te a r ic  a c id  (B irk m e ie r  &  B r a n d e r ,  1 9 5 8 ); in  th e  la s t  in s ta n c e  p r e s u m a b ly  
b e c a u s e  o f  p r e fe r e n t ia l  c o m b in a t io n  o f  th e  p a r e n t  c o m p o u n d  w i th  e th y le n e  
o x id e  b e fo re  s ig n if ic a n t  f u r th e r  r e a c t io n  o f  th e  e th e r  a lc o h o ls  t o o k  p la c e  
(S c h e c h te r  &  W y n s t r a ,  1 9 5 6 ; W r ig le y  &  o th e r s ,  1957).

I n d u s t r i a l ly  a n  a lk a l in e  c a ta ly s t  s e e m s  to  b e  p r e fe r r e d  a l t h o u g h  th e  
r e a c t io n  m a y  a ls o  b e  c a ta ly s e d  b y  a c id ,  o r  e v e n  p r o c e e d  u n c a ta ly s e d  
(C h i tw o o d  &  F r e u r e ,  1946). A c id  c a ta ly s ts  m a y  b e  u s e d  i f  lo w  te m p e r a 
tu r e  c o n d i t io n s  a r e  r e q u ir e d  ( S ta u d in g e r  &  S c h w e itz e r ,  1929). T h e  
c h o ic e  o f  c a ta ly s t  a n d  th e  p u r i ty  o f  th e  s t a r t in g  m a te r ia ls  h a v e  a  s t r ik in g  
e ffe c t o n  th e  e n d  p r o d u c t .  F o r  o b v io u s  r e a s o n s  m a n u f a c tu r e r s  d o  n o t  
d is c lo s e  t h e i r  p a r t i c u l a r  r o u te s ,  b u t  w o r k  b y  D r e w  &  S c h a e ffe r  (1 9 5 8 ) 
i l lu s t r a te s  th is  p o in t .  I n  th e i r  e x p e r im e n ts  th e y  f o u n d  a c id -c a ta ly s e d  
r e a c t io n s  g a v e  r is e  t o  b y p r o d u c ts ,  th e  a m o u n t  o f  w h ic h  in c re a s e d  w i th  th e  
d e g re e  o f  p o ly m e r is a t io n ,  a n d  th e  p re s e n c e  o f  t r a c e s  o f  w a te r  ( e i th e r  b y  
c o n ta m in a t io n  o r  b y  f o r m a t io n  d u r in g  th e  r e a c t io n )  r e s u l te d  in  th e  
f o r m a t io n  o f  g ly c o ls . T h e  c o n c e n t r a t io n  a n d  ty p e  o f  c a ta ly s t ,  a n d  th e  
r e a c t io n  c o n d i t io n s  a f fe c te d  th e  d i s t r ib u t io n  o f  c h a in  le n g th s  (G e e , 
H ig g in s o n ,  &  M e r r a l ,  1 9 5 9 ; T is c h b i r e k ,  1 9 6 0 ; G in n ,  C h u r c h  &  H a r r i s ,  
1961), a n d  in  p r a c t ic e ,  th e s e  f a c to r s  a re  o f te n  v a r ie d  to  o b t a in  th e  m o s t  
s u i ta b le  p r o d u c t  f o r  a  p a r t i c u l a r  p u r p o s e .

T h u s  th e r e  is  a  g r e a t  v a r ia t io n  in  th e  p o s s ib le  d is t r ib u t io n  o f  th e  e th y le n e  
o x id e  c h a in  le n g th s  in  a  g ly c o l  o r  d e t e r g e n t ; th e  p r o p e r t i e s  id e n t i f ie d  w ith  
th e  v a r io u s  c o m m e rc ia l  p r o d u c ts  a r e  in f lu e n c e d  b y  th is  d i s t r ib u t io n  a s  w e ll 
a s  b y  th e  a v e ra g e  m o le c u la r  r a t i o  o f  e th y le n e  o x id e  t o  h y d r o p h o b e  ( M a y 
h e w  &  H y a t t ,  1 9 5 2 ; R a p h a e l  1958).

I n  a n  a t t e m p t  t o  o b t a in  a  c le a r e r  v ie w  o f  th e  p r o p e r t i e s  o f  th is  ty p e  o f  
c o m p o u n d ,  v a r io u s  m e a n s  h a v e  b e e n  t r ie d  t o  o b t a in  a  h o m o g e n e o u s  
p r e p a r a t i o n ,  i.e . o n e  w h ic h  d id  n o t  c o n ta in  a  d i s t r ib u t io n  o f  c h a in  le n g th s .  
F r a c t io n a t io n  o f  th e  p o ly m e r is e d  p r o d u c ts  b y  d i s t i l la t io n  ( M a y h e w  &  
H y a t t ,  1952) a n d  c h r o m a to g r a p h y  ( G a l lo ,  1 9 5 3 ; K e l ly  &  G r e e n w a ld ,
1958) h a v e  b e e n  t r ie d ,  b u t  a s  y e t  h a v e  o n ly  s u c c e e d e d  in  n a r r o w in g  th e  
c h a in  le n g th  d i s t r ib u t io n .  A l te r n a t iv e  r o u te s  o f  b u i ld in g  u p  th e  c h a in s  
h a v e  a ls o  b e e n  in v e s t ig a te d .  A s  m e n t io n e d  p re v io u s ly ,  s h o r t  le n g th  
p o ly o x y e th y le n e  g ly c o ls  w e re  f i r s t  d e s c r ib e d  b y  L a u r e n c o  (1 8 5 9 ), w h o  
p r e p a r e d  th e m  b y  r e a c t in g  e th y le n e  g ly c o l w i th  e i th e r  e th y le n e  d ib r o m id e  
o r  e th y le n e  b r o m o h y d r in ,  a n d  b y  W u r tz  (1 8 5 9 ), w h o  r e a c te d  e th y le n e  
o x id e  w i th  e th y le n e  g ly c o l o r  b y  h y d r a t io n  o f  e th y le n e  o x id e ,  w h e re a s
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M o h r  (1 8 6 6 a ,b )  h e a te d  e th y le n e  g ly c o l m o n o a c e ta te  w i th  th e  m o n o 
s o d iu m  d e r iv a t iv e  o f  e th y le n e  g ly co l.

A l th o u g h  c e r ta in  e a r ly  w o r k e r s  s u g g e s te d  a  c y c lic  s t r u c tu r e  ( R o i th n e r ,  
1894) f o r  th e  p o ly o x y e th y le n e  g ly c o ls , m u c h  o f  th e  d a t a  s u p p o r t in g  th is  
w a s  o f  a  n e g a t iv e  n a tu r e ,  a n d  th e  d e te c t io n  o f  h y d r o x y l  g r o u p s  w a s  t a k e n  
a s  e v id e n c e  o f  a n  o p e n  c h a in  ( C a r o th e r s ,  1 9 3 1 ; F o r d y c e ,  L o v e l l  &  H ib b e r t ,  
1939).

T h e  f i r s t  d i r e c t  m e th o d  o f  s y n th e s is in g  a  s in g le  p o ly o x y e th y le n e  g ly c o l, 
d e v is e d  b y  P e r r y  &  H ib b e r t  (1 9 3 6 ), u s e d  a  W il l ia m s o n  ty p e  e th e r  r e a c t io n  
o f  t h e  a o j-d ic h lo r o - d e r iv a t iv e  o f  a  p u r e  lo w e r  g ly c o l  w i th  tw o  m o le c u le s  o f  
th e  m o n o s o d iu m  s a l t  o f  a n o th e r  o r  th e  s a m e  g ly co l.

C I - C H s - C H s -[0 - C H 2- C H 2] n -0 - C H 2- C H a-C I  +  2 N a 0 - [ C H 2- C H 2-0 ] x H

-------- * H 0-[C H 2-CH2'0 ] n+2x+2H

U s in g  th is  p r o c e d u r e ,  F o r d y c e  &  o th e r s  (1 9 3 9 ) s y n th e s is e d  g ly c o ls  c o n 
ta in in g  u p  to  186 e th y le n e  o x id e  u n i ts .  T h e  c o m p o u n d s  c o n ta in in g  u p  to  
six  e th y le n e  o x id e  u n i ts  w e re  d is t i l le d ,  b u t  th e  lo n g e r  o n e s  h a d  to  b e  
p u r i f ie d  b y  e x t r a c t io n  a n d  c r y s t a l l i s a t io n ; th e  f in a l  p u r i ty  b e in g  a s se s s e d  
b y  t im e / te m p e r a tu r e  c o o lin g  c u rv e s .  E x a m in a t io n  o f  th e s e  s y n th e s is e d  
p o ly o x y e th y le n e  g ly c o ls  b y  X - r a y  d if f r a c t io n  (B a rn e s  &  R o s s ,  1936) 
sh o w e d , t h a t  a s  f a r  a s  c o u ld  b e  d e te c te d  b y  t h a t  t e c h n iq u e ,  th e r e  w a s  n o  
e s s e n t ia l  d if fe re n c e  b e tw e e n  th e m  a n d  th e  p r o d u c ts  o f  e th y le n e  o x id e  
p o ly m e r is a t io n ,  s u b s ta n t ia t in g  th e  c la im s  o f  o th e r  w o r k e r s  a b o u t  th e  
id e n t i ty  o f  th e  tw o  e n d  p r o d u c ts  ( S ta u d in g e r  &  S c h w e itz e r ,  1 9 2 9 ; 
C a r o th e r s ,  1931).

S y n th e s is  o f  h o m o g e n e o u s  g ly c o l  d e r iv a t iv e s  p r e s e n ts  a n  e v e n  m o r e  
f o r m id a b le  p r o b le m ,  p a r t i c u l a r ly  w h e n  a  c o m p o u n d  w i th  a  h y d r o p h o b ic  
r a d ic a l  a t  o n e  e n d  o n ly  is  r e q u ir e d .  C e r ta in  w o r k e r s  h a v e  t r i e d  t o  e v a d e  
th is  p r o b le m  b y  u s in g  a  s h o r t  s o d iu m  a lk o x id e  ( N a k a g a w a ,  K u r iy a m a  &  
I n o u e ,  1 9 6 0 ; K u r iy a m a ,  1 9 6 2 a ), e .g .,  s o d iu m  m e th o x id e ,  t o  in i t i a te  th e  
p o ly m e r i s a t io n  r e a c t io n ,  o b ta in in g  a  m e th o x y p o ly o x y e th y le n e  g ly c o l, 
f r a c t io n a t in g  th is ,  a n d  c o n v e r t in g  th e  r e q u ir e d  f r a c t io n  to  i ts  s o d iu m  sa l t .  
T h e n c e ,  b y  th e  W il l ia m s o n  r e a c t io n  w i th  t h e  h y d r o p h o b e  h a lid e ,  th e y  
o b ta in e d  th e  d e s i r e d  c o m p o u n d .  S u c h  a  c o m p o u n d  is  b a s e d  o n  th e  
p r o d u c t  o f  th e  p o ly m e r i s a t io n  r e a c t io n ,  a n d  h e n c e  a  u n i f o r m  c h a in  le n g th  
is  e x tr e m e ly  d if f ic u lt  t o  o b t a in  ( M a y h e w  &  H y a t t ,  1 9 5 2 ; K e l ly  &  G r e e n -  
w a ld ,  1958). M o r e o v e r  th e  c o m p o u n d  m u s t  b e  u s e d  a s  i ts  m e th o x y  
d e r iv a t iv e ;  r e m o v a l  o f  th is  g r o u p  w i th o u t  b r e a k in g  th e  h y d r o p h o b e -  
g ly c o l l in k  is  v i r tu a l ly  im p o s s ib le .

A  fe w  r e p o r t s  h a v e  a p p e a r e d  in  th e  l i t e r a tu r e  d e s c r ib in g  s y n th e s is e d  
c o m p o u n d s  ( T u r n e r ,  S a u n d e r s  &  W il la m a n ,  1 9 5 1 ; G o to ,  S u g a n o  &  
K o iz u m i ,  1 9 5 3 ; G in g r a s  &  B a y le y , 1957 , 1 9 5 8 ; W r ig le y , H o w a r d  &  
S t i r to n ,  1960), b u t  m o s t  h a v e  c o n ta in e d  s h o r t  p o ly o x y e th y le n e  c h a in s  o f  
u p  t o  s ix  e th y le n e  o x id e  u n i ts  (M u lle y ,  1958 , 1 9 6 1 ; C o r k i l l ,  G o o d m a n  
&  O tte w il l ,  1961).

F o r  d e te r g e n ts ,  th e  s y n th e tic  r o u te  u s e d  h a s  a ls o  b e e n  v ia  W il l ia m s o n  
e th e r  s y n th e s is  ty p e  r e a c t io n s ,  tw o  w a y s  b e in g  a v a i l a b l e :
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(a )  B u i ld in g  u p  th e  g ly c o l b y  th e  m e th o d  o f  P e r r y  &  H ib b e r t  (1 9 3 6 ) 
c o n v e r t in g  i t  t o  i t s  m o n o s o d iu m  s a l t ,  a n d  r e a c t in g  th is  w i th  th e  h y d r o 
p h o b e  h a lid e ,  R X

N a + H 0 - [ C H 2- C H 20 ) x - H ----------->  N a 0 - [ C H 2- C H 2-0 ] x -H

R X  +  N a 0 - [ C H 2- C H 2-0 ] x H ---------> R 0 - [ C H 2- C H a-0 ] x -H
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(b) B y  p r e p a r in g  a  d e te r g e n t  c o n ta in in g  a  sm a ll  n u m b e r  o f  e th y le n e  
o x id e  u n i ts  b y  r o u te  (a), c h lo r in a t in g  th e  te r m in a l  h y d r o x y l  g r o u p  w ith  
th io n y l  c h lo r id e ,  th e n  r e a c t in g  th is  c o m p o u n d  w i th  a  m o n o s o d iu m  
d e r iv a t iv e  o f  a  g ly co l.

Y ie ld s  b y  e i th e r  r o u t e  a r e  n o t  p a r t i c u la r ly  g o o d  a n d  s id e  r e a c t io n s  su c h  
a s  d e h y d r o h a lo g e n a t io n  o f  th e  c h lo r o - c o m p o u n d  h a v e  b e e n  r e p o r te d  
( C o r k i l l  &  o th e r s  1961). T h e  la r g e s t  h o m o g e n e o u s  d e te r g e n ts  r e p o r te d  
in  th e  l i t e r a tu r e ,  a  r a n g e  o f  h e x a d e c y l  m o n o e th e r s  c o n ta in in g  s ix  1 0  

tw e n ty - o n e  e th y le n e  u n i ts  re sp e c tiv e ly ,  h a v e  b e e n  su c c e s s fu lly  sy n th e s is e d  
b y  th e s e  r o u te s  (E lw o r th y  &  M a c fa r la n e ,  1 9 6 2 a , 1 9 6 3 ); s im ila r ly , so m e  
b r a n c h e d  h y d r o c a r b o n  c h a in  c o m p o u n d s  h a v e  r e c e n tly  b e e n  o b ta in e d  
b y  th e s e  m e th o d s  ( E lw o r th y  &  F lo r e n c e ,  1964).

A lk y l  p - to ly l s u lp h o n a te s  h a v e  b e e n  d e s c r ib e d  a s  in te r m e d ia te s  (S h ir le y , 
Z e itz ,  &  R e e d y , 19 5 3 ), a n d  th e  s te p w ise  sy n th e s is  o f  th e  m o n o d e c y l  
e th e r s  o f  m o n o -  t o  te t r a - o x y e th y le n e  g ly c o ls  b y  a c id -c a ta ly s e d  a d d i t io n  o f  
e th y le n e  o x id e  h a s  b e e n  r e p o r t e d  ( C h a k h o v s k o y ,  M a r t in  &  V a n  N e c h e l ,
1956).

T h e  d iff ic u ltie s  e n c o u n te r e d  in  th e  p u r i f ic a t io n  a n d  s e p a ra t io n  o f  th e  
e n d  p r o d u c ts  f r o m  th e  r e a c t io n  m ix tu r e  h a v e  b e e n  o n e  o f  th e  m a in  c a u s e s  
o f  d e la y  in  th e  sy n th e se s  o f  lo n g e r  c h a in  c o m p o u n d s .  T ra c e s  o f  g ly c o ls  
a r e  o n e  o f  th e  m o s t  c o m m o n  c o n ta m in a n ts  a n d  c r y s ta l l is a t io n  a n d  o th e r  
p u r i f ic a t io n  t e c h n iq u e s  a r e  h a m p e r e d  b y  th e  s im ila r i ty  o f  th e  p r o p e r t i e s  
o f  th e s e  t r a c e  g ly c o ls  t o  th o s e  o f  th e  a d d u c t ,  p a r t i c u la r ly  w h e n  th e  g ly co l 
c h a in s  b e c o m e  la rg e . F u r t h e r  c o m p l ic a t io n s  a r is e  b e c a u s e  o f  :h e  su r fa c e -  
a c t iv e  p r o p e r t i e s  o f  th e  d e r iv a tiv e s  w h ic h  c a u s e  e m u ls io n  f o r m a t io n  w h e n  
p a r t i t io n  te c h n iq u e s  a r e  u se d . T o  o v e rc o m e  th is ,  p a r t i t io n  b e tw e e n  e th y l  
a c e ta te  a n d  s a tu r a t e d  s o d iu m  c h lo r id e  s o lu t io n  (W e ib u ll ,  1960) h a s  b e e n  
u s e d ,  so  h a s  h e a t in g  a n  a q u e o u s  s o lu t io n  o f  th e  m ix tu r e  to  a b o u t  1 0 0 ° 
a n d  s e p a ra t in g  th e  d e te r g e n t - r ic h  p h a s e  ( N a k a g a w a  &  o th e r s ,  1 9 6 0 ); in  
b o t h  in s ta n c e s  th e  g ly c o l a n d  o th e r  w a te r  s o lu b le  p r o d u c ts  o f  th e  r e a c t io n  
w e re  r e ta in e d  in  th e  a q u e o u s  p h a s e .  A  re la tiv e ly  s h o r t  o x y e th y le n e  c h a in  
c o m p o u n d ,  su c h  a s  th e  m o n o h e x a d e c y l  e th e r  o f  h e x a o x y e th y le n e  g ly c o l, 
is  a b o u t  th e  lo n g e s t  w h ic h  w ill w i th s t a n d  n o r m a l  d is t i l la t io n ,  a n d .  e v en  
u n d e r  v a c u u m , th e  c o n d i t io n s  r e q u ir e d  a r e  r a th e r  r ig o r o u s  f o r  a n  o rg a n ic  
c o m p o u n d  o f  th is  n a tu r e  (b .p .  2 3 5 ° / l ( F 3 m m ). N e i th e r  d o  th e  a c tu a l  
d i s t i l la t io n  p r o c e d u r e s  u s e d  s e e m  to  p r o d u c e  a n  e n ti r e ly  s a t is f a c to r y  
c o m p o u n d ,  a s  o x id is e d  b y p r o d u c ts  h a v e  b e e n  r e p o r te d  ( G in g r a s  &  
B a y le y , 1 9 5 7 ; C o r k i l l  &  o th e r s ,  1961) in  th e  d is t i l la te ,  a n d  c h r o m a to g r a p h y  
o n  s il ic a  w a s  r e q u ir e d  to  re m o v e  th e m .

A  c h r o m a to g r a p h y  s te p  w o u ld  a p p e a r  t o  b e  a ll  i m p o r t a n t  in  th e  p u r i 
f ic a t io n  o f  th e s e  c o m p o u n d s ,  a s  te s ts  h a v e  s h o w n  (M a c f a r la n e ,  u n p u b 
l is h e d )  t h a t  e x p e r im e n ta l  c o n d i t io n s  c a n  b e  a d ju s te d  so  t h a t  t r a c e s  o f
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c o n ta m in a t in g  g ly c o ls  a r e  h e ld  v e ry  f irm ly  o n  th e  c o lu m n , w h ile  im 
p u r i t i e s  ( c o n ta in in g  p e a k s  a t  c a .  1 7 4 0 -1 7 5 0  c m - 1  i n  t h e i r  in f r a r e d  s p e c tr a )  
a r e  r e m o v e d  in  th e  f i r s t  s ta g e s  o f  t h e  e lu t io n .  T h e  d e s i r e d  d e te r g e n t  
fo l lo w s  th e s e  im p u r i t ie s  d o w n  th e  c o lu m n . F u r th e r m o r e ,  o n  a n  a lu m in a  
c o lu m n ,  b y  c a r e f u l  c o n t r o l  o f  th e  e lu t io n  sc h e m e , M e - [ C H 2 ]1 5 - [ O C H 2- 
C H 2 ]|>-C1 h a s  b e e n  s e p a r a te d  f r o m  M e [ C H 2 ]1 B[ 0 - C H 2 -C H 2 ]1 6 - 0 H  in  th e  
w o r k in g  u p  o f  th e  r e a c t io n  m ix tu r e  in  th e  s y n th e s is  o f  th e  l a t t e r  c o m p o u n d .  
F o r  c o m p o u n d s  c o n ta in in g  s h o r t  h y d r o c a r b o n  c h a in s ,  s i l ic a  g e l a p p e a r s  
t o  b e  a  b e t t e r  a g e n t  f o r  c h r o m a to g r a p h y  t h a n  a lu m in a .

Analysis

I n  e s t im a t in g  th e  p u r i ty  o f  s y n th e s is e d  c o m p o u n d s ,  i t  h a s  b e e n  s h o w n  
t h a t  a l t h o u g h  s t a n d a r d  a n a ly s e s  (p e rc e n ta g e s  o f  C , H ,  a n d  O )  g a v e  
f ig u re s  in d ic a t in g  s a t is f a c to r y  p u r i ty ,  s u c h  a n a ly s e s  w e re  n o t  su ff ic ie n tly  
s e n s i t iv e  t o  d e te c t  in  th is  ty p e  o f  c o m p o u n d  im p u r i t ie s  w h ic h  c a u s e d  
m in im a  in  th e  s u r fa c e  t e n s io n /c o n c e n t r a t io n  c u rv e s  ( C o r k i l l  &  o th e r s ,  
1961). E s t im a t io n  o f  th e  h y d r o x y l  g r o u p  b y  a c e ty la t io n  o r  o th e r  t e c h 
n iq u e s  a ls o  lo se s  i t s  s e n s i t iv i ty  w h e n  o n ly  s m a ll  s a m p le s  a r e  a v a i la b le  a n d  
th e  h y d r o x y l  g r o u p  is  e q u iv a le n t  o n ly  t o  s o m e  1 - 2 %  o f  th e  m o le c u la r  
w e ig h t.

V a r io u s  a s s a y s  h a v e  b e e n  d e v e lo p e d  to  e s t im a te  th e  e th y le n e  o x id e  
c o n te n t  o f  th e  a d d u c ts .  M o s t  o f  th e s e  h a v e  b e e n  d e p e n d e n t  o n  d e g r a d a 
t io n  o f  th e  c h a in ,  o r  o n  c o m p le x  f o r m a t i o n ; th e  c o m p le x e s  b e in g  fo r m e d  
b y  r e a c t in g  th e  e th y le n e  o x id e  d e r iv a t iv e s  w i th  h e te r o p o ly  in o r g a n ic  a c id s ,  
s u c h  a s  s i l ic o - tu n g s t ic  (S c h a e ffe r  &  C r i tc h f ie ld ,  1 9 4 7 ; W u r z s c h m it t ,  1 9 5 0 ; 
S c h o n fe ld t ,  1955), o r  p h o s p h o m o ly b d ic  ( O liv e r  &  P r e s to n ,  1 9 4 9 ; S te v e n 
s o n ,  1954) a c id s ,  o r  w i th  ta n n in s ,  p o ta s s iu m  fe r ro c y a n id e  o r  o th e r  s u i ta b le  
r e a g e n ts  ( H a a k h ,  v o n  C a n d ie  &  M o b u s ,  1 9 5 1 ; M c A ll is te r  &  L is k ,  1 9 5 1 ; 
C o p p in i  &  C a m e r o n ,  1 9 5 3 ; B ro w n  &  H a y e s ,  1955). T h e s e  c o m p le x e s  
w e re  t h e n  q u a n t i t a t iv e ly  e s t im a te d  e i th e r  b y  g r a v im e t r ic ,  v o lu m e tr ic ,  o r  
a b s o r p t io m e tr i c  t e c h n iq u e s ,  a n d  a  d i r e c t  r e la t io n s h ip  c o u ld  b e  e s ta b l is h e d  
w i th  th e  p a r t i c u l a r  d e te r g e n t  b e in g  d e te r m in e d .

D ic h r o m a te  o x id a t io n  h a s  b e e n  a d v o c a te d  b y  E d k in s ,  S to r la z z i  &  
H a m m o n d  (1 9 4 2 ), W e r n e r  &  M itc h e l l  (1 9 4 3 ) a n d  o th e r s ,  b u t  th is  la c k s  th e  
d e s i r e d  sp e c if ic i ty  f o r  e th y le n e  o x id e  u n i ts .  M o r g a n  (1 9 4 6 ), u s in g  a  
m o d if ie d  a lk o x y l  a p p a r a tu s ,  d e c o m p o s e d  th e  e th y le n e  o x id e  r e s id u e  to  
e th y le n e  io d id e  a n d  e th y le n e  w i th  c o n s t a n t  b o i l in g  h y d r io d ic  a c id .  T h e  
l a t t e r  m e th o d  h a s  b e e n  d e v e lo p e d  b y  S ig g ia , S ta r k e ,  G a r i s  &  S ta h l  (1 9 5 8 ), 
w h o  re f lu x e d  th e  p o ly o x y e th y le n e  a d d u c t  w i th  e x ce ss  h y d r io d ic  a c id  u n d e r  
a n  a tm o s p h e r e  o f  c a r b o n  d io x id e ,  a n d  t i t r a t e d  th e  l ib e r a te d  io d in e  w i th  
s o d iu m  th io s u lp h a te .  T h is  r e a c t io n  h a s  th e  a d v a n ta g e  o v e r  th e  o th e r  
c h e m ic a l  m e th o d s  t h a t  i t  is  a n  a b s o lu te  m e t h o d ; n o  s t a n d a r d  c u rv e  n e e d  
b e  p r e p a r e d .

A ll  th e  a b o v e  m e th o d s  e s t im a te  th e  t o t a l  a m o u n t s  o f  e th y le n e  o x id e  
p r e s e n t ,  th u s  th e  p re s e n c e  o f  g ly c o ls  w il l  a f fe c t  t h e  re s u l t .  S e v e ra l  
m e th o d s  o f  e s t im a t in g  th e  a m o u n t  o f  g ly c o l  p r e s e n t  h a v e  b e e n  d e v is e d
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( N a k a g a w a  &  N a k a t a ,  1 9 5 6 ; W e ib u l l ,  1 9 6 0 ; G in n  &  o th e r s ,  196 1 ), 
g e n e ra l ly  th e s e  in v o lv e  th e  s e p a r a t io n  o f  th e  g ly c o l f r o m  th e  d e te r g e n t ,  
b u t .  r e c e n tly ,  c o r r e la t io n  o f  t o ta l  e th y le n e  o x id e  c o n te n t  o b ta in e d  b y  th e  
h y d r io d ic  a c id  a n a ly s is  w i th  th e  p e r c e n ta g e  o f  h y d r o x y l  g r o u p s  f o u n d  b y  
a c e ty la t io n ,  h a s  b e e n  u s e d  to  c a lc u la te  th e  q u a n t i t y  o f  g ly c o l in  th e  a d d u c t  
(E lw o r th y ,  1963).

P. H. ELWORTHY AND C. B. MACFARLANE

Properties in aqueous solution
FORMATION OF MICELLES

I n  c o n t r a s t  w i th  th e  c o p io u s  w o r k  o n  io n ic  d e te r g e n ts  (P e th ic a ,  1960), 
th e  n u m b e r  o f  p a p e r s  o n  th e  m ic e lla r  s t r u c tu r e  o f  n o n - io n ic  d e te r g e n ts  in  
a q u e o u s  s o lu t io n  is  r e la tiv e ly  sm a ll .  U s in g  th e  S c a tc h a r d  m e th o d  
( S c a tc h a r d ,  J o n e s  &  P r e n t ic e ,  1932) o f  d e te r m in in g  f r e e z in g - p o in t  
d e p re s s io n s ,  G o n ic k  &  M c B a in  (1 9 4 7 ) f o u n d  t h a t  r e s u l ts  o b ta in e d  f o r  
b o t h  T r i t o n  X  100 , a  c o m m e rc ia l  o c ty l-p h e n y l  o x y e th y le n e  a d d u c t ,  a n d  a  
m o n o la u r a te  o f  n o n a o x y e th y le n e  g ly c o l, in  a q u e o u s  s o lu t io n ,  b o r e  a  
s t r ik in g  r e s e m b la n c e  to  th o s e  o b ta in e d  f o r  c o l lo id a l  e le c tro ly te s .  C o r r e 
la t in g  th is  w o r k  w i th  p r e v io u s  r e s u l ts  o n  s o lu b i l i s a t io n  o f  b e n z e n e  a n d  
v a r io u s  d y e s  b y  th e  la u r y l  a d d u c t  ( G o n ic k ,  1946), a n d  X - r a y  d i f f r a c t io n  
(M c B a in  &  M a r s d e n ,  1947), th e y  c o n c lu d e d  t h a t  n o n - io n ic  d e te r g e n ts  
a ls o  f o r m e d  m ic e lle s . T h is  d e d u c t io n  h a s  s in c e  b e e n  c o n f irm e d  b y  o th e r  
w o r k e r s  u s in g  X - r a y  a n d  s o lu b i l i s a t io n  t e c h n iq u e s ,  a n d  b y  v is c o s i ty  a n d  
tu r b id im e t r i c  d a ta  (M c B a in  &  M a r s d e n ,  1 9 4 8 ; S c h u lm a n , M a ta lo n  &  
C o h e n ,  1 9 5 1 ; G o to ,  S u g a n o  &  K o iz u m i ,  1 9 5 4 ; G r e e n w a ld  &  B ro w n , 
1 9 5 4 ; K u s h n e r  &  H u b b a r d ,  1 9 5 4 ; K u r o iw a ,  1956).

M a n y  th e o r ie s  h a v e  b e e n  p u t  f o r w a r d  fo r  th e  f o r m a t io n  o f  d e te r g e n t  
m ic e lle s  (P e th ic a ,  1 9 6 0 ; V e is  &  H o e r r ,  1 9 6 0 ; M u k e r je e ,  1 9 6 2 ; A r a n o w ,
1963). I n  o n e  o f  th e  s im p le r  th e o r ie s  f o r  a n  io n ic  d e te rg e n t ,  D e b y e  (1 9 4 9 ) 
p r o p o s e d  t h a t  a s  th e  n u m b e r  o f  lo n g  c h a in  io n s  a g g r e g a te d  to  f o r m  a  
d r o p le t  o r  c o r e  o f  h y d r o p h o b ic  ta i ls ,  th e  n u m b e r  o f  c h a rg e s  p e r  a g g re g a te  
in c re a s e d . T h e  c h a r g e  d e n s i ty  a t  th e  p e r ip h e r y  ro s e  a n d  w ith  i t  th e  e le c t r o 
s ta t ic  f re e  e n e rg y  o f  th e  g ro w in g  a g g re g a te .  A n  e q u i l ib r iu m  w a s  r e a c h e d  
w h e n  th e  d r o p  in  e n e rg y  d u e  to  a g g r e g a t io n  o f  h y d r o p h o b ic  g r o u p s  w a s  
b a la n c e d  b y  th e  r is e  in  e n e rg y  d u e  to  e le c t r o s ta t ic  re p u ls io n .  C r i t ic is m  
h a s  b e e n  le v e lle d  a t  D e b y e ’s t r e a tm e n t  a s  i t  w a s  b a s e d  o n  m in im is in g  th e  
f re e  e n e rg y  o f  th e  m ic e lle  r a th e r  t h a n  th e  e n ti r e  s y s te m  (O o s ik a ,  1 9 5 4 ; 
R e ic h , 1956).

I t  is  e v id e n t  f r o m  k n o w le d g e  o f  th e  n o n - io n ic  d e te r g e n ts  t h a t  o th e r  
f a c to r s  m u s t  a ls o  b e  a t  w o r k  in  th e  p ro c e s s  o f  m ic e lle  f o r m a t i o n ;  th e  
n e c e s s i ty  o f  lo o k in g  f o r  th e s e  a d d i t io n a l  f a c to r s  w h ic h  c o u ld  b a la n c e  th e  
d r o p  in  e n e rg y  d u e  to  a g g r e g a tio n  o f  h y d r o p h o b ic  g r o u p s ,  a n d  th u s  th e  
n e e d  to  l o o k  a t  th e  b e h a v io u r  o f  a ll  o th e r  c o m p o n e n ts  h a s  b e e n  s tre s s e d  b y  
R e ic h  (1 9 5 6 ), w h o  c a lc u la te d  th e  e q u i l ib r iu m  m ic e lla r  s ize  f r o m  e n e rg y  a n d  
e n t r o p y  c h a n g e s  ta k in g  p la c e  d u r in g  m ic e lle  f o r m a t io n .  H is  c a lc u la t io n  
w a s  b a s e d  o n  a  s im p le  m o d e l  o f  c o a le s c e n c e  o f  h y d r o c a r b o n  ta i ls  t o  a  
l iq u id  d r o p le t ,  a n d  f i t t in g  th e  e th y le n e  o x id e  c h a in s  o v e r  t h e i r  s u r f a c e s .  
O n  th e  b a s is  o f  h is  th e o ry ,  R e ic h  a ls o  p o s tu la te d  t h a t  m ic e lle  f o r m a t io n
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of non-ionic detergents occurred at a distinct critical micellar concentra
tion (cmc), that the cmc decreased with increasing hydrocarbon chain 
length, and increased with increasing ethylene oxide chain length.

K u s h n e r ,  H u b b a r d  &  D o a n  (1 9 5 7 ) h a v e  p o in te d  o u t  t h a t  t h e  s h a rp n e s s  
o f  th e  m ic e lle  a p p e a r a n c e  f o r e c a s t  b y  R e ic h  w a s  d e p e n d e n t  o n  th e  v a lu e s  
a s s ig n e d  t o  th e  e n t r o p y  a n d  e n e rg y  c h a n g e  a s s o c ia te d  w ith  m ic e lle  f o r m a 
t io n  ; h i s  a s s ig n m e n t  o f  a  r a th e r  h ig h  n e g a t iv e  v a lu e  f o r  th e  e n t r o p y  
c h a n g e  w a s  p r o b a b ly  u n w a r r a n t e d  s in c e  i t  w a s  b a s e d  p r im a r i ly  o n  c o n 
s id e r a t io n s  o f  th e  h e a t  o f  v a p o r is a t io n  o f  d o d e c a n e ,  a n d  n e g le c te d  th e  
p o s i t iv e  c o n t r ib u t io n  to  th e  t o t a l  e n t r o p y  c h a n g e  w h ic h  r e s u l ts  f r o m  th e  
u n c u r l in g  o f  th e  h y d r o c a r b o n  p o r t io n  o f  th e  m o le c u le  w h e n  i t  e n te r s  th e  
m ic e lle . C h o ic e  o f  a  s m a lle r  v a lu e  f o r  A S  w o u ld  h a v e  r e d u c e d  th e  p r e 
d ic te d  s h a r p n e s s  o f  m ic e lle  f o r m a t io n .

H o e v e  &  B e n s o n  (1 9 5 7 ), in  a n  e x te n s iv e  s ta t i s t ic a l  m e c h a n ic a l  t r e a tm e n t ,  
e x te n d e d  R e ic h ’s a p p r o a c h  a n d  a ls o  p o in te d  o u t  t h a t  d e h y d r a t io n  p h e n o 
m e n a  h a d  to  b e  t a k e n  in to  a c c o u n t .  T h e  s im p le  s h ie ld in g  o f  h y d r o 
c a r b o n  ta i l s  f r o m  w a te r  b y  e th y le n e  o x id e  u s e d  in  R e ic h ’s c a lc u la t io n s  
a c c o u n te d  f o r  o n ly  “ c o m p le te  m ic e lle s”  i .e .,  w h e re  th e  h y d r o c a r b o n  c o re  
w a s  e n ti r e ly  c o v e re d  b y  e th y le n e  o x id e  c h a in s .  I t  h a s  a ls o  b e e n  p o in te d  
o u t  t h a t ,  u n f o r tu n a te ly ,  u n d e f in e d  p a r a m e te r s  in  H o e v e  a n d  B e n s o n ’s 
th e o r y  m a k e s  c o m p a r is o n  w i th  p r a c t ic a l  r e s u l ts  s o m e w h a t  d iff ic u lt  
(D e b y e  &  P r in s ,  1 9 5 8 ; S c h ic k , A t la s  &  E ir ic h ,  1962). A r a n o w  (1 9 6 3 ) 
h a s  r e a n a ly s e d  R e ic h ’s m o d e l  f r o m  th e  tw o  p h a s e  a p p r o a c h  a n d  d e v e lo p e d  
a  t h e o r y  o f  m ic e lla r  s ta t i s t ic a l  m e c h a n ic s  f r o m  th e  e x te n d e d  th e o r y  o f  
d i lu te  s o lu t io n s  ( F o w le r  &  G u g g e n h e im , 195 6 ), th e  d ie le c tr ic  c o n t in u u m  
m o d e l  o f  th e  s o lv e n t,  a n d  th e  s ta t i s t ic a l  m e c h a n ic a l  t r e a tm e n t  o f  p h y s ic a l  
c lu s te r s  a t  c o n s t a n t  p r e s s u r e  (H il l ,  1955). A r a n o w  h a s  a ls o  f o r m u la te d  
a  m o r e  g e n e ra l  t h e o r y  b y  e l im in a t io n  o f  th e  f i r s t  tw o  a p p r o a c h e s .

A  th e o r y  p o s tu la te d  b y  N a k a g a w a  &  K u r iy a m a  (1 9 5 7 a ), c o n s id e r e d  
t h a t  th e  m a in  f a c to r s  p r e v e n t in g  a s s o c ia t io n  a r e  th e  h e a t  o f  h y d r a t io n  
a n d  th e  c o n f ig u r a t io n a l  e n t r o p y  t e r m s  o f  th e  f le x ib le  h y d r o p h i l ic  c h a in .  
I t  g a v e  q u a n t i t a t iv e  p r e d ic t io n s  f o r  th e  cmc, m ic e lla r  w e ig h t  a n d  o th e r  
p r o p e r t i e s  in  s o lu t io n ,  b u t  c o u ld  n o t  r e a s o n a b ly  e x p la in  te m p e r a tu r e  
e ffe c ts  a n d  c lo u d in g  p h e n o m e n a .

I l lu s t r a t e d  in  t e r m s  o f  th e  m o n o m e r  c o n c e n t r a t io n ,  th e  tw o  m a in  
a p p r o a c h e s  to  m is c e l l is a t io n  a r e  s h o w n  in  F ig .  1. T h e  m a s s  a c t io n  
a p p r o a c h  c o n s id e r s  th e  e q u i l ib r iu m  b e tw e e n  m o n o m e r s  a n d  m ic e lle s  
( m o la r  c o n c e n t r a t io n s  x  a n d  m  re sp e c tiv e ly ) ,  in  t e rm s  o f  a n  e q u i l ib r iu m  
c o n s t a n t  K ,  a n d  a n  a g g r e g a t io n  n u m b e r  n

N ( m o n o m e rs )  ^  m ic e lle

K  =  m / x * ..................................................  (5 )

C o n c e n t r a t io n s  h a v e  b e e n  w r i t te n  f o r  a c t iv it ie s  in  (5 ), a n d  th e  a c t iv i ty  o f  
w a te r  e n te r in g  in to  th e  e q u i l ib r iu m  h a s  b e e n  n e g le c te d ,  p e r h a p s  in  a n  
u n w a r r a n t e d  m a n n e r  f o r  lo w  n v a lu e s ,  b u t  th e  p o i n t  a t  is su e  h e r e  (F ig .  1) 
is  t h a t  th e  c o n c e n t r a t io n  o f  m o n o m e r s  in c re a s e s  a b o v e  th e  cmc, a s  a
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r e s u l t  o f  th e  m a s s  a c t io n  a p p r o a c h .  T h e  in c re a s e  is  m o r e  p r o n o u n c e d  
a t  lo w  a g g r e g a t io n  n u m b e r s  t h a n  a t  h ig h  o n e s .

T n e  p s e u d o p h a s e  a p p r o a c h ,  w h ic h  su g g e s ts  t h a t  a ll  m ic e ll is e d  s o lu te  
fo r m s  a  s e p a ra te  b u t  s o lu b le  p h a s e ,  w o u ld  g iv e  th e  p ic tu r e  s h o w n  b y  th e  
b r o k e n  l in e s  in  F ig .  1 ;  a s  th e  c o n c e n t r a t io n  is  in c re a s e d  a b o v e  CMC, a ll  
a d d e d  s o lu te  m ic e llise s , a n d  th e r e  is  n o  f u r th e r  in c re a s e  in  m o n o m e r  
c o n c e n tr a t io n .

P. H. ELWORTHY AND C. B. MACFARLANE

c

F ig . 1. P lo t o f concen tra tions o f  m onom ers, x, against to ta l detergen t c o n ce n tra tio n  
c, evaluated  from  eq uation  (5). In  all instances K  =  1 (unbroken  lines). The 
b roken  lines ind icate  the m onom er concen tra tion  above the  cmc as expected from  
the  pseudo-phase  theory  o f m icellisation. F igures on the  curves a re  aggregation  
num oers.

P r a c t ic a l ly ,  i f  th e  a g g r e g a tio n  n u m b e r  is  g r e a te r  t h a n  2 0 , th e n  e i th e r  
m o d e l  g iv es  th e  s a m e  th e r m o d y n a m ic  p r o p e r t i e s  o f  m ic e ll is a t io n ,  w i th in  
e x p e r im e n ta l  e r r o r .  F u n d a m e n ta l ly ,  i t  is  n e c e s s a ry  t o  k n o w  w h ic h  
a p p r o a c h  is  c o r r e c t ;  a t  th e  p r e s e n t  t im e  th e r e  a r e  s e v e ra l  exp erim en ta l 
in c o n s is te n c ie s .

G ib b s ’ e q u a t io n  r e la te s  th e  c h a n g e  in  su r fa c e  t e n s io n ,  d y , t o  th e  su r fa c e  
ex ce ss , r 2, a n d  th e  s o lu te  a c t iv ity ,  a 2.

- d y  =  r 2  R T  d  In  a 2 ..................................  ( 6 )

P r o v id e d  F 2  is  c o n s ta n t ,  a s  i t  a p p e a r s  to  b e  in  th e  p o s t  cmc re g io n ,  a n y  
c h a n g e  in  s o lu te  a c t iv ity  s h o u ld  g iv e  r is e  t o  a  c h a n g e  in  s u r fa c e  te n s io n .  
U s in g  th e  m a s s - a c t io n  la w  a n d  G ib b s ’ e q u a t io n ,  r o u g h  c a lc u la t io n s  o f  th e  
s u r fa c e  t e n s io n  v a r ia t i o n  b e tw e e n  o n e  a n d  t e n  t im e s  th e  cmc c a n  b e  m a d e ,  
g iv in g  a  fe w  te n th s  o f  a  d y n e /c m  a t  a n  a g g r e g a tio n  n u m b e r  o f  1 0 0 , a n d  
a r o u n d  1 d y n e /c m  a t  N  =  2 0 . E x a m in a t io n  o f  m o s t  s u r f a c e  te n s io n -  
c o n c e n t r a t io n  c u rv e s  r e p o r t e d  in  th e  l i t e r a tu r e  sh o w s  a  c o n s t a n t  su r f a c e  
te n s io n  in  th e  p o s t  cmc r e g io n  ( th e  e x c e p tio n  a r e  th e  r e s u l ts  o f  H u d s o n  
&  P s th ic a ,  1964). A t  f i r s t  s ig h t  th is  is  s u p p o r t  f o r  th e  p s e u d o - p h a s e  
m o d e l  o f  m ic e ll is a t io n ,  e v e n  a t  lo w  m ic e lla r  a g g r e g a tio n  n u m b e r s .  T h e s e  
r e s u l ts  a r e  in c o n s is te n t  w i th  v a p o u r  p r e s s u r e - c o n c e n t r a t io n  c u rv e s  o f  
C o rk i l l ,  G o o d m a n  &  H a r r o ld  (1 9 6 4 ) o n  C sn 6, o r  C o rk i l l ,  G o o d m a n  &  
T a te  (1 9 6 4 ) o n  C en 6, a n d  o f  E lw o r th y  &  F lo r e n c e  (u n p u b l is h e d )  o n  C 4 n 6  

a n d  M e 2 C H - C H 2 n,,. T h e  v a p o u r  p r e s s u r e  s tu d ie s  c le a r ly  s h o w  a  c h a n g e  
o f  s o lu te  a c t iv i ty  a b o v e  th e  cmc, w h ic h  w o u ld  b e  e x p e c te d  i f  th e  m a s s  
a c t io n  a p p r o a c h  a p p l ie d  to  m ic e ll is a t io n .
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T h e s e  in c o n s is te n c ie s  a r e  w i th in  ( n o t  b e tw e e n )  th e  r e s u l ts  o f  tw o  g r o u p s  
o f  w o r k e r s ,  a n d  i t  is  d if f ic u lt  t o  see  w h y  th e y  h a v e  a r is e n ,  u n le s s  th e  
s y n th e s is e d  c o m p o u n d s  a r e  s a t is f a c to r y  f o r  th e  s tu d y  o f  b u lk  p r o p e r t ie s ,  
b u t  n o t  su f f ic ie n tly  p u r e  f o r  s u r fa c e  c h e m is try .  I t  is  p e r t i n e n t  t o  r e p o r t  
u n p u b l is h e d  w o r k  o f  M y s e ls  &  E lw o r th y ,  w h o  h a v e  f o u n d  t h a t  a  c le a r  
p ic tu r e  o f  th e  s u r fa c e  t e n s io n  o f  s o d iu m  d o d e c y l  s u lp h a te  s o lu t io n s  a t  
c o n c e n t r a t io n s  g r e a te r  t h a n  th e  CMC c o u ld  b e  o b ta in e d  o n ly  i f  th e  d e te r g e n t  
w a s  p u r i f ie d  b y  f o a m in g  im m e d ia te ly  b e f o re  u se , a n d  a il  m e a s u r e m e n ts  
w e re  m a d e  in  e s s e n t ia l ly  a  c lo s e d  sy s te m . T h e  v a r ia t i o n  o f  s u r fa c e  
te n s io n  w i th  c o n c e n t r a t io n  w a s  th e n  a p p a r e n t ,  in d ic a t in g  t h a t  th e  m a s s  
a c t io n  a p p r o a c h  w a s  v a lid  f o r  th is  sy s te m .

A  r e c e n t  p a p e r  b y  M u k e r je e  (1 9 6 2 ) h a s  c o m e  d o w n  h e a v i ly  in  f a v o u r  o f  
th e  m a s s  a c t io n  a p p r o a c h  a n d  a t t e m p te d  to  p o i n t  o u t  so m e  o f  th e  d iffi
c u lt ie s  a n d  in a c c u ra c ie s  o f  t h e  tw o  p h a s e  th e o ry .

S o m e  c o n c e r n  a b o u t  th e  t h e r m o d y n a m ic  p ic tu r e  b e in g  b u i l t  u p  m a y  b e  
n e c e s s a ry ,  a s  th e  CMC v a lu e s  f r o m  w h ic h  th e s e  p r o p e r t i e s  a r e  c a lc u la te d  
a r e  la rg e ly  d e te r m in e d  f r o m  s u r fa c e  te n s io n  m e a s u r e m e n ts .  T h e r e  is  
n e e d  f o r  a  s e c o n d  p re c is e  m e th o d  o f  d e te r m in in g  cmc, p r e fe r a b ly  b a s e d  o n  
b u lk  p r o p e r t i e s ; u n f o r tu n a te ly  d y e  s o lu b i l i s a t io n  o r  in te r f e r o m e tr y  d o  n o t  
a p p e a r  t o  b e  p re c is e  e n o u g h .

U s in g  th e  p s e u d o - p h a s e  a p p r o a c h ,  th e  t e m p e r a tu r e  d e p e n d e n c e  o f  th e  
cmc c a n  b e  u s e d  to  e v a lu a te  th e  h e a t  o f  m ic e ll is a t io n ,  A H m

A S m is  p o s i t iv e  f o r  a  v a r ie ty  o f  s y n th e tic  d e te rg e n ts ,  a n d  m ic e ll is a t io n  is  
g o v e rn e d  t o  a  la r g e  e x te n t  b y  th e  g a in  in  e n t r o p y  a s s o c ia te d  w i th  th e  
t r a n s f e r  o f  a  m c n o m e r  in to  a  m ic e lle . T h is  se e m s to  b e  d u e  to  th e  lo s s  o f  
th e  “ ic e b e r g ”  s t r u c tu r e  o f  w a te r  f r o m  a r o u n d  th e  h y d r o c a r b o n  c h a in  
d u r in g  th is  s te p  ( C o rk i l l ,  G o o d m a n  &  O tte w il l ,  1 9 6 1 ; S c h ic k , 1 9 6 3 a ;  
E lw o r th y  &  F lo r e n c e  1963 , 1 9 6 4 ;  C o r k i l l ,  G o o d m a n  &  H a r r o ld ,  1 9 6 4 ; 
C o r k i l l ,  G o o d m a n  &  T a te ,  1964). W is h n ia  (1 9 6 3 ) h a s  s h o w n  t h a t  o n  
t r a n s f e r r in g  n - b u ta n e  f r o m  a n  a q u e o u s  s o lu t io n  in to  a  h y d r o c a r b o n  
p h a s e ,  th e  e n t r o p y  c h a n g e  is  23  c a l  m o l e 1  d e g . - 1 . S im ila r  d a t a  f o r  th e  
se r ie s  o f  n o r m a l  h y d r o c a r b o n s  u s u a l ly  f o u n d  in  n o n - io n ic  d e te r g e n ts  
w o u ld  b e  a  v e ry  u s e fu l  s t a r t in g  p o i n t  f o r  th e  d is c u s s io n  o f  th e  th e r m o 
d y n a m ic s  o f  m ic e ll is a t io n . O th e r  f a c to r s  p e r t i n e n t  t o  th e  m ic e ll is a t io n  
p ro c e s s  a r e  c o n f ig u r a t io n  e n t r o p y  c h a n g e s  o f  h y d r o c a r b o n  a n d  p o ly o x y 
e th y le n e  c h a in s ,  a n d  p o s s ib le  c h a n g e s  o f  th e  s o lv a t io n  o f  th e  p o ly o x y 
e th y le n e  c h a in  w h e n  m ic e ll is a t io n  t a k e s  p la c e .  T h e  u s e f u l  a p p r o a c h  o f  
d i r e c t  m e a s u r e m e n t  o f  h e a ts  o f  m ic e ll is a t io n  b y  c a lo r im e tr y  h a s  r e c e n tly  
b e e n  m a d e  b y  C o r k i l l ,  G o o d m a n  &  T a te  (1 9 6 4 ), s h o w in g  a n  in c r e a s e  in  
A S m w i th  in c r e a s in g  h y d r o c a r b o n  c h a in  le n g th  f o r  m o n o e th e r s  o f  h e x a o x y -  
e th y le n e  g ly co l.

a n d  th e  e n t r o p y  o f  m ic e ll is a t io n , A S m

A Sm  =  A H m /T (8)
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I t  is  s o m e w h a t  o f  a  d i s a d v a n ta g e  to  k n o w  so  l i t t le  o f  th e  p r o p e r t i e s  o f  
m o n o m e r s  o f  n o n - io n ic  d e te r g e n ts  in  s o lu t io n .  H o w e v e r ,  p r e l im in a r y  
s tu d ie s  o f  s y n th e tic  g ly c o ls  a n d  o f  d e te r g e n ts  w i th  s h o r t  h y d r o c a r b o n  
c h a in s  in d ic a te  a  f a ir ly  h ig h  d e g re e  o f  h y d r a t io n  o f  th e  p o ly o x y e th y le n e  
c h a in s  in  s o lu t io n  ( E lw o r th y  &  F lo r e n c e ,  u n p u b l is h e d ) .

CRITICAL MICELLAR CONCENTRATION
T h e  f o r m a t io n  o f  m ic e lle s  c a u s e s  a b r u p t  c h a n g e s  in  m a n y  o f  th e  p h y s ic a l  

p r o p e r t i e s  o f  a  s o lu t io n  o f  a  s u r f a c t a n t  ( G r in d le y  &  B u ry , 1929) p r o v id e d  
t h a t  th e  a g g r e g a tio n  n u m b e r  is  f a i r ly  la rg e ,  a n d  m e a s u r e m e n t  o f  th e  
c o n c e n t r a t io n  a t  w h ic h  th e s e  c h a n g e s  t a k e  p la c e  is  g e n e ra lly  t a k e n  a s  
in d ic a t iv e  o f  th e  c o a le s c e n c e  o f  th e  m o n o m e r s .  P h i l l ip s  (1 9 5 5 ) h a s  
p r o p o s e d  t h a t  th e  cmc c o u ld  c o n v e n ie n t ly  b e  d e f in e d  m a th e m a tic a l ly  a s  
th e  t o ta l  c o n c e n t r a t io n  (c )  a t  w h ic h  s o m e  c o ll ig a t iv e  p r o p e r ty  <p g a v e  
d(/>3 / d c 3  =  0  b u t  th e  c h o ic e  o f  th e  c o ll ig a t iv e  p r o p e r ty  f o r  d e f in in g  th e  
cmc g e n e ra lly  d e p e n d e d  o n  f a c to r s  o f  c o n v e n ie n c e .  T h e  e x a c t  lo c a t io n  
o f  th e  cmc is  th u s  t o  so m e  e x te n t  su b je c t iv e ,  b u t  c a n  b e  r e c o r d e d  w i th  
su ff ic ie n t m e a n in g  in  m o s t  in s ta n c e s .

D u e  to  th e  a b s e n c e  o f  e le c t r o s ta t ic  r e p u ls io n ,  n o n - io n ic  d e te r g e n ts  
t e n d  to  f o r m  m ic e lle s  a t  m u c h  lo w e r  c o n c e n tr a t io n s  (B u ry  &  B ro w n in g , 
1 9 5 3 ; C o h e n ,  1952) t h a n  th e i r  io n ic  c o u n te r p a r t s  (N a k a g a w a ,  K u r iy a m a ,  
I n a b a  &  T o r i ,  1 9 5 6 ; W e il  &  S t i r to n ,  195 6 ), th u s  o th e r  c o m m o n  m e th o d s  
a r e  n o t  su f f ic ie n tly  s e n s it iv e . T e c h n iq u e s  h a v e  th e r e f o r e  b e e n  d e v e lo p e d  
in  a n  e f fo r t  t o  o v e rc o m e  th e s e  d iff ic u ltie s .

R o s s  &  O liv ie r  (1 9 5 9 ) h a v e  r e p o r te d  a  p h o to m e t r ic  m e th o d  f o r  th e  d e te r 
m in a t io n  o f  th e  cmc o f  p o ly o x y e th y le n e  a d d u c t s  in  b o th  a q u e o u s  a n d  
n o n a q u e o u s  s o lu t io n s ,  b a s e d  o n  th e  f o r m a t io n  o f  a  m o le c u la r  c o m p le x  
b e tw e e n  io d in e  a n d  th e  n c n - io n ic  m ic e lle  w h ic h  sh o w e d  a n  a b s o r p t io n  
m a x im u m  a t  3 6 0  m /x a n d  B e c h e r  (1 9 5 9 ) h a s  s h o w n  g o o d  a g r e e m e n t  
b e tw e e n  th e  r e s u l ts  o f  th is  m e th o d  a n d  v a lu e s  o b ta in e d  f r o m  l ig h t  s c a t t e r 
in g  w i th  a  r a n g e  o f  c o m m e rc ia l  n o n - io n ic  d e te r g e n ts .  E lw o r th y  (1 9 6 0 a ) 
fo l lo w e d  u p  th is  w o r k  u s in g  c e to m a c r o g o l ,  a  c o m m e rc ia l  p o ly o x y e th y le n e  
m o n o c e ty l  e th e r  c o n ta in in g  a n  a v e ra g e  o f  2 2  e th y le n e  o x id e  u n i ts ,  a n d  
o b ta in e d  c o n s is te n t  r e s u l ts  f o r  th r e e  m e t h o d s : th e  io d in e  m e th o d ,  s o lu 
b i l i s a t io n  o f  a  d y e  (d im e th y l  y e llo w ) , a n d  a  su r fa c e  t e n s io n  te c h n iq u e .  
J a p a n e s e  w o r k e r s  ( N a k a g a w a ,  K u r iy a m a ,  I n a b a  &  T o r i ,  1 9 5 6 ; N a k a g a w a ,  
K u r iy a m a  &  T o r i ,  1 9 5 6 ; N a k a g a w a  &  K u r iy a m a ,  1 9 5 7 b ), a s  w e ll a s  u s in g  
c o n v e n t io n a l  su r f a c e  t e n s io n  a n d  s o lu b i l i s a t io n  m e th o d s ,  h a v e  su g g e s te d  
p o la r o g r a p h ic  a n d  o th e r  te c h n iq u e s .  S u r fa c e  p o t e n t i a l  m e a s u r e m e n ts  
(S c h ic k , 1 9 6 3 b ), s h o w in g  s im ila r  r e s u l ts  to  th o s e  o b ta in e d  f r o m  su r fa c e  
te n s io n  (S c h ic k , 1962), h a v e  a ls o  b e e n  d e s c r ib e d . D o n b r o w  &  J a n  (1 9 6 3 ) 
r e p o r te d  th e  u s e  o f  i n te r f e r o m e tr y  f o r  d e te r m in in g  th e  cmc o f  so m e  
s y n th e tic  c o m p o u n d s .

A s  a l r e a d y  m e n t io n e d ,  th e  a b s e n c e  o f  e le c t r o s ta t ic  r e p u ls iv e  fo rc e s  
r e s u l ts  in  th e  f o r m a t io n  o f  m ic e lle s  a t  v e ry  lo w  c o n c e n tr a t io n s ,  a n d  f ig u re s  
d o w n  to  1 0 - 6  m o la r  a p p e a r  i n  th e  l i t e r a tu r e  ( C o r k i l l  &  o th e r s ,  1 9 6 1 ; 
E lw o r th y  &  M a c fa r la n e ,  1 9 6 2 b ). T h e  cmc, a s  m ig h t  b e  e x p e c te d , h a s  
b e e n  in te r p r e te d  a s  a  f u n c t io n  o f  th e  h y d r o p h o b e - h y d r o p h i le  b a la n c e  o f
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t h e  m o le c u le ,  a n d  R e ic h ’s s u g g e s t io n  (R e ic h ,  195 6 ), t h a t ,  f o r  a  g iv e n  
h y d r o p h o b ic  m o ie ty ,  th e  cmc w ill  in c re a s e  w i th  in c r e a s in g  e th y le n e  o x id e  
c h a in  le n g th ,  h a s  b e e n  d e m o n s t r a te d  b y  s e v e ra l  w o r k e r s  ( N a k a g a w a  &  
K u r iy a m a ,  1 9 5 7 b ; L a n g e ,  1 9 6 0 ; S c h ic k , 1 9 6 3 b ). F o r m u la e  f o r  t h e i r  
r e la t io n s h ip ,  o n  l in e s  p a r a l le l  t o  t h a t  o f  K le v e n s  (1 9 5 3 ) f o r  a  h o m o lo g o u s  
se r ie s  o f  io n ic  d e te r g e n ts ,  h a v e  b e e n  p u b l is h e d  (H s a io ,  D u n n in g  &  
L o r e n z ,  1 9 5 6 ; B e c h e r ,  1959 ; E lw o r th y  &  M a c fa r la n e ,  1 9 6 2 b ) i .e .,

lo g  cmc =  A  +  B x

w h e r e  A  a n d  B  a r e  c o n s ta n t s  f o r  a  g iv e n  h y d r o p h o b e  a n d  x  is  th e  n u m b e r  
o f  e th y le n e  u n i ts  p e r  m o le c u le .  T h e s e  e q u a t io n s  m a y  o n ly  h o ld  o v e r  a  
l im i te d  r a n g e  o f  e th y le n e  o x id e  c h a in  le n g th s  (see  T a b le  1), a s  a  c o m p a r is o n  
o f  o c ta d e c y l  e th e r s  c o n ta in in g  f o u r te e n  a n d  o n e  h u n d r e d  e th y le n e  o x id e  
u n i ts  p e r  m o le c u le  r e sp e c tiv e ly ,  h a v e  s h o w n  a n  u n p r e d ic ta b ly  lo w e r  cmc 
v a lu e s  f o r  th e  l a t t e r  (S c h ic k , 1962) w h ile  f o r  so m e  s h o r t  h y d r o c a r b o n  
c h a in  c o m p o u n d s ,  M u lle y  &  M e tc a l f  (1 9 6 2 ) h a v e  c la im e d  t h a t  in c re a s in g  
th e  g ly c o l c h a in  le n g th s  h a d  l i t t le  e ffe c t o n  th e  cmc (u p  to  s ix  e th y le n e  
u n i ts  p e r  m o le c u le ) .

A s  f a r  a s  a l t e r a t io n  o f  th e  h y d r o p h o b ic  g r o u p  w a s  c o n c e r n e d  th e  
n u m b e r  o f  c a r b o n  a to m s ,  e v e n  in  a  s a tu r a t e d  h y d r o c a r b o n  c h a in ,  d id  n o t  
n e c e s s a r i ly  d i r e c t ly  in f lu e n c e  th e  h y d r o p h o b ic  w e ig h tin g  o f  t h a t  m o ie ty  a s  
f a r  a s  cmc w a s  c o n c e rn e d .  T h e  o v e ra l l  n u m b e r  o f  c a r b o n  a to m s  in  a  
s t r a ig h t  c h a in  a p p e a r e d  to  b e  th e  m a in  f a c to r ,  a s  c o m p a r is o n  o f  th e  CMC 
o f  b r a n c h e d  tr id e c y l  a n d  n -d o d e c y l  a d d u c t s  (S c h ic k , 1962), w i th  th e  sa m e  
n u m b e r  o f  e th y le n e  o x id e  u n i ts ,  s h o w e d  th e  l a t t e r  t o  b e  a p p r o x im a te ly  
h a l f  t h a t  o f  th e  f o r m e r .  E x p e r im e n ts  w i th  sy n th e s is e d  ( C o r k i l l  &  o th e r s ,  
1961), a n d  c o m m e rc ia l  c o m p o u n d s  (S c h ic k , 1 9 6 2 ; H s a io  &  o th e r s ,  1956), 
h a v e  s h o w n  t h a t  f o r  a  g iv e n  e th y le n e  o x id e  c h a in  th e  CMC d e c re a s e d  w ith  
in c re a s e d  le n g th  o f  th e  h y d r o p h o b ic  m o ie ty .  S c h ic k  (1 9 6 2 ), h o w e v e r ,  
f o u n d  l i t t le  d i f fe re n c e  i n  th e  CMC o f  f r a c t io n a t e d  o c ta d e c y l  a n d  d o d e c y l  
m o n o e s te r s  c o n ta in in g  f o u r te e n  e th y le n e  o x id e  u n i ts ,  a n d  L a n g e  (1 9 6 0 ) 
f o u n d  th e  g e n e ra lly  a c c e p te d  b e h a v io u r  w a s  in v a l id  w i th  p o ly o x y e th y le n e  
e th e r s  o f  p a ra f f in  c h a in  a lc o h o ls  g r e a te r  t h a n  d o d e c y l .

A t te m p ts  a t  c o r r e la t io n  b e tw e e n  th e  v a lu e s  o f  cmc f o r  d i f f e re n t  c o m 
m e r c ia l  a lc o h o l  a d d u c t s  (B e c h e r ,  1959) s h o w e d  th e  s lo p e s  o f  g r a p h s  o f  lo g  
CMC v s. e th y le n e  o x id e  c o n te n t  d e c re a s e d  w i th  in c re a s e  o f  th e  n u m b e r  o f  
c a r b o n  a to m s  in  th e  s t r a ig h t  c h a in  o f  th e  h y d r o p h o b ic  g r o u p ,  a n d  th e  
se r ie s  h a d  a  c o m m o n  in te r c e p t  a t  a  h y p o th e t i c a l  z e ro  e th y le n e  o x id e  
c o n te n t .  U n l ik e  m o s t  p u b l is h e d  cmc r e s u l ts ,  c o n c e n t r a t io n s  in  th is  
w o r k  w e re  b a s e d  o n  %  w /v ;  c o n v e r s io n  o f  th e s e  r e s u l ts  to  th e  m o re  
c o m m o n  m o le s / l i t r e  d e s ig n a t io n  o f  c o n c e n t r a t io n  h a v e  s h o w n  t h a t  th e  
cmc f o r  th e  l a u r y l  a n d  s te a ry l  a d d u c t s  d e c re a s e d  w i th  e th y le n e  o x id e  
c h a in  le n g th ,  a l th o u g h  th e  cmc f o r  th e  (o x o -p ro c e s s )  t r id e c y l  a lc o h o l  
a d d u c t s  s t i ll  in c re a s e d .  D e s p i te  th is ,  f o r  a  g iv e n  e th y le n e  o x id e  c h a in ,  
th e  cmc (m o le s / l i t r e )  d e c re a s e d  w i th  l e n g th e n in g  o f  th e  a l ip h a t ic  c h a in .  
S u c h  r e s u l ts  f u r th e r  s tre s s  th e  u n s a t i s f a c to r y  n a tu r e  o f  w o r k in g  w ith  
h e te r o g e n e o u s  c o m p o u n d s .

T h e  p re s e n c e  of a  s h a r p ly  d e f in e d  cmc h a s  b e e n  a s s u m e d  in  m o s t  of
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T A B LE 1. CRITICAL MICELLE CONCENTRATIONS OF SYNTHETIC NON-IONIC DETERGENTS

A bbrev iations: n-butyl =  C4, n-octyl =  C 8, etc., b ranched  chain  hydro carb o n  
structures w ritten  in full ; n 6 =  -(O C H 2C H 2)6OEl, etc., * is m ean value o f deter
m inations by several m ethods.

Compound
CMC

Moles/litre (upper line) 
at 0 C (lower line) Reference

0-80 0-76 0-71 Elworthy & Florence. 1964
2 0 30 40

Me2CH-CH.n, 0-91 0-8 8 0-85 Ib id .
2 0 30 40

(xlO"!) 10-7 1 0 0 7-8 Corkill, Goodman & Harrold,
15 25 35 1964

(X 10-a) 9-0 Donbrow & Jan, 1963
2 0

(X 10"a) 9-2 n i d .
2 0

(xlO -a) 7-4 6-5 5-2 Elworthy & Florence. 1964
2 0 30 40

E t g C H ’C H a n s (X 1 0 -2) 1 0 0 9-3 8-7 Ib id .
2 0 30 40

(X IO-3 9-3 7-5 Corkill, Goodman & Harrold,
15 25 1964

(X IO"3) 11*9 9 .9 7-7 6-7 Ib id .
15 25 35 45

(X IO-3) 9-8 Corkill & others, 1961
25

(X Í0 -3) 11-3 8-9 7-2 Balmbra & others, 1964
18 30 40

Pr2CHCHsn„ (xlO-3) 23 2 0 Elworthy & Florence, 1964
2 0 30

(X 1 0“s) 16 13 11 Corkill, Goodman & Harrold,
15 25 35 1964

(xlO-‘) 7-3 60 5-6 Ib id .
15 25 35

(X IO-4) 14-5 11-2 9-8 9-0 Hudson & Pethica, 19641 6-8 10 15
(xlO-4) 7-3 6-8

2 0 25
(X IO-4) 0-53* Carless, Challis & Mulley, 1964

C10n5 (XlO-4) 14-1 11-8 9-7 90 Hudson & Pethica, 19645 10 15 2 0
(X 1 0 -4) 81 7-6 7-2 6-8

25 30 35 40
(xlO-4) 8 -6 * Donbrow & Jan, 1963

2 0
(xlO-4) 9-3* Carless & others, 1964

2 0
(x IO-4) 11-4 90 6-6 6-4 Corkill, Goodman & Harrold,

15 25 35 45 1964
(X IO"4) 90 6-6 4-3 Balmbra & others, 1964

25 35 45
(X IO-4) 9 .4 * Donbrow & Jan, 1963

2 0
Bu2CH,CH2n6 (xlO -) 34 31 28 Elworthy & Florence, 1954

15 2 0 25C]0n6 (xlO-4) 21 17-2 14 11 Hudson & Pethica, 19645 10 15 2 0
9 7-3

25 35
C10n9 (X IO"4) 14 13 11 Corkill, Goodman & Harrold15 25 35 1964
Bu2CH*CH2n9 (xlO“4) 32 28 24 Elworthy & Florence, 196420 30 40
C12nB (xlO-6) 4-2* Donbrow & Jan, 196320

(xlO -6) 5-7 Lange, 1960
23

( x 10-6) 3-8* Carless & others, 196420
C12n6 (x 10-6) 10-8 8-7 7-2 Corkill & others, 196115 25 35 Corkill, Goodman & Harrold,

1964(x 1 0~5) 8-7* Donbrow & Jan, 196320
(X 10-5) 7 .9 * Carless & others, 1964

2 0
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T A B L E  1— continued

Compound
Moles/litre (upper line) 

at 0 C (lower line) Reference
Ci2D7
Qt2n6
Ci2n12

Ca3ne
Ci3n10
Cjgnjg
Cĵ ne
Ci6n6

CieHg

Ci6n7

Ci6n8

C2$n j2 
C16n16

Cigliai

(  X IO-5) 

(xlO -5) 
(x  IO-5) 
( x l O - 5) 

x  IO -5)

( x  IO -8) 

( x l O - 3) 

( x l O - 6) 

(x IO-8) 
( x  IO -3) 

( x l O - 8) 

( x l O - 8) 

( x  IO"3) 

( x l O - 3) 

( x  IO -6) 

( x l O - 8) 

x  IO '3)

8-0
23
10
23
14
23
11
25
12
25
11
25
10
25

1
35 
1

25
1- 7 

25 
97* 
27

1*7
25
2- 1 

25 
38* 
20
36 
20

2- 3 
25

31
25

3- 9 
25

Lange, 1960 
Ib id .

Ib id .

Becher, 1964 
Ib id .

Ib id .

Balmbra & others, 1964 
Ib id .

Corkill & others, 1961 
Elworthy & Macfarlane, 1963 
Carless & others, 1964 
Elworthy & Macfarlane, 1963b 
Ib id .

Donbrow & Jan, 1963 
Carless & others, 1964 
Elworthy & Macfarlane, 1962b 
Ib id .

Ib id .

th e  p re v io u s ly  m e n t io n e d  w o r k  o n  th is  s u b je c t ,  b u t  K u s h n e r  &  H u b b a r d  
(1 9 5 4 ) c la im e d ,  f r o m  tu r b id im e t r i c  r e s u l ts  o n  a  s a m p le  o f  T r i t o n  X  100, 
t h a t  th e r e  w a s  no w e ll d e f in e d  cmc b u t  a  g r a d u a l  in c re a s e  i n  th e  f r a c t io n  
o f  a d d e d  d e te r g e n t  f o r m in g  m ic e lle s  u p  to  a  c o n c e n t r a t io n  o f  a b o u t  
0-3 g /1 0 0  m l, w h e re  v i r tu a l ly  a l l  o f  e a c h  in c r e m e n t  a d d e d  to  th e  s o lu t io n  
b e c a m e  m ic e lla r .  T h e  a u th o r s  s u g g e s te d  t h a t  th is  m a y  h a v e  b e e n  c a u s e d  
b y  th e  e ffe c ts  o f  th e  c h a in  le n g th  d i s t r i b u t i o n ; th e  s h o r te r  e th y le n e  o x id e  
a d d u c t s  f o r m in g  m ic e lle s  a t  lo w e r  c o n c e n tr a t io n s .  L a t e r  w o r k  ( K u s h n e r ,  
H u b b a r d  &  D o a n ,  1957) o n  m o le c u la r ly  d is t i l le d  f r a c t io n s  s ti ll  s h o w e d  n o  
s h a r p  cmc. T h e  c o n c e n t r a t io n  w h e re  th e  c o n c e n t r a t io n / tu r b id i ty  v s . 
c o n c e n t r a t io n  g r a p h  s e t t le d  t o  a  s t r a ig h t  l in e  w a s  lo w e r  in  th e  c a s e  o f  th e  
f r a c t io n  w i th  th e  s h o r te r  m e a n  e th y le n e  o x id e  c h a in  le n g th .  W h e n  
c o n s id e r in g  th e s e  l a t t e r  r e s u l ts  i t  m u s t  b e  b o r n e  in  m in d  t h a t  m o le c u la r  
d i s t i l la t io n  d o e s  n o t  g iv e  a  se r ie s  o f  c le a r  c u t  c h e m ic a l  e n ti t ie s ,  b u t  a t  th e  
b e s t  m e re ly  in c re a s e s  th e  in c id e n c e  o f  m o le c u le s  h a v in g  a n  e th y le n e  o x id e  
c o n te n t  c lo s e  t o  t h a t  o f  th e  m e a n .  I t  h a s  b e e n  s u g g e s te d  t h a t  th is  m o n o 
m e r  s a tu r a t i o n  c o n c e n t r a t io n  is  a n  a r t i f a c t  a r is in g  f r o m  n o n - e q u i l ib r a te d  
s o lu t io n s  (B e c h e r  &  C lif to n ,  1959), b u t  th is  t im e  d e p e n d e n c e  o f  m ic e lla r  
b r e a k d o w n  h a s  in  t u r n  b e e n  a t t r i b u te d  to  th e  p re s e n c e  o f  im p u r i t ie s  
( C o r k i l l  &  o th e r s ,  19 6 1 ), a n d  d id  n o t  o c c u r  w h e n  c h e m ic a lly  p u r e  s y n 
th e t ic  c o m p o u n d s  w e re  s tu d ie d .
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T h e  d e te r m in a t io n  o f  CMC o f  a  se r ie s  o f  h o m o g e n e o u s  p - t - o c ty lp h e n o x y -  
e th o x y e th a n o ls  ( c o n ta in in g  f r o m  1 -1 0  e th y le n e  o x id e  u n i ts )  b y  C r o o k ,  
F o r d y c e  &  T r e b b i  (1 9 6 3 ), s h o w e d  th e  g e n e ra l  t r e n d  o f  in c r e a s e d  CMC 
w ith  p o ly o x y e th y le n e  c h a in  le n g th e n in g .

R e c e n t  w o r k  o n  a  s y n th e tic  d o d e c y l  e th e r  o f  h e x a o x y e th y  c n c  g ly co l 
( B a lm b r a ,  C lu n ie ,  C o r k i l l  &  G o o d m a n ,  1962) g iv es  a n o th e r  in te r e s t in g  
a s p e c t .  C o m p a r i s o n  o f  th e  CMC o b ta in e d  f r o m  su r fa c e  t e n s io n  p lo ts  
( c 0) w i th  t h a t  a p p a r e n t  f r o m  tu r b id i ty  (c t)  s h o w e d  th e  l a t t e r  t o  b e  m u c h  
h ig h e r .  T h e  c o n s t a n t  v a lu e  f o r  th e  su r fa c e  t e n s io n  o b s e rv e d  a t  c o n c e n t r a 
t io n s  g r e a te r  t h a n  c 0  w a s  t a k e n  to  in d ic a te  t h a t  th e  a c t iv i ty  o f  th e  m o n o 
m e rs  in  e q u i l ib r iu m  w i th  th e  su r fa c e  p h a s e  r e m a in e d  c o n s ta n t ,  c L b e in g  
c a u s e d  b y  th e  m ic e lla r  u n i ts  b e tw e e n  c 0  a n d  c x h a v in g  su c h  lo w  a g g r e g a t io n  
n u m b e r s  t h a t  th e  s o lu t io n  tu r b id i t ie s  a r e  t o o  s m a ll  t o  b e  d is t in g u is h e d  
e x p e r im e n ta l ly  f r o m  th e  s o lv e n t  tu r b id i ty ,  a n d  o n ly  a t  c o n c e n t r a t io n s  
g r e a te r  t h a n  cx d o e s  th e  m ic e lla r  w e ig h t  b e c o m e  a p p r e c ia b le  a n d  c o n s ta n t .

F u r th e r m o r e ,  in  a  s tu d y  o f  th e  l ig h t  s c a t te r in g  o f  m o n o h e x a d e c y l - n 6  

a n d  m o n o h e x a d e c y l - n 7, a n  a s s o c ia t io n  o f  s m a ll  in to  la rg e  m ic e lle s  h a s  
b e e n  d e te c te d  (E lw o r th y  &  M a c fa r la n e ,  1 9 6 2 a ) ;  b e a r in g  o u t  t in s  id e a  o f  
a  s e c o n d  a s s o c ia t io n  c o n c e n t r a t io n  h ig h e r  t h a n  th e  f i r s t  c m c . T h e  
v a lu e s  o f  th is  s e c o n d  a s s o c ia t io n  c o n c e n t r a t io n  a p p e a r  t o  d e c re a s e  w ith  
in c r e a s in g  e th y le n e  o x id e  c h a in  le n g th  a n d  m a y  a c c o u n t  f o r  so m e  o f  th e  
a p p a r e n t ly  a n o m a lo u s  r e s u l ts  o b ta in e d  in  s tu d y in g  th e s e  c m c  v a lu e s  b y  
d if fe re n t  m e th o d s .

P. H. ELWORTHY AND C. B. MACFARLANE
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Research Papers
Salicylate and aminotransferases
B. J. G O U L D *  A N D  M . J. H . S M IT H

Enzym ic transfer o f  the  am ino-group o f each o f 20 am ino-acids to  a-oxog lu tara te  has 
been studied  using lyophilised extracts o f ra t  heart, liver, b ra in , kidney and  skeletal 
m uscle as enzym e source. T he g lu tam ate  p roduced  was estim ated  from  th e  carb o n  
dioxide liberated  by a  bacteria l decarboxylase in  an  autoanalyser. Only asparagine 
was com pletely inactive in the  transfer. A m inotransferase activity was otherw ise 
unevenly d istribu ted  in the  tissues. Salicylate (10 m M ) was generally inh ib ito ry  b u t 
it activated the  L -tryp tophan-a-oxoglutarate  am inotransferase.

S A L I C Y L A T E  h a s  b e e n  f o u n d  to  in te r f e r e  w i th  se v e ra l  im p o r t a n t  
p a th w a y s  in v o lv in g  th e  m e ta b o l i s m  o f  g lu ta m a te  in  a n im a l  t is s u e  

e x tr a c ts .  T h e  d r u g  in h ib i t s  th e  s y n th e s is  o f  g lu ta m in e  (M e s s e r ,  19 5 8 ), th e  
i n c o r p o r a t io n  o f  g lu ta m a te  i n to  p r o t e in  (M a n c h e s te r ,  R a n d le  &  S m ith ,
1958), t h e  c o n v e r s io n  o f  th e  a m in o - a c id  t o  p r o l in e  (B e lla m y , H u g g in s  &  
S m ith ,  1963) a n d  th e  e n z y m e s  r e s p o n s ib le  f o r  th e  d e h y d r o g e n a t io n  a n d  
d e c a r b o x y la t io n  o f  g lu ta m a te  ( G o u ld ,  H u g g in s  &  S m ith ,  1963). A n  
i m p o r t a n t  p a th w a y  f o r  g lu ta m a te  m e ta b o l i s m  is  c o n tr o l l e d  b y  th e  a m in o 
t r a n s f e r a s e s .  T h e s e  e n z y m e s  c a ta ly s e  th e  i n te r a c t io n  o f  a m in o -  a n d  
a - o x o -a c id s  l e a d in g  to  th e  in te r c o n v e r s io n  o f  m a n y  a m in o -a c id s .  G lu t 
a m a te  a p p e a r s  t o  b e  a  k e y  a m in o - a c id ,  a c t in g  a s  a  d o n o r  o f  a m in o - g r o u p s  
f o r  th e  a - o x o -a c id s  c o r r e s p o n d in g  t o  a  n u m b e r  o f  o th e r  a m in o -a c id s .  
S a lic y la te  i n h ib k s  a la n in e  a n d  a s p a r t a te  a m in o t r a n s f e r a s e  a c t iv it ie s  i n  r a t  
s e r u m  a n d  in  e x tr a c ts  o f  r a t  t is s u e s  (H u g g in s ,  S m i th  &  M o s e s ,  1 9 6 1 ; 
Y o s h id a ,  M e tc c f f  &  K a is e r ,  1961). T h e s e  p a r t i c u l a r  e n z y m e  a c t iv it ie s  
h a v e  b e e n  th e  m o s t  in te n s iv e ly  s tu d ie d  b u t  th e  w o r k  o f  C a m m a r a t a  &  
C o h e n  (1 9 5 0 ), A w a p a r a  &  S e a le  (1 9 5 2 ) a n d  R o w s e l l  (1 9 5 6 ) s h o w e d  t h a t  
m u l t ip le  a m in o t r a n s f e r a s e  a c t iv it ie s ,  in v o lv in g  g lu ta m a te  a s  o n e  o f  th e  
r e a c ta n t s ,  o c c u r  in  m a m m a l ia n  t is s u e s .  T h e  p u r p o s e  o f  t h e  p r e s e n t  w o r k  
w a s  t o  s tu d y  th e  d i s t r ib u t io n  o f  th e s e  a m in o t r a n s fe r a s e s  in  fiv e  r a t  t is s u e s  
a n d  t o  in v e s t ig a te  th e  e ffe c t o f  s a l ic y la te  o n  th e i r  a c t iv it ie s .

Experimental
MATERIALS

y - A m in o b u ty r ic  a c id ,  L -o rn ith in e  h y d r o c h lo r id e  a n d  g lu ta m a te  d e c a r b 
o x y la s e  ( a c e to n e  d r ie d  p o w d e r  o f  E scherich ia  coli) w e re  o b ta in e d  f r o m  
th e  S ig m a  C h e m ic a l  C o .,  S t. L o u is ,  M o . ,  U .S .A .  T h e  o th e r  L -a m in o -  
a c id s  a n d  g ly c in e  w e re  o b ta in e d  f r o m  B .D .H .  L t d . ; th e  p y r id o x a l  p h o s 
p h a te  f r o m  L . L ig h t  &  C o . ,  L td .  a n d  a ll  o th e r  c h e m ic a ls  w e re  o f  a n a ly t ic a l  
g ra d e .

F ro m  the  A rth ritis  and  R heum atism  C ouncil R esearch U nit, K ing’s College 
H ospital M edical School, D en m ark  H ill, L ondon , S.E.5.

* Sm ith  an d  N ephew  R esearch Fellow.
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RAT TISSUE PREPARATIONS
W is ta r  r a t s ,  w e ig h in g  b e tw e e n  2 0 0  a n d  3 0 0  g , m a in ta in e d  o n  M .R .C .  

c u b e  d ie t  N o .  4 1 , w e re  k i l le d  b y  c e rv ic a l  f r a c tu r e .  T h e  fiv e  t is s u e s ,  l iv e r ,  
k id n e y ,  b r a in ,  h e a r t  a n d  s k e le ta l  m u sc le  (q u a d r ic e p s  fe m o r is )  f r o m  1 0  

a n im a ls ,  w e re  r e m o v e d  a n d  th e  b u lk e d  sp e c im e n s  o f  e a c h  w h o le  t is s u e  
h o m o g e n is e d  in  tw ic e  t h e i r  w e ig h t  o f  ic e -c o ld  d is t i l le d  w a te r ,  u s in g  a  
W a r in g  b l e n d o r  fo l lo w e d  b y  a  P o t t e r  h o m o g e n is e r .  T h e  w a te r  h o m o 
g e n a te s  w e re  d ia ly s e d  f o r  48  h r  a t  2 °  a g a in s t  d is t i l le d  w a te r  a n d  f in a lly  
f r e e z e -d r ie d .  E a c h  b a tc h  o f  f r e e z e -d r ie d  p r e p a r a t i o n s  su ff ic ed  f o r  th e  
in v e s t ig a t io n  o f  s ix  d i f fe re n t  a m in o t r a n s fe r a s e  a c t iv it ie s .  L a r g e r  s a m p le s ,  
p r e p a r e d  f r o m  m o r e  a n im a ls ,  w e re  n o t  u s e d  b e c a u s e  i t  h a s  b e e n  s h o w n  
( C a m m a r a t a  &  C o h e n ,  1950) t h a t  th e  e n z y m e  a c t iv it ie s  d e c re a s e  o n  
s to ra g e .  B e fo re  u s e  th e  f r e e z e -d r ie d  p r e p a r a t i o n s  w e re  h o m o g e n is e d  in  
th e  a p p r o p r i a te  m e d ia  w i th  a  P o t t e r  h o m o g e n is e r .

M ea su rem en t o f  am ino transferase  activ ities . A ll  s o lu t io n s  w e re  p r e 
p a r e d  in  0 T  m  p o ta s s iu m  p h o s p h a te  b u f fe r ,  p H  8-0 R e a c t io n  m ix tu re s  
(0-5  m l)  c o n ta in in g  th e  f r e e z e -d r ie d  p r e p a r a t i o n  (5 m g ) a n d  p y r id o x a l  
p h o s p h a te  (5 0  /xg) w e re  in c u b a te d  f o r  15 m in  a t  0 °  b e f o re  b e in g  a d d e d  to  
0 - 5  m l  o f  b u f f e r  c o n ta in in g  2 0  /¿m o le s  o f  a - o x o g lu ta r a te ,  2 0  /¿m o le s  o f  th e  
a p p r o p r i a te  a m in o - a c id  a n d  s a l ic y la te ,  w h e n  p r e s e n t ,  t o  g iv e  a  f in a l 
c o n c e n t r a t io n  o f  10 mM. T h e  m ix tu r e s  w e re  in c u b a te d  in  s to p p e r e d  tu b e s  
a t  37° f o r  4  h r  w i th  c o n s t a n t  s h a k in g  a n d  th e  r e a c t io n  w a s  s to p p e d  b y  
p la c in g  th e  tu b e s  in  b o i l in g  w a te r  f o r  3 m in . I f  n e c e s s a ry ,  th e  tu b e s  w e re  
s to r e d  a t  — 15° b e f o re  a n a ly s is .

T h e  g lu ta m a te  f o r m e d  w a s  m e a s u r e d  a s  C 0 2  a f te r  r e a c t io n  w i th  g lu ta 
m a te  d e c a rb o x y la s e .  E a c h  s a m p le  w a s  m ix e d  w i th  b u f fe r  a n d  th e  
e n z y m e  a n d  th e  e v o lv e d  C O a a u to m a t ic a l ly  e s t im a te d .  T h e  w h o le  
p r o c e s s  w a s  c a r r i e d  o u t  w i th  a  T e c h n ic o n  A u to a n a ly s e r  (T e c h n ic o n  
I n s t r u m e n t  C o . ,  L o n d o n )  w h ic h  p e r m i t te d  c o n t in u o u s  a n a ly se s .  T h e  
m e :h o d  w a s  t e s te d  b y  a n a ly s in g  f o u r  s a m p le s  o f  e a c h  o f  a  se r ie s  o f  g lu ta 
m a te  s o lu t io n s  o f  k n o w n  c o n c e n t r a t io n ,  r a n g in g  f r o m  0 -2 - 1 0  /¿ m o le s /m l. 
T h e  s t a n d a r d  d e v ia t io n  f r o m  th e  m e a n  o f  th e  r e s u l ts  a t  e a c h  c o n c e n t r a t io n  
o f  a m in o - a c id  w a s  le s s  t h a n  2 %  o f  th e  t o t a l  g lu ta m a te  p r e s e n t .  A  
m in im u m  o f  f o u r  d e te r m in a t io n s  w e re  m a d e  f o r  e a c h  a m in o t r a n s fe r a s e  
a c t iv i ty  m e a s u r e d  w i th  o r  w i th o u t  s a l ic y la te  p r e s e n t .  T h e  p o s s ib i l i ty  t h a t  
th e  c o n s t i tu e n ts  o f  th e  r e a c t io n  m ix tu re s  m a y  h a v e  in te r f e r e d  w i th  th e  
f in a l  c o lo u r  d e v e lo p m e n t  w a s  e x c lu d e d  b y  a n a ly s in g  a p p r o p r i a te  m ix tu re s  
in  w h ic h  th e  v a r io u s  c o n s t i tu e n ts  w e re  a d d e d  to  k n o w n  c o n c e n t r a t io n s  o f  
g  b r a m a te .  A l th o u g h  s a l ic y la te  in h ib i t s  g lu ta m a te  d e c a rb o x y la s e  a c t iv ity  
( G o u ld  &  o th e r s ,  1963), th e  c o n c e n tr a t io n s  o f  th e  d r u g  in  th e  r e a c t io n  
m ix tu r e s  a f te r  d i lu t io n  w i th  th e  v a r io u s  r e a g e n ts  w e re  s u c h  t h a t  th e y  d id  
n o t  a f fe c t th e  e n z y m e  a c t iv ity .

P a p e r  c h r o m a to g r a p h ic  s e p a ra t io n s  a n d  id e n t i f ic a t io n s  o f  th e  a m in o -  
a n c  a - o x o -a c id s  w e re  m a d e  a n d  th e  t o t a l  a -o x o -a c id s ,  t o t a l  a m in o - a c id s  
a n d  a - o x o g lu ta r a te  p lu s  g lu ta m a te  w e re  m e a s u r e d  b y  th e  m e th o d s  o f  
K r e b s  (1 9 5 0 ), R o s e n  (1 9 5 7 ) a n d  M e is te r  (1 9 5 2 ), b e f o re  a n d  a f te r  th e  
r e a c t io n s .  T h e s e  p r o c e d u r e s  w e re  m a d e  to  e n s u r e  t h a t  e a c h  a c t iv i ty  
r e s u l te d  f r o m  a  t r u e  a m in o t r a n s fe r a s e  r e a c t io n  (c f. M e is te r ,  1955).

84



SA L IC Y L A T E  A N D  A M IN O T R A N S F E R A S E S

Results
T h e  r e s u l ts  (T a b le  1) s h o w  t h a t  a m in o - g r o u p s  w e re  t r a n s f e r r e d  to  a - o x o -  

g lu ta r a t e  f r o m  19 a m in o - a c id s  i n  th e  p re s e n c e  o f  e x tr a c ts  o f  o n e  o r  m o r e  
o f  th e  fiv e  r a t  t is su e s .  T h e s e  a r e  u n e q u iv o c a l  a m in o t r a n s f e r a s e  a c t iv it ie s  
b e c a u s e  e a c h  r e a c t io n  s y s te m  sa tis f ie s  th e  s t r ic t  c r i t e r i a  sp e c if ie d  b y  
M e is te r  (1 9 5 5 ).

L - G lu ta m in e : o c -o x o g lu ta ra te  a m in o t r a n s f e r a s e  a c t iv i ty  w a s  n o t  u n 
e q u iv o c a l ly  d e te c te d  in  b r a in ,  k id n e y  a n d  s k e le ta l  m u sc le . W ith  b r a in  
a n d  k id n e y  e x tr a c ts ,  l a r g e  a m o u n t s  o f  g lu ta m a te  w e re  f o r m e d  in  th e  
r e a c t io n  m ix tu r e s  b u t  th is  w a s  d u e  t o  th e  p re s e n c e  o f  g lu ta m in a s e  w h ic h  
h y d r o ly s e d  g lu ta m in e  to  g lu ta m a te .  T h is  r e a c t io n  o b s c u r e d  a n y  a m in o 
t r a n s f e r a s e  a c t iv i ty  w h ic h  m a y  h a v e  b e e n  p r e s e n t .  T h r e e  o th e r  L -a m in o  
a c id s  s tu d ie d ,  ly s in e , c y s t in e  a n d  ty r o s in e ,  r e a c te d  w i th  th e  g lu ta m a te  
d e c a r b o x y la s e  p r e p a r a t i o n  u s e d  f o r  th e  e s t im a t io n  o f  th e  g lu ta m a te .  I t  
w a s  t h e r e f o r e  n o t  p o s s ib le  t o  d e te r m in e  i f  a m in o t r a n s fe r a s e  a c t iv it ie s  
in v o lv in g  th e m  a n d  o c -o x o g lu ta ra te  o c c u r  in  th e  r a t  t is su e s . N o  d e te c ta b le  
r e a c t io n  b e tw e e n  a s p a ra g in e  a n d  a - o x o g lu t a r a t e  w a s  f o u n d .

T a b le  1 a ls o  sh o w s  t h a t  10 mM  s a lic y la te ,  w i th  o n e  e x c e p tio n ,  s ig n ifi
c a n t ly  in h ib i t s  e a c h  a m in o t r a n s f e r a s e  a c t iv i ty  in  a t  le a s t  o n e  t is su e . T h e r e  
a p p e a r e d  to  b e  n o  c o r r e la t io n  b e tw e e n  th e  d e g re e  o f  in h ib i t io n  a n d  o th e r  
f a c to r s  s u c h  a s  th e  t is s u e ,  th e  r e la t iv e  a c t iv i ty  o f  th e  a m in o t r a n s f e r a s e  o r  
th e  c h e m ic a l  ty p e  o f  th e  a m in o - a c id  r e a c t in g  w i th  th e  a - o x o g lu ta r a te .  T h e  
e x c e p tio n  to  th is  g e n e ra l  in h ib i to r y  e ffe c t o f  s a l ic y la te  w a s  th e  a m in o 
t r a n s f e r a s e  c a ta ly s in g  th e  r e a c t io n  b e tw e e n  L - t r y p to p h a n  a n d  th e  a - o x o -  
g lu ta r a te .  T h e  e n z y m e  w a s  d e te c te d  in  l iv e r ,  k id n e y  a n d  h e a r t  a n d  in  
e a c h  in s ta n c e  i ts  a c t iv i ty  w a s  in c r e a s e d  in  th e  p re s e n c e  o f  s a l ic y la te ; th is  
e ffe c t w a s  s ta t i s t ic a l ly  s ig n if ic a n t  f o r  th e  l iv e r  a n d  h e a r t .

Discussion
The present results confirm and extend the earlier work o f  Awapara & 

Seale (1 9 5 2 ) and o f  Rowsell (1 9 5 6 ) in showing that rat tissues possess 
multiple aminotransferase activities involving glutamate as one o f  the 
substrates. Awapara & Seale (1 9 5 2 ) used unwashed w hole hom ogenates 
prepared from  eight rat organs and reported the presence o f  am ino
transferase activities involving a-oxoglutarate and the follow ing am ino- 
acids: L-aspartate, L-alanine, L-leucine, L-methionine, L-proline, DL-iso- 
leucine, DL-valine, DL-phenylalanine, DL-threonine and glycine. Rowsell
(1 9 5 6 ) considered that the use o f  such hom ogenates, while providing  
inform ation about overall am ino transfers, was not satisfactory for the 
recognition o f  individual aminotransferase reactions because o f  the 
presence o f  endogenous am ino- and a-oxo-acids in  fresh tissues. This 
author used washed particles o f  rat kidney and liver and reported the 
presence o f  aminotransferases catalysing the reaction between a-oxo
glutarate and the follow ing am ino-acids: L-phenylalanine, L-tyrosine, 
L-tryptophan, L-leucine, L-valine, L-methionine, L-alanine, L-aspartate, 
DL-norleucine and DL-isoleucine. The present work used lyophilised
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SALICYLATE AND AMINOTRANSFERASES

p r e p a r a t i o n s  f r o m  fiv e  r a t  t is s u e s  a n d  sh o w s  t h a t  s e v e n te e n  L -a m in o -a c id s  
a s  w e ll a s  g ly c in e  a n d  y - a m in o b u ty r a te ,  p a r t i c ip a te  in  a m in o t r a n s fe r a s e  
r e a c t io n s  w i th  a - o x o g lu ta r a te .  T h e r e  is  th e r e f o r e  a b u n d a n t  e v id e n c e  t h a t  
a m in o t r a n s f e r a s e  r e a c t io n s  in v o lv in g  g lu ta m a te ,  a r e  w id e ly  d i s t r ib u te d  in  
r a t  t is su e s . T h e  m u lt ip l ic i ty  o f  th e s e  r e a c t io n s  a n d  th e  re la t iv e ly  h ig h  
a c t iv i ty  o f  m a n y  o f  th e  e n z y m e s  s h o w  t h a t  th e  a m in o t r a n s fe r a s e s  p l a y  a n  
im p o r t a n t  ro le  in  th e  m e ta b o l i s m  o f  g lu ta m a te  a n d  o f  m a n y  o th e r  a m in o -  
a c id s  in vivo.

S a l ic y la te  p o s s e s se s  a  g e n e ra l  i n h ib i to r y  e ffe c t o n  th e  r a t  t is s u e  a m in o 
t r a n s f e r a s e s .  T h e  s a l ic y la te  c o n c e n t r a t io n  (1 0  m M ) u s e d  w a s  h ig h  b u t  
in h ib i t io n s  o f  5 0 %  o r  m o r e  w e re  f r e q u e n t ly  o b s e rv e d  (T a b le  1) a n d  
in h ib i t io n  c o u ld  o c c u r  in vivo  w i th  th e  lo w e r  s a l ic y la te  c o n c e n tr a t io n s  
(2  t o  3 m M ) a t t a in e d  a n d  m a in ta in e d  d u r in g  th e  th e r a p y  o f  r h e u m a tic  
d is o r d e r s  in  m a n .  I t  is  a ls o  r e le v a n t  t h a t  th e  m e c h a n is m  o f  i n h ib i t io n  
m a y  in v o lv e  c o m p e t i t io n  w i th  th e  a - o x o -a c id  a n d  a m in o - a c id  s u b s tr a te s  
s in c e  th is  h a s  b e e n  s h o w n  to  b e  so  f o r  th e  i n h ib i to r y  a c t io n  o f  th e  d r u g  o n  
a la n in e  a n d  a s p a r t a te  a m in o t r a n s fe r a s e s  in v itro  ( G o u ld ,  1964). I f  th is  
m e c h a n is m  o f  i n h ib i t io n  is  o p e r a t iv e  f o r  th e  o th e r  a m in o t r a n s fe r a s e s  th e n  
th e  d e g re e  o f  in h ib i t io n  w o u ld  n o t  d e p e n d  so le ly  o n  th e  s a l ic y la te  c o n 
c e n t r a t i o n  r e a c h e d  in  th e  t is s u e s ,  b u t  a ls o  o n  th e  e n d o g e n o u s  c o n c e n t r a 
t io n s  o f  th e  r e a c ta n t s  o f  th e  a m in o t r a n s fe r a s e .  S a lic y la te  c o u ld  th e r e f o r e  
p r o d u c e  w id e s p r e a d  a n d  a ls o  d if f e re n tia l  i n h ib i to r y  a c t io n s  o n  a m in o 
t r a n s f e r a s e  r e a c t io n s  in vivo  d e p e n d in g  o n  th e  p a r t i c u l a r  t is s u e  sa l ic y la te  
c o n c e n t r a t io n  a n d  o n  th e  a m o u n t s  o f  a - o x o -  a n d  a m in o - a c id s  p r e s e n t  in  
in d iv id u a l  t is s u e s .  T h is  s h o u ld  i n  t u r n  a ffe c t  t h e  in te r c o n v e r s io n  o f  m a n y  
a m in o - a c id s  a n d  a l t e r  th e  p o o l  s izes  o f  th e  t is s u e  a m in o -a c id s .  T h e r e  is 
s o m e  e x p e r im e n ta l  e v id e n c e  s u p p o r t in g  th is  h y p o th e s is  b e c a u s e  Y o s h id a ,  
M e tc o f f  &  K a is e r  (1 9 6 1 ) a n d  H u g g in s  &  S m ith  (1 9 6 3 ) f o u n d  t h a t  th e  
in je c t io n  o f  s a l ic y la te  in  th e  i n ta c t  r a t  c a u s e d  c h a n g e s  in  th e  lev e ls  o f  
g lu ta m a te  a n d  a la n in e  in  th e  l iv e r  a n d  b r a in .  A  f u r th e r  im p l ic a t io n  o f  
th e s e  e ffe c ts  is  t h a t  th e r e  m a y  b e  a b n o r m a l  p e p t id e  a n d  p r o t e in  s y n th e s is  
d u e  t o  e i th e r  a  r e la t iv e  d e f ic ie n c y  o r  e x ce ss  o f  o n e  o r  m o r e  o f  th e  p a r e n t  
a m in o -a c id s .

T h e  o n ly  e x c e p tio n  t o  th e  g e n e ra l  in h ib i to r y  a c t io n  o f  s a l ic y la te  o n  
a m in o t r a n s fe r a s e s  f o u n d  d u r in g  th e  p r e s e n t  w o r k  w a s  th e  e n z y m e  c a ta ly s 
in g  th e  r e a c t io n  b e tw e e n  L - t r y p to p h a n  a n d  a - o x o g lu ta r a te .  S a l ic y la te  
in c r e a s e d  th e  a c t iv i ty  o f  th is  e n z y m e  in  th e  t h r e e  r a t  t is s u e s  ( l iv e r , k id n e y  
a n d  h e a r t )  w h e re  i t  o c c u r r e d .  T h e  m e c h a n is m  o f  th is  e ffe c t o f  th e  d r u g  
r e m a in s  t o  b e  e s ta b l is h e d .

A ckn o w led g em en t.  W e  w is h  to  t h a n k  M o n s a n to  C h e m ic a ls  L td .  f o r  a  
g r a n t  t o w a r d s  th e  c o s t  o f  th e  w o rk .
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The structure of rubreserine, a decomposition 
product of physostigmine*
B. R O B IN SO N

C onfirm ation  o f  the  structure  o f rubreserine as the  resonance hybrid  (I)<----- ) ) )  (II)
has been ob tained  by com parison  of its ultravio let, infrared , and  p ro to n  m agnetic 
resonance spectra w ith those of adrenochrom e (III)*-----) ) )  (IV).

R U B R E S E R I N E ,  th e  r e d  o x id a t io n  p r o d u c t  o f  p h y s o s t ig m in e ,  h a s  
b e e n  a s s ig n e d  s t r u c tu r e  ( I I )  (C o y n e  &  P a te r s o n ,  1961). B y  c o m 

p a r in g  th e  u l t r a v io le t ,  i n f r a r e d  a n d  n u c le a r  m a g n e t ic  r e s o n a n c e  s p e c tr a  
f o r  a d r e n o c h r o m e ,  k n o w n  t o  h a v e  th e  r e s o n a n c e  h y b r id  s t r u c tu r e
( I I I )  <— ) ) )  ( IV ) i n  w h ic h  th e  z w i t te r io n ic  m e s o m e r ic  s t r u c tu r e  (IV ) 
m a k e s  th e  m a jo r  c o n t r ib u t io n  ( H a r le y - M a s o n ,  1948), w i th  th e  c o r re s 
p o n d in g  s p e c tr a  o f  r u b r e s e r in e ,  s u p p o r t  f o r  th e  r e s o n a n c e  h y b r id  s t r u c tu r e  
( I )  *— » >  ( I I )  f o r  r u b r e s e r in e  h a s  n o w  b e e n  o b ta in e d .

U ltrav io le t-v isib le  spectra . A  c o m p a r is o n  o f  th e  s p e c tr u m  o f  r u b r e 
s e r in e  (C o y n e  &  P a te r s o n ,  1961) a n d  a d r e n o c h r o m e  (B e a u d e t ,  1951 ; 
B e a u d e t ,  D e b o t ,  L a m b o t  &  T o u s s a in t ,  1 9 5 1 ; M a r q u a r d t  &  C a r l ,  1 9 5 2 ; 
S a b o tk a  &  A u s t in ,  1951), b o t h  r e c o r d e d  q u a n t i ta t iv e ly ,  sh o w s  t h a t  th e  
tw o  s p e c tr a  a r e  a lm o s t  s u p e r im p o s a b le ,  th u s  su g g e s t in g  t h a t  th e  s a m e  
c h r o m o p h o r e  is p r e s e n t  in  b o t h  m o le c u le s .

In fra re d  spectra . B o th  c o m p o u n d s  s h o w  s im ila r  s p e c tr a  ( r e c o r d e d  in  
N u jo l )  in  th e  1 7 0 0 -1 5 5 0  c m - 1  r e g io n . R u b r e s e r in e ,  vmax 1671 m , 1651 m  
( s h o u ld e r ) ,  1628 m  ( s h o u ld e r ) ,  1614  m  ( s h o u ld e r )  a n d  16 0 0  s c m - 1 . 
A d r e n o c h r o m e ,  vmax 1671 m , 1661 m , 1635 w , 1616 m  a n d  1590  s c m - 1  

( a ll  f r e q u e n c y  m e a s u r e m e n ts  a r e  ± 3  c m -1 ). F o r  a d r e n o c h r o m e ,  a s s ig n 
m e n ts  in v o lv in g  C = 0 ,  C — O , C = C  a n d  C = N  s t r e tc h in g  h a v e  b e e n  
g iv e n  t o  th e s e  a b s o r p t io n  b a n d s  ( H e a c o c k  &  M a h a n ,  1958). T h e

F ro m  the  D ep artm en t o f  Pharm acy, T he U niversity, M anchester, 13.
* F o r  the  preceding paper in  this series see R o b inson  & Spiteller (1964).
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B. R O B IN SO N

s p e c t r u m  o f  a d r e n o c h r o m e  h a d  a  b r o a d  a b s o r p t io n  b a n d  a t  3 2 8 0  ±  10 c m - 1  

(m ) (O — H  s tre tc h in g )  b u t  t h a t  o f  ru b r e s e r in e ,  w h ic h  h a d  b e e n  k e p t  in 
vacuo  o v e r  p h o s p h o r u s  p e n to x id e  f o r  2 4  h r  b e f o re  r e c o r d in g  th e  s p e c tr u m , 
s h o w e d  n o  a b s o r p t io n  in  th e  4 0 0 0 -3 1 0 0  c m - 1  r e g io n ,  c o n t r a r y  t o  p r e v io u s  
o b s e r v a t io n s  (C o y n e  &  P a te r s o n ,  1961).

P ro ton  m a gnetic  resonance spectra . T h e  s p e c tr u m  o f  r u b r e s e r in e  in  
d e u te r o c h lo r o f o r m  h a d  s in g le ts  a t  r  =  8-50, 7 -30 , 6-90  a n d  5-64, w i th  
in te n s i t ie s  3, 3, 3 a n d  1 re sp e c tiv e ly , w h ic h  a r e  a s s ig n e d  a n d  c o m p a r e d  
w i th  th e  c o r r e s p o n d in g  p r o to n s  in  p h y s o s t ig m in e  ( R o b in s o n .  1964) in  
T a b le  1. T h e  p r o to n s  o f  th e  tw o  m e th y le n e  g r o u p s  in  r u b r e s e r in e  f o r m  
a n  A B X Y  sy s te m , a s  d o  th e  c o r r e s p o n d in g  p r o to n s  in  p h y s o s t ig m in e

TABLE 1. PROTON MAGNETIC RESONANCE DATA

Rubreserine
Intensity Multiplicity Assignment

Physostigmine

3-68
3-52*

1 Singlet Ha
4-56
4-64*

1 Singlet Hb
5-64 1 Singlet Hc 5-77
6-90 3 Singlet Hd 7-00
7-30 3 Singlet He 7-36

6  83-7-24 2 Multiplet half of 
ABXY system

Hf 7-01-7-30

7-78-807 2 Multiplet half of 
ABXY system Hg 7-81-809

8-50 3 Singlet Hi 8-53

* Solvent : dimethyl sulphoxide.

( R o b in s o n ,  1964), w h ic h  g iv e  r is e  t o  tw o  m u lt ip le t s ,  e a c h  o f  in te n s i ty  2 , 
th e s e  a r e  a ls o  c o m p a r e d  w ith  th o s e  f o r  p h y s o s t ig m in e  a n d  a s s ig n e d  
in  T a b le  1. T h e  r e m a in in g  tw o  p r o to n s  o f  r u b r e s e r in e  g iv e  r ise  t o  tw o  
s in g le ts , e a c h  o f  in te n s i ty  1, a t  r  =  4 -56  a n d  3-68. T o  c o m p a r e  th e s e  
l a t t e r  tw o  r  v a lu e s  w i th  th o s e  o f  th e  c o r r e s p o n d in g  p r o to n s  in  a d r e n o 
c h r o m e  i t  w a s  n e c e s s a ry  t o  r e c o r d  th e  s p e c tr a  in  d im e th y l  s u lp h o x id e ,  
s in c e  a d r e n o c h r o m e  is  o n ly  s l ig h tly  s o lu b le  in  d e u te r o c h lo r o f o r m .  I n  
th is  s o lv e n t  th e  tw o  p r o to n s  g iv e  r is e  t o  s in g le ts  o f  e q u a l  in te n s i t ie s  a t  
r  =  4 -6 4  a n d  3 -52 , th e  c o r r e s p o n d in g  tw o  p r o to n s  o f  a d r e n o c h r o m e  
g iv in g  r is e  t o  s in g le ts  o f  e q u a l  in te n s i t ie s  a t  r  =  4-53 a n d  3-50.

Experimental
P r o to n  m a g n e t ic  r e s o n a n c e  s p e c tr a  w e re  r e c o r d e d  o n  a  V a r ia n  A .6 0  

s p e c tr o m e te r  o p e r a t in g  a t  6 0  M c /s e c ;  te t r a m e th y ls i la n e  w a s  u s e d  a s  
i n te r n a l  s t a n d a r d  a n d  in te n s i t ie s  w e re  m e a s u r e d  u s in g  a  p la n im e te r .  
I n f r a r e d  s p e c tr a  w e re  r e c o r d e d  o n  a  U n ic a m  S P .2 0 0  s p e c tr o p h o to m e te r .

A drenochrom e  ( I I I )  ■*— » >  (IV ). T h is  w a s  p r e p a r e d  b y  o x id a t io n  o f  
a d r e n a l in e  w i th  s ilv e r  o x id e  b y  o n e  o f  th e  m e th o d s  d e s c r ib e d  in  th e  
l i t e r a tu r e  ( S a b o tk a  &  A u s t in ,  1951) [see a ls o  (H e a c o c k ,  N e r e n b e r g  &  
P a y z a ,  1958)].
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STRUCTURE OF RUBRESERINE

R ubreserine  ( I )  <— » >  ( I I ) .  P h y s o s t ig m in e  (1 -00  g ) w a s  a d d e d  to  5%  
a q u e o u s  s o d iu m  h y d r o x id e  s o lu t io n  (7 0  m l)  in  a  2 5 0 -m l s e p a ra t in g  
fu n n e l .  A f te r  s h a k in g  g e n tly  f o r  10 m in  s o m e  o f  th e  p h y s o s t ig m in e  s till  
r e m a in e d  u n d is s c lv e d  a n d  a  d e e p - r e d  c o lo u r  h a d  d e v e lo p e d  in  th e  a lk a l in e  
s o lu t io n .  C h lo r o f o r m  (7 0  m l)  w a s  t h e n  a d d e d  ( im m e d ia te ly  th e  r e 
m a in in g  so lid  p h y s o s t ig m in e  d is so lv e d ) . A f te r  s h a k in g  f o r  a  f u r th e r  
5 m in ,  th e  d e e p - r e d  c h lo r o f o r m  la y e r  w a s  s e p a r a te d  o f f ;  th e  b a s ic  la y e r  
w a s  th e n  s h a k e n  w i th  f u r th e r  q u a n t i t ie s  o f  c h lo r o f o r m  (2  X 7 0  m l)  a n d  
th e  c o m b in e d  d e e p - r e d  c h lo r o f o r m  e x tr a c ts  w e re  e v a p o r a te d  u n d e r  
v a c u u m  a t  r o o m  t e m p e r a tu r e  t o  a b o u t  5 m l. C a r e f u l  a d d i t i o n  o f  l ig h t  
p e t r o le u m  ( b .p .  4 0 -6 0 ° )  (1 5 -2 0  m l)  d ro p w is e  w i th  s h a k in g  th e n  e ffe c te d  
th e  c ry s ta l l is a t io n  o f  r u b r e s e r in e  a s  b r ig h t - r e d  n e e d le s  (1 6 4 -7  m g ;  12-5% ), 
w h ic h  a f te r  s t a n d in g  o v e r  P 2 0 5  u n d e r  v a c u u m  f o r  2 4  h r  h a d  m .p .  142— 
145° ( r e p o r te d  m .p . 1 4 4 -1 4 5 ° , E llis ,  1 9 4 3 ; 1 4 5 -1 4 6 ° , C o y n e  &  P a te r s o n ,  
1961). O n e  r e c r y s ta l l i s a t io n  f r o m  c h lo r o f o r m / l ig h t  p e tr o le u m  (4 0 -6 0 ° )  
fo l lo w e d  b y  d r y in g  a s  a b o v e ,  g a v e  b r ig h t- r e d  n e e d le s ,  m .p .  1 4 5 -1 4 6 ° .
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H is ta m in e  g a s tr ic  u lc e r a t io n  in  th e  g u in e a -p ig .
S o m e  o b s e r v a t io n s  o n  a  n e w  m e th o d

W. A N D E R S O N  A N D  P. D . SO M A N

C onsistent gastric ulceration  can  be produced  in suitable strains o f  guinea-pig, after 
high duodenal ligation under pen tobarb itone  anaesthesia, by the subcutaneous 
injection o f a  relatively low dose of aqueous h istam ine acid phosphate. The ulcera
tion  coincides with a dose of h istam ine which produces sub-m axim al secretion volum e 
and which is g reater than  th a t producing  the m axim um  secretion. The m ethod does 
no t require an tih istam ine cover, and  it is show n th a t antih istam ines m ay com plicate 
the true h istam ine response by the stom ach. The results provide evidence th a t this 
type of u lceration  follows the action  o f gastric ju ice on  a functionally  im paired 
m ucosa.

S I N C E  C o d e  a n d  h is  c o lle a g u e s  ( C o d e  &  V a r c o ,  1940 , H a y ,  V a rc o , 
C o d e  &  W a n g e n s te e n ,  1942) f i r s t  s tu d ie d  th e  u s e  o f  a  lo n g - a c t in g  n o n -  

a q u e o u s  in t r a m u s c u la r  in je c t io n  o f  a  s u s p e n s io n  o f  h is ta m in e  d i h y d r o 
c h lo r id e  a s  a n  u lc e ro g e n ic  a g e n t ,  s e v e ra l  w o r k e r s  (C ra n e ,  1 9 4 7 ; A m b r u s ,  
1951, 1 9 5 3 ; H a r r i s o n ,  1955) u s in g  o i ly  s u s p e n s io n s  o f  h is ta m in e ,  h a v e  
u s e d  th e  g u in e a -p ig  in  th is  ty p e  o f  e x p e r im e n t  f o r  s tu d ie s  in  p e p tic  u lc e r a 
t io n .  T h e  a n im a l  is  s e n s i t iv e  t o  h is ta m in e  w h ic h  in d u c e s  a  c o p io u s  
g a s t r ic  s e c re t io n  r e a d i ly  o b ta in a b le  b y  s to m a c h  tu b e  w i th o u t  su rg e ry  
( W a t t ,  1 9 5 5 ); a n d  i t  is  p o s s ib le  t o  p r o d u c e  u lc e r a t io n  w i th o u t  c a u s in g  
d e a th .

H a lp e r n  &  M a r t in  (1 9 4 6 ) a n d  Z a id i  &  M u k e r j i  (1 9 5 8 ) o n  th e  o th e r  h a n d ,  
u s e d  a  r e la tiv e ly  la r g e  d o s e  o f  th e  f a s te r - a c t in g  a q u e o u s  s o lu t io n  o f  h i s t a 
m in e  h y d r o c h lo r id e  g iv e n  in t r a p e r i to n e a l ly ,  a t  th e  s a m e  t im e  p r o te c t in g  
th e  a n im a ls  w i th  th e  a n t ih is ta m in e  p r o m e th a z in e  g iv e n  b y  th e  s a m e  ro u te .

B o th  m e th o d s  h a v e  l im i t a t i o n s : th e y  n o r m a l ly  r e q u ir e  th e  u se  o f  h ig h  
d o s e s  o f  h is ta m in e  w h ic h  n e c e s s i ta te  p r o te c t io n  o f  th e  a n im a ls  e i th e r  by- 
d e la y in g  th e  re le a s e  r a te  b y  u s in g  a  w a x -o il  b a s e  o r  b y  c o n c u r r e n t  u s e  o f  
a n t ih i s t a m in e  d ru g s  o r  b o th .  A n t ih is ta m in e s  m a y  m o d ify  th e  g a s t r ic  
e ffe c ts  o f  h is ta m in e  to  s o m e  e x te n t ,  a l th o u g h  i t  h a s  b e e n  w id e ly  a s s u m e d  
th a t  th e  u lc e ra t iv e  a n d  s e c re to ry  e ffe c ts  o f  h is ta m in e  o n  th e  s to m a c h  a re ,  
in  g e n e ra l ,  u n im p a i r e d ,  th e  d ru g s  m e re ly  e l im in a t in g  th e  f a ta l  sy s te m ic  
e ffe c ts  o f  h is ta m in e  o th e rw is e  l ia b le  to  o c c u r  w i th  su c h  d o sa g e .

T h e  S h a y  m e th o d  (S h a y , K o m a r o v ,  F e ls ,  M e r a n z e ,  G r u e n s te in  &  
S ip le t ,  1945), w h ic h  u se s  th e  r a t ,  is  b a s e d  o n  th e  f a c t  t h a t  g a s t r ic  ju ic e  
r e ta in e d  in  th e  s to m a c h  a s  a  r e s u l t  o f  p y lo r ic  l ig a t io n  is  a  p r in c ip a l  a e t io -  
lo g ic a l  f a c to r  in  th is  ty p e  o f  e x p e r im e n ta l  g a s t r ic  u lc e r a t io n .  T h e s e  
a u th o r s  s ta te d  t h a t  g a s t r ic  u lc e r s  m a y  a ls o  b e  p r o d u c e d  in  th e  g u in e a -p ig  
b y  th e  m e th o d  d e s c r ib e d  f o r  th e  r a t .  H o w e v e r ,  e x p e r im e n ta l  d e ta i ls  f o r  
th e  g u in e a -p ig  w e re  n o t  g iv e n  a n d  f u r th e r m o r e ,  th e  m e th o d  f o r  th e  r a t  
r e q u ir e d  a b o u t  18 h r  o f  u n a n a e s th e t iz e d  l ig a t io n .  I n  th e  m e th o d  to  b e  
d e s c r ib e d  w e  h a v e  u s e d  th e  g u in e a -p ig  f o r  s tu d y in g  e x p e r im e n ta l  p e p tic  
u lc e r a t io n .  T h is  is p r o d u c e d  b y  h ig h  d u o d e n a l  l ig a t io n  w ith  s u b c u ta n e o u s  
in je c t io n  o f  a q u e o u s  h is ta m in e  a c id  p h o s p h a te  in  a  d o s e  s m a ll  e n o u g h  o f

F rom  the  D epartm en t o f  Pharm acy, U niversity o f S trathclyde, G lasgow, C .l.
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i t s e l f  t o  p e r m i t  in d e f in i te  s u rv iv a l  o f  th e  a n im a l  w i th o u t  r e s o r t  t o  a n t i 
h is ta m in e s ,  w h ic h , a l th o u g h  f r e q u e n t ly  u s e d  in  th is  ty p e  o f  s tu d y , c o m 
p l ic a te  th e  p ic tu r e  o f  h is ta m in e  a c t io n  o n  th e  s to m a c h  o f  th e  g u in e a -p ig .

Experimental and results
M a le  a lb in o  g u in e a -p ig s ,  2 5 0 -7 0 0  g  b o d y  w e ig h t,  w e re  f a s te d  f o r  1 8 -2 4  

h r  in  c o n d i t io n s  p r e v e n t in g  c o p r o p h a g y ; w a te r  w a s  a l lo w e d  a d  lib. T h e y  
w e re  a n a e s th e t i s e d  b y  p e n to b a r b i to n e  s o d iu m , 30  m g /k g  in t r a p e r i to n e a l ly .  
A  s in g le  m id - l in e  a b d o m in a l  in c is io n  ( 2 -3  c m )  w a s  m a d e ,  c a re fu lly  a v o id 
in g  d a m a g in g  th e  s to m a c h  w h e n  e n te r in g  th e  p e r i to n e a l  c a v ity . T h e  
p y lo r ic  e n d  o f  th e  s to m a c h  w a s  lo c a te d  a n d  th e  d u o d e n u m  e x te r io r is e d  
w i th o u t  d i s tu r b in g  th e  s to m a c h .  A n  a r te r y  c lip  w a s  p la c e d  o n  th e  d u o 
d e n u m  a b o v e  th e  o p e n in g  o f  th e  b i le  d u c t  a v o id in g  in te r r u p t io n  o f  b lo o d  
s u p p ly .  T h is  c o n s t r ic t io n  e n s u re s  r e te n t io n  o f  th e  w h o le  g a s t r ic  s e c r e t io n ; 
i t  a ls o  p r e v e n ts  r e g u r g i t a t io n  o f  d u o d e n a l  c o n te n ts  w h ic h  m ig h t  in te r f e r e  
w i th  th e  e ffe c t o f  th e  a c id  s e c re t io n . T h e  p e r i to n e a l  c a v i ty  w a s  c lo s e d  
a r o u n d  th e  p r o t r u d in g  a r te r y  c lip .

A q u e o u s  s o lu t io n  o f  h is ta m in e  a c id  p h o s p h a te  (2 -5 -7 -5  m g /k g  d e p e n d 
in g  o n  th e  s t r a in  u s e d )  w a s  in je c te d  s u b c u ta n e o u s ly ,  th e  c o n t r o l  a n im a ls  
re c e iv in g  th e  s a m e  v o lu m e  o f  n o r m a l  s a l in e  a f t e r  u n d e r g o in g  th e  s a m e  
o p e r a t iv e  p r o c e d u r e .  T h e  a n im a ls  w e re  le f t  u n d i s tu r b e d  in  a  s u p in e  
p o s i t io n  o n  a  w a r m  t a b l e  a n d  1  h r  a f te r  th e  in je c t io n  o f  h is ta m in e  th e y  
w e re  k i l le d  w ith  e th e r .  T h e  s to m a c h  w a s  c a re fu lly  r e m o v e d  w ith  th e  c lip  
in  p o s i t io n ,  w a s h e d ,  a n d  th e  g a s t r ic  s e c re t io n  c o lle c te d ,  c e n tr ifu g e d ,  its  
v o lu m e  m e a s u r e d  a n d  f re e  a n d  t o t a l  a c id i t ie s  t i t r a te d  w ith  T o p f e r ’s 
r e a g e n t  a n d  p h e n o lp h th a le in  re sp e c tiv e ly . V o lu m e  o f  ju ic e  w a s  r e p o r te d  
a s  m l/k g  b o d y  w e ig h t.  T h e  s to m a c h  w a s  th e n  d is te n d e d  w ith  t a p  w a te r  
in je c te d  t h r o u g h  th e  c a r d ia c  o r if ic e  a n d  e x a m in e d  a g a in s t  a  g o o d  l ig h t  f o r  
u lc e r a t io n .  T h e  s e v e ri ty  o f  u lc e r a t io n  m a y  b e  g r a d e d  a c c o r d in g  to  th e  
fo l lo w in g  s c a le :  + ,  a  fe w  s m a ll  u lc e r s  (u p  to  f o u r ) ;  2 + ,  s e v e ra l  s m a ll  
u lc e r s  (five  t o  e ig h t ) ;  3 +  , m a n y  s m a l l  u lc e r s  (9 -1 6 )  a n d  a  fe w  la rg e  
u lc e r s ;  4 + ,  la r g e  a r e a s  o f  u lc e r a t io n  w ith  c o n f lu e n c e  o r  m o r e  t h a n  16 
s m a l l  u lc e r s ,  o r  im p e n d in g  p e r f o r a t io n .  A v e ra g e  g r o u p  s c o re s  w e re  
c a lc u la te d .

U lc e r s  w e re  o b s e rv e d  s in g ly , in  g r o u p s ,  o r  a s  d iffu se  u lc e r a te d  re g io n s .  
A l th o u g h  u lc e r s  a r e  f o u n d  in  th e  a n t r a l  r e g io n  a n d  le s s  f r e q u e n t ly  o n  th e  
le s s e r  c u r v a tu r e ,  th e y  u s u a l ly  a p p e a r  in  th e  f u n d ic  r e g io n  a n d  a lo n g  th e  
l in e  o f  g r e a te r  c u r v a tu r e  in d ic a t in g  t h a t  th e  g l a n d u la r  p o r t i o n  o f  th e  
s to m a c h ,  w h ic h  p o s s e s se s  th e  h ig h e s t  s e c re to ry  a c t iv ity ,  a p p e a r s  t o  b e  m o s t  
su s c e p tib le .  T w o  ty p e s  o f  u lc e r s  w e re  o b s e r v e d ; d if fu se  u lc e r a te d  r e g io n s  
a n d  s m a ll  r o u n d  p u n c h e d  o u t  a r e a s ,  b o th  ty p e s  o c c u r r in g  in  a l l  u lc e r 
b e a r in g  r e g io n s .  T h e  l a t t e r  ty p e  h a d  a  c le a n  t r a n s p a r e n t  f lo o r  s u r r o u n d e d  
b y  a  w h i t is h  l in in g  o f  m u c u s .  H a e m o r r h a g e  w a s  n o t  a  c o m m o n  fe a tu r e  
a n d  o n ly  o c c u r r e d  w h e n  u lc e r a t io n  w a s  se v e re . N o n - u lc e r a te d  r e g io n s  
o c c a s io n a l ly  s h o w e d  a  s u p e r f ic ia l ly  e r o d e d  m u c o s a  b u t  in  m o s t  in s ta n c e s ,  
th e s e  a r e a s  a n d  t is su e s  p e r ip h e r a l  t o  a n  u lc e r  w e re  a p p a r e n t ly  h e a l th y .

T h e  d o s e  o f  h is ta m in e  a c id  p h o s p h a te  (w h ic h  v a r ie d  f r o m  2 -5 -7 -5  m g /k g )  
g iv in g  a  c o n s is te n t  a v e ra g e  u lc e r  p ic tu r e  o f  3 +  to  4 +  w a s  a s c e r ta in e d  f o r
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e a c h  s t r a in  a f te r  th e  a n im a ls  h a d  b e e n  m a in ta in e d  e x c lu s iv e ly  o n  d ie t  18 
a n d  w a te r  f o r  a t  le a s t  o n e  w e e k  im m e d ia te ly  b e f o re  th e  e x p e r im e n t .  T h e  
d ie t  w a s  th e r e f o r e  r e la t iv e ly  lo w  in  a s c o rb ic  a c i d ;  n e v e r th e le s s ,  th e  
a n im a ls  a p p e a r e d  h e a l th y  a n d  s h o w e d  n o  s ig n s  o f  sc u rv y .

C o n t r o l  a n im a ls  d id  n o t  s h o w  u lc e r a t io n ,  a l th o u g h  s e c re t io n s  w e re  a c id . 
D if fe re n c e s  in  v o lu m e  a n d  in  f r e e  a n d  t o t a l  a c id i ty  b e tw e e n  c o n t r o l  a n d  
te s t  g r o u p s  w e re  s ig n if ic a n t  (T a b le  1).

W. ANDERSON AND P. D. SOMAN

TA B LE 1. HISTAMINE GASTRIC ULCERATION AND SECRETION IN DIFFERENT STRAINS 
OF GUINEA-PIG

Strain
No. of 
animals

Dose of 
histamine acid 

phosphate 
mg/kg s.c.

Average
ulceration

Average 
volume of 
secretion 
(ml/kg)

Average acidity of secretion 
(m-equiv./litre)

Free Total
P 5 2-5 1-4+ 40 114 1 20
T 6 2-5 1-6 + 35 118 131
P 12 50 3-2-1- 30 98 105
T 6 50 1-7 + 25 100 108
P 5 Control 0 15 54 63
T 7 Control 0 17 59 67

T = resistant strain; P = susceptible strain. Significance of differences between 
controls and histamine-treated: volumes P<002; acidities P = 0 001-0 05.

EFFECT OF ANAESTHETIC

P e n to b a r b i to n e  s o d iu m , 30  m g /k g  in t r a p e r i to n e a l ly ,  w a s  c h o s e n  in  
p re fe re n c e  t o  u r e th a n e  b e c a u s e  w h e n  u r e th a n e ,  1 -25 g /k g  in t r a p e r i to n e a l ly ,  
w a s  u s e d  w i th  h is ta m in e ,  2-5 m g /k g  s u b c u ta n e o u s ly ,  u lc e r a t io n  a p p e a r e d  
to  b e  m u c h  m o r e  se v e re . T h e  10 a n im a ls  g iv e n  p e n to b a r b i to n e  h a d  
a v e ra g e  u lc e r a t io n  o f  0 - 2 +  ; a v e ra g e  s e c re t io n  35  m l/k g  a n d  a v e ra g e  
a c id i ty  o f  s e c re t io n  (m -e q u iv ./ l i t r e )  f re e  109, t o t a l  117. C o r r e s p o n d in g  
f ig u re s  f o r  th e  8  a n im a ls  g iv e n  u r e th a n e  w e re  2 - 4 +  ; 3 0 ;  114 a n d  121. A n  
u lc e r - r e s is ta n t  s t r a in  w h ic h  c o n s is te n t ly  f a ile d  to  s h o w  u lc e r a t io n  w ith  2-5 
m g  k g  h is ta m in e  a c id  p h o s p h a te  w h e n  p e n to b a r b i to n e  w a s  u s e d , d id  so  
w i th  u r e th a n e ,  w i th  th e  s a m e  d o s e  o f  h is ta m in e  ( a n d  e v e n  in  th e  a b s e n c e  
o f  h is ta m in e  in  c e r ta in  p r e l im in a r y  c o n t r o l  e x p e r im e n ts ) .

STRAIN DIFFERENCE

D if fe re n c e s  in  r e s p o n s e  b y  d if fe re n t  s t r a in s  o f  g u in e a -p ig  w e re  o b s e rv e d . 
I n  th e  m o r e  s u s c e p t ib le  (P )  s t r a in ,  2-5 m g /k g  h is ta m in e  a c id  p h o s p h a te  
in c re a s e d  th e  v o lu m e  a n d  f re e  a n d  t o t a l  a c id i ty  o f  g a s t r ic  s e c re t io n s ,  a n d  
p r o d u c e d  lo w  d e g re e  o f  u lc e r a t io n ,  w h ile  a t  5-0 m g /k g  s ig n if ic a n t  in c re a s e  
in  u lc e r a t io n  a s s o c ia te d  w i th  a  s l ig h t  d e c re a s e  in  v o lu m e  a n d  a c id i ty  w a s  
o b s e rv e d  (T a b le  1). T h e  r e s i s t a n t  (T )  s t r a in  b e h a v e d  s im ila r ly  e x c e p t  
t h a t  th e  h ig h  d o s e  d id  n o t  in c re a s e  u lc e r a t io n .  T a b le  1 f u r t h e r  sh o w s  
t h a t  f o r  b o th  r e s i s ta n t  a n d  s u s c e p t ib le  s t r a in s ,  th e  v o lu m e  o f  g a s t r ic  ju ic e  
a n d  i ts  a c id i ty  a r e  n o t  m a x im a l  w h e n  th e  d o s e  o f  h is ta m in e  is  h ig h  e n o u g h  
to  c a u s e  u lc e r a t io n .

ROLE OF FREE ACID IN  STOMACH CONTENTS

I n  th e  s a m e  ty p e  o f  e x p e r im e n t  u s in g  th e  s u s c e p t ib le  (P )  s t r a in ,  a lu 
m in iu m  h y d r o x id e  g e l B .P . (2  m l)  w a s  i n t r o d u c e d  in to  th e  s to m a c h  b y
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t u b e  a f te r  l ig a t io n  o f  th e  d u o d e n u m  a n d  s u b c u ta n e o u s  in je c t io n  o f  h i s t 
a m in e  a c id  p h o s p h a te  5  m g /k g .  C o n t r o l  a n im a ls  re c e iv e d  w a te r  (2  m l) .  
A c id ity  o f  g a s t r ic  s e c re t io n  w a s  e l im in a te d ,  th e  11 a n im a ls  re c e iv in g  g e l 
h a v in g  a v e ra g e  u lc e r a t io n  o f  0 4 +  ; a v e ra g e  v o lu m e  o f  s e c re t io n  2 7  m l /k g ;  
a v e ra g e  a c id i ty  o f  s e c re t io n  (m - e q u iv ./ l i t r e )  f r e e  0 , t o t a l  0 . C o r r e s p o n d 
in g  f ig u re s  f o r  th e  5 c o n t r o l s  w e re  4 +  ; 31 ; 9 2  a n d  100.

EFFECT OF ANTIHISTAMINES

I n  a t t e m p t in g  to  in te n s ify  u lc e r a t io n  in  th e  r e s i s t a n t  (T )  s t r a in ,  a  h ig h e r  
d o s e  o f  h is ta m in e  (7-5  m g /k g )  w a s  e m p lo y e d  w ith  th e  a n t ih is ta m in e  
p r o m e th a z in e  h y d r o c h lo r id e ,  1 m g /k g  in t r a m u s c u la r ly ,  30  m in  b e fo re .  
T h e  p r o m e th a z in e  g a v e  th is  s t r a in  c o m p le te  p r o te c t io n  a g a in s t  g a s t r ic  
u lc e r a t io n .  T h e  s u s c e p t ib le  s t r a in ,  r e c e iv in g  5 m g /k g  h is ta m in e  a c id  
p h o s p h a te ,  w a s  a ls o  p r o te c te d  b y  th e  d r u g  ( P < 0 -0 0 1 ) .  A n t ih is ta m in e  
p r o te c t io n  b y  p r o m e th a z in e  is  a p p a r e n t ly  n o t  a s s o c ia te d  w ith  s ig n if ic a n t  
c h a n g e  in  t o t a l  v o lu m e  o r  a c id i ty  (T a b le  2 ). S im ila r ly ,  th e  sp e c if ic  a n ti -
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T A B LE 2. EFFECT OF ANTIHISTAMINES ON HISTAMINE ULCERATION AND SECRETION IN 
AN ULCER-RESISTANT AND AN ULCER-SUSCEPTIBLE STRAIN OF GUINEA-PIG

Dose of 
histamine 

acid
phosphate 

(mg/kg s.c.)

Average ulceration
Average 

volume of 
secretion 
(ml/kg)

Average acidity of 
secretion (m-equiv./litre)

No. of 
animals

With
prome
thazine

Without 
1 mg/kg 

i.m.Strain Free Total
T 6 7-5 0 _ 33 119 124
P 15 5 -+■ — 

Mepyramine maleate 
5 mg/kg i.m.

30 108 116

T 7 7-5 — 47 116 125
P 16 5 1-6 + — 41 119 126
T 6 7-5 — 3-3 + 30 87 97
P 12 5 — 3-2+ 30 98 105

T = resistant strain ; P = susceptible strain.

h is ta m in e  m e p y r a m in e  m a le a te  (5 -0  m g /k g  in t r a m u s c u la r ly  30  m in  b e fo re  
h is ta m in e )  r e d u c e s  u lc e r a t io n  b y  5 0 %  ( P < 0 - 0 1 ) ,  th e  o n ly  c h a n g e  in  th e  
s e c re to ry  p a t t e r n  b e in g  a n  in c re a s e  ( P < 0 - 0 1 )  in  th e  v o lu m e  o f  g a s t r ic  
ju ic e  s e c re te d .

Discussion
T h e  te c h n iq u e  d e s c r ib e d  w il l  y ie ld  c o n s is te n t  g a s t r ic  u lc e r a t io n  in  a  

s u s c e p t ib le  s t r a in  o f  g u in e a -p ig .  H is ta m in e  is  r e q u ir e d  in  r e la t iv e ly  lo w  
d o s a g e  o f  a q u e o u s  s o lu t io n  in je c te d  s u b c u ta n e o u s ly  a n d  th is  c o n t r a s t s  
w i th  th e  l a r g e r  d o s e s  o f  lo n g e r  a c t in g  n o n - a q u e o u s  s u s p e n s io n s  u s e d  in  
e a r l ie r  m e th o d s  B y  th is  p r e s e n t  m e th o d ,  th e  g a s t r ic  r e s p o n s e  is  l ik e ly  
to  b e  m o r e  u n i f o r m ,  s in c e  s e v e ra l  c o m p l ic a t in g  f a c to r s  a r e  e l im in a te d .  
W h e r e  d e la y e d  a b s o r p t io n  is  o b ta in e d  b y  i n t r a m u s c u la r  in je c t io n  o f  
s u s p e n s io n s  c o n ta in in g  re la t iv e ly  h ig h  d o s e s  o f  h is ta m in e  a n d  o f  v a r y in g  
p h y s ic o -c h e m ic a l  p r o p e r t ie s ,  th e  d if fe re n t  re s p o n s e s  o b ta in e d ,  f o r  e x a m p le  
b y  O lo v s o n  (1 9 5 0 ) a n d  W il l ia m s  (1 9 5 1 ), p r o b a b ly  in d ic a te  v a r y in g  re le a s e  
r a te s  f r o m  th e  s ite s  o f  in je c t io n .  B y  o u r  te c h n iq u e  th e s e  f a c to r s  a re
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minimised. An aqueous solution of histamine acid phosphate is more 
likely, after relatively rapid absorption, to yield a threshold histamine 
level more quickly and more certainly than an oily suspension which after 
slower absorption would give a lower, more prolonged but less consistent 
level; and it may well be that the ulceration and secretory effects here 
measured after 1 hr, follow such a level more consistently. This may 
explain one of our unreported findings that the severity of gastric ulcera
tion was variable when such a suspension was given by the intramuscular 
route but not so with the present technique.

The finding that urethane was not a suitable anaesthetic bears out 
Schachter’s (1949) findings that urethane stimulated secretion of high 
acidity in dogs after a delay of 2 hr. These effects may be referable to a 
stimulating effect of urethane on the secretion of endogenous histamine.

The difference in resistance between the two strains of guinea-pig there
fore appears to be to ulceration rather than to changes in secretory 
pattern, which are broadly similar; whether this is an intrinsic difference 
between strains in terms of gastric response to histamine or whether there 
is some other factor is not yet clear. This uniformity of secretion accom
panying a varying ulcer-proneness is of direct interest when considering 
the relationship between results obtained using this animal and their 
relevance to the disease in man where ulcer-proneness is an accepted 
though not a clearly understood concept.

In the guinea-pig, histamine ulceration has been variously attributed 
either to the secreted gastric juice (Hay & others, 1942; Halpern & Martin, 
19^6; Zaidi & Mukerji, 1958) or to the angiotoxic effect of histamine 
(Merkel, 1942; Williams, 1951; Kowalewski, 1954) and recently Watt
(1959) has suggested that the ulcerative process is initiated in the first 
instance by an effect of the acid gastric juice on the mucosal vessels. The 
present results indicate that, in the guinea-pig, whether or not the par
ticular strain is ulcer-resistant, an increase in histamine dosage beyond a 
certain level results in an output of gastric juice lower than that produced 
by doses not producing ulceration, an observation made under different 
experimental conditions by Ivy, Grossman & Bachrach (1951). These 
results are interpreted as indicating that at the higher (ulcerogenic and 
above) dose of histamine, a depressant effect on the cellular function of 
the secreting mucosa sets in as evidenced by failure of secretion volume to 
increase with dose, and this could be indirectly referable to the angiotoxic 
effects of histamine, whereas below this ulcerogenic threshold, the action 
of histamine on the secretory function appears to be one of increasing 
stimulation.

In the ulcer-prone strain, this is sufficient to allow the juice secreted in 
lower volume to take its part in the ulcerative process. The necessity of 
secreted acid is borne out by the results of the experiments with aluminium 
hycroxide where complete protection against ulceration is found with a 
complete neutralisation of free acidity of the gastric secretion. The 
results of the experiments are therefore compatible with the concept that 
both the angiotoxic effects as wefl as irritant action of hydrochloric acid 
are concerned in ulcerogenesis under these conditions.
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Antihistamines have frequently been used in studies on the experimental 
ulcer ever since Halpern & Martin (1946) made it known that a potent 
antihistamine will protect the guinea-pig against systemic effects of hista
mine given in a dosage sufficient to produce peptic ulceration at the same 
time. We find that the potent antihistamine promethazine does modify 
the ulceration picture when a sub-lethal dose of histamine is used as the 
ulceration stimulus.

Unlike mepyramine maleate, the anti-ulcer property of promethazine 
appears not to be associated with increase in volume of secretion. The 
differences in the effects of the different antihistamines is not surprising 
since pharmacological experience reveals that specificity of action is 
relative and not absolute, absolute specificity being rare or practically 
unattainable (Loew, 1947). Promethazine, besides being an antihistamine, 
exhibits atropine-like and ganglion blocking action and with these actions 
secretion volume is unchanged, and ulceration fails to occur. Mepyramine 
maleate, while being more specific, is a weaker antihistamine than pro
methazine, and its ulcer-protective effect is accompanied by an increase in 
volume of secretion. Wood (1949) also observed an increase in volume 
of secretion after mepyramine in histamine-stimulated cats. The increased 
volume of secretion and the diminution of ulceration may well be due to 
improved circulation in the gastric vascular bed, as a result of histamine 
antagonism.

This work, while providing a method of producing gastric ulcers in the 
guinea-pig, also supports the view that histamine gastric ulceration in the 
guinea-pig is apparently the result of the action of gastric juice on a mucosa 
functionally disturbed by histamine.

HISTAMINE GASTRIC ULCERATION
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Pharmacological properties of some West Indian 
medicinal plants
P A T R IC IA  A. H O O P E R  A N D  B. E. L E O N A R D *

A queous extracts o f 47 W est Ind ian  m edicinal p lants have been tested for their 
pharm acological activity. M ost o f  the  extracts had  slight activity only. Some 
extracts had  m ore pronounced  pharm acological properties and  are discussed in 
greater detail.

A  COMPREHENSIVE study of West Indian medicinal plants was 
undertaken to determine whether these plants contain substances of 

therapeutic or toxicological importance. Many are still used by certain 
groups of West Indians. The plants are usually ingested as beverages 
(“bush teas”) prepared by steeping either the leaves or the whole plant 
in hot water and their prolonged use may play a part in the aetiology of 
some diseases which are relatively common in the West Indies, such as 
veno-occlusive disease of the liver (Bras, Berry & Gyorgy, 1957).

The present study was done in collaboration with the University of the 
West Indies. The review of 250 Jamaican medicinal plants by Asprey 
& Thornton (1953, 1954, 1955) was used as a guide in the selection of 
plants to be tested. A report on the pharmacological properties of 55 
plants has already been published by Feng, Haynes, Magnus, Plimmer & 
Sherratt (1962). The results of the pharmacological testing of a further 
47 plants are herein described. Thirty-two of these plants have previously 
been examined by Feng, Haynes, Magnus & Plimmer (1964), using a 
different screening programme.

Methods
PREPARATION OF PLANT EXTRACTS

The plants were identified by the Botany Department of the University 
of the West Indies and the aqueous extracts prepared by the Chemistry 
Department of that University, using the method of Feng & others (1962). 
Usually the aqueous extract from which high molecular weight material 
had been precipitated with ethanol was used in the pharmacological 
tests. However, the crude aqueous extracts of a few plants were used 
before precipitation with ethanol and these plants are marked with an 
asterisk in the tables of results. One ml of the final aqueous extract 
was equivalent to 1 g of fresh plant tissue. When necessary extracts 
were neutralised before testing.

PHARMACOLOGICAL TESTING

The following pharmacological tests were made.
Acute toxicity. Intraperitoneal injection. The plant extracts were 

injected intraperitoneally (i.p.) into albino mice weighing 20-30 g; 5 mice
F ro m  the  D epartm en t o f M edical B iochem istry an d  Pharm acology, M edical 

School, B irm ingham , 15.
* Present a d d re ss : D epartm en t o f  Pharm acy, U niversity Park , N ottingham .
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were used at each dose level. Initially the dose was usually 10 ml/kg. 
Depending on the effects observed further doses in a logarithmic series 
ranging from 2-5-20 ml/kg were injected into other groups of mice. The 
animals were observed for at least 15 min after injection and a record was 
made of the effect of the extract on general behaviour, respiration, 
reflexes (pinna, corneal and righting), grip, performance on an inclined 
plane at 45° and on a rotating rod. Surviving animals were examined at 
24 hr intervals for one week and any deaths were recorded.

Intravenous injection. Extracts were only injected intravenously (i.v.) 
if they had a pronounced effect on intraperitoneal injection. Injections 
were made into the lateral tail vein of groups of 5 albino mice (20-30 g) 
and the same observations made as for the intraperitoneal injections. 
The initial dose was usually 5 ml/kg but lower doses were injected if this 
dose killed all the mice in the group.

Ejfect on isolated organ preparations. Guinea-pig ileum. A portion 
of terminal ileum (3-4 cm long) was set up in a 15 ml bath of oxygenated 
Tyrode solution at 37°. The extract (0-007-0-013 ml/ml bath fluid) 
was added to the bath and left in contact with the ileum for 25 sec. If 
the extract possessed marked spasmogenic properties an attempt was 
made to determine the site of action of the active principle by adding 
antagonists to known spasmogens to the Tyrode solution. The 
antagonists used were atropine sulphate (0-005 /¿g/ml bath fluid), mepyr- 
amine maleate (0-1 /ig/ml bath fluid) and 2-bromolysergic acid diethyl
amide (BOL; 13 /ug/ml bath fluid). These doses were sufficient to block 
the submaximal responses of the ileum to acetylcholine, histamine and
5-hydroxytryptamine (5 - h t )  respectively. Submaximal contractions of 
the ileum were obtained by the consecutive addition of 2 known spas
mogens and the extract to the bath. The antagonist to one of the known 
spasmogens was then added to the Tyrode solution and the 3 spasmogens 
tested in the same order as before.

All the plant extracts were also tested for their effect on submaximal 
contractions of the ileum induced by acetylcholine, histamine and barium 
chloride. Depending on the sensitivity of the preparation, the doses 
used of these spasmogens were approximately 0-007-0-02 /¿g/ml bath 
fluid of acetylcholine and histamine and 70 jag/ml bath fluid of barium 
chloride. The dose of extract was 0-007-0-013 ml/ml bath fluid.

Rabbit duodenum. A portion of duodenum (approximately 4 cm long) 
was set up in a 50 ml bath of Tyrode solution at 37°, through which 
passed a constant stream of 95% oxygen, 5% carbon dioxide. Up to 
0-017 ml extract per ml bath fluid was added to observe the effect of the 
extract on the pendular movement and muscle tone of the duodenum.

Rat phrenic nerve-diaphragm. The preparation was set up in a 100 ml 
bath of oxygenated Tyrode solution at 37° as described by Bulbring 
(1946). The effect of the extract on the response to nerve stimulation was 
observed. The dose of extract was 0-001-0-005 ml/ml bath fluid.

Rabbit heart. The Langendorff preparation of the rabbit isolated 
heart was perfused with oxygenated Ringer’s solution at 35°. The effect

PHARMACOLOGICAL PROPERTIES OF SOME WEST INDIAN PLANTS
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of the extract on the amplitude of contraction was noted after adding up 
tc 0-2 ml of the extract to the perfusing fluid.

Effect on cat blood pressure. Some of the extracts that had an effect on 
the rabbit isolated heart were tested for their effect on the cat blood 
pressure. Cats (2-3 kg) were anaesthetised with chloralose (80 mg/kg 
intraperitoneally). The blood pressure was recorded from the common 
carotid artery. Heparin (1,000 units/kg) was given intravenously. The 
extracts (0T ml/kg) were injected into the femoral vein.

Effect on the barbiturate sleeping time of mice. Only those plant 
extracts were tested that caused convulsions, excitement or sedation on 
intravenous injection into mice. Hexobarbitone sodium (100-125 
mg/kg) was injected intraperitoneally into groups of 6 albino mice. 
This produced a sleeping time of 10-20 min in the control group, the 
members of which also received an intraperitoneal injection of 0-9% 
saline (10 ml/kg). The experimental group was injected intraperitoneally 
with up to 10 ml/kg of extract; the dose of extract used was always below 
the minimal lethal dose. The sleeping time was regarded as the period 
between the loss and regaining of the righting reflex.

The significance of the results was assessed by Student’s i-test.

PATRICIA A. HOOPER AND B. E. LEONARD

Results and discussion
The results are described in Tables 1-5. None of the plant extracts 

had any effect on the rat phrenic nerve-diaphragm preparation and the 
results of this test have therefore not been tabulated.

The extracts tested had a number of different pharmacological activities 
which frequently could not be related either to known constituents of the 
plants or to their medicinal uses in the West Indies and elsewhere. How
ever, i: is possible to draw certain conclusions from the results obtained.

Some plants, e.g., Mangifera indica, Cordia brownei, Poinciana regia 
and Desmodium axillare, caused depression, frequently accompanied by 
writhing and ataxia, on intraperitoneal injection but had little or no 
effect on intravenous injection. This reaction was probably due to 
pain and with M. indica might have been due to the tannins known to 
be present in the leaves of this plant, which are used in Africa and the 
East for their astringent properties (Asprey & Thornton, 1953). In most 
instances, however, the active principles are unknown.

A few plant extracts were found to contain substances with either 
acetylcholine or histamine-like activities. Thus Triumfetta hispida and 
Cissus sicyoides were found to contain acetylcholine or a related com
pound, and histamine was identified pharmacologically in extracts of 
Ervatamia divaricata, Opuntia tuna, Pedilanthus jamaicensis and Sida 
rhombifolia. The presence of these substances in “bush teas” would not 
be of any medicinal value, since they are both rapidly inactivated :n the 
gastrointestinal tract.

Various Cassia species are widely used as purgatives and anthelmintics. 
Senna is the name given to the dried leaves or pods of C. acutifolia Delile
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PHARMACOLOGICAL PROPERTIES OF SOME WEST INDIAN PLANTS

T A B L E  1. A C U T E  T O X IC IT Y  TESTS O N  M ICE

Plant Route
of

admin.
Dose
ml/kg Effects on groups of 5 miceFamily Botanical name

Apocynaceae Ervatamia 
divaricata (L.) 
Burkh.

i.p. 1 0 - 2 0 Depression and slight tachypnoea. Mice 
normal after 24 hr

i.v. 5 Transient excitation and tachypnoea
Asclepiadaceae .. Calotropis procera 

R.Br.
i.p. 10 Depression. After 24 hr 4 mice normal ; 

1 mouse depressed ; dead after 72 hr
i.v. 5 Depression and hypopnoea. Mice normal 

after 24 hr
Bignoniaceae Catalpa longissima 

Dum.-Cours.
i.p. 10 Slight depression, ataxia and writhing. 

2 mice dead after 72 hr. Remainder 
normal after 1 week

i.v. 5 Depression and hypopnoea. Mice normal 
after 24 hr

Crescentia 
cujete L.

i.p. 2 0 No immediate effect, but 2 mice dead after 
48 hr. Remainder normal after 1 week

Boraginaceae * Heliotropium 
angiospermum 
Murray

i.p. 1 0 - 2 0 Depression and slight tachypnoea. Mice 
normal after 24 hr

i.v. 5 Transient slight tremor and apparent increase 
in aggressiveness

Caesalpiniaceae .. Cassia emarginata 
L.

i.p. 2-5 Depression, ataxia and hyperpnoea. Mice 
became more sensitive to sound; clonic 
convulsions within 15 min. 3 died; re
mainder normal after 24 hr

i.v. 0-5 Depression, ataxia and hyperpnoea. Mice 
showed tremor; 2  had clonic convulsions. 
1 died; remainder normal after 24 hr

Cassia fistula L. i.p. 1 0 - 2 0 Depression, ataxia and hypopnoea. Mice 
normal after 24 hr

i.v. 5 Depression and hypopnoea. Mice normal 
after 24 hr

*Poinciana regia 
Boj.

i.p. 10 Severe depression, writhing and hypopnoea. 
Mice normal after 24 hr

i.v. 5 No immediate effect. After 24 hr 1 mouse 
dead ; remainder depressed and ataxic but 
normal after 48 hr

Combretaceae .. Term inalia 
calappa L.

i.p. 5 Depression, slight ataxia and hypopnoea. 
After 24 hr mice depressed and consti
pated ; 5 dead after 72 hr

i.v. 5 Depression, ataxia and hypopnoea. After 
24 hr 4 mice normal ; 1 dead

Compositae Tithonia 
di ¿ersifolia 
Gray

i.p. 1 0 - 2 0 Depression, ataxia and hyperpnoea. Mice 
normal after 24 hr

i.v. 5 No apparent effect on 4 mice; 1 had clonic 
convulsions, but recovered rapidly

Cucurbitaceae .. Cucumis anguria 
L.

i.p. 2 0 Depression, twitching and hypopnoea. 
After 24 hr 1 mouse dead; remainder 
severely depressed; dead after 48 hr

i.v. 5 Slight twitching and tachypnoea. Mice 
normal after 24 hr

Iridaceae Aristea compressa 
B uch.

i.p. 10 Depression and hypopnoea. After 24 hr 
4 mice dead; survivor severely depressed; 
dead after 48 hr

i.v. 5 Slight excitation and apparent increase in 
aggressiveness. After 24 hr 3 mice 
depressed ; 3 dead after 48 hr. Remainder 
normal after 1 week

* Crude aqueous extracts.
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PATRICIA A. HOOPER AND B. E. LEONARD

T A 3 L E  1— continued

Plant Route
of

admin.
Dose i
ml/kg Effects on groups of 5 miceFamily Botanical name

Meliaceae Trichilia hirta L. i.p. 10 Depression and transient writhing. Mice 
normal after 24 hr

i.v. 5 2  mice had clonic convulsions. 1 died. 
Remainder normal after 24 hr

Mimosaceae Acacia lutea 
Hitch.

i.p. 10 Depression and slight dyspnoea. After 24 
hr 1 mouse dead; 4 apparently normal. 
After 48 hr 3 mice dead; survivor normal 
after 1 week

i.v. 5 Depression and hypopnoea. After 24 hr 1 
mouse dead; remainder normal

Nyctaginaceae .. Mirabilis jalapa L. i.p. 5 Depression, tachypnoea and reduced grip. 
The cornea was opaque and corneal and 
pinna reflexes were reducec. After 24 hr 
1 mouse dead; 2  normal and 2  depressed. 
After 48 hr 2 mice dead; remainder normal 
after 1 week

Polygonaceae Polygonum 
chinense L.

i.p. 10 Depression and ataxia. Mies normal after 
24 hr

i.v. 5 Depression, ataxia, hyperpnoea and slight 
head tremor. After 24 hr 1 mouse dead; 
remainder normal

Solar.aceae Capsicum 
frutescens L.

i.p. 10 Depression and slight ataxia. Mice normal 
after 24 hr

i.v. 2-5 Depression, dyspnoea and cloric convulsions. 
1 mouse died after convulsions; remainder 
normal after 24 hr

Solanum
verbascifolium
L.

i.p. 10 Depression, ataxia and tachypnoea. 5 mice 
dead after 2  hr

i.v. 2-5 Depression, ataxia and hyperpnoea. 2 mice 
had clonic convulsions and died. Re
mainder normal after 24 hr

Verbenaceae * Lontana camara 
L.

i.p. 10 Depression and tachypnoea. After 24 hr 
mice slightly depressed. After 48 hr 2 
mice dead; remainder normal

i.v. 5 Depression, hypopnoea, fine head tremor and 
twitching. Mice normal after 24 hr

Vitaceae .. Cissus sicyoides L. i.p. 10 Depression. Mice normal after 24 hr
i.v. 5 Slight excitation. Mice normal after 24 hr

Zygophyllaceae .. *Kallstroemia 
maxima 
Torr, et Gr.

i.p. 10 Depression, ataxia and tachypnoea. After 
24 hr 4 mice dead; sur/ivor severely 
depressed, dying after 48 hr

i.v. 5 Depression. After 24 hr 1 mouse dead; 
remainder depressed; norma! after 48 hr

The following extracts had no effect in a dose of 20 ml/kg i.p.
Annonaceae Annona squamosa L. Asclepiadaceae Asclepias curassavica L. Bignoniaceae Tecomaria 
capensis Fenzl. Cactaceae Opuntia tuna Mill. Convolvulaceae Argyreia speciosa Sweet. Cucur- 
titaceae Luffa cylindrica M.Roem. Phytolaccaceae Petiveria alliacea L.

On i.p. injection (10-20 ml/kg) the following extracts caused some of the symptoms of peritoneal irritation, 
e.g., tachypnoea, ataxia, writhing and depression, sometimes followed by death. However, they had no 
effect on i.v. injection.

Acanthaceae Thunbergia grandiflora Roxb. Anacardiaceae Mangifera indica L. var. “Black5*. 
Apocynaceae *Echites umbellata Jacq. Balsaminaceae Impatiens sultani Hook. Boraginaceae 
Cordia brownei (Friesen) Johnston. Euphorbiaceae *Pedilanthus jamaicensis Millsn. & Britton. 
Malvaceae * Hibiscus rosa-sinensis L.; Sida acuta Burm.; Sida rhomb ifolia L. Mimosaceae Albizia 
lebbeck Benth. Moraceae Ficus benjamina L. Nyctaginaceae Bougainvillea sp. Papilionaceae 
Desmodium axillare DC. Rhamnaceae *Ziziphus mauritiana Lam. Sapindaceae Meliococca bifuga L. 
Sapotaceae *Chrysophyllum cainito L. Solanaceae Cestrum diurnum L. var. venenatum (Mill.)O.E.Sch. 
Tiliaceae Triumfetta hispida A.Rich. Verbenaceae Verbena bonariensis L.
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PHARMACOLOGICAL PROPERTIES OF SOME WEST INDIAN PLANTS

T A B L E  2. EFFECTS O N  S M O O TH  M U SC LE

Guinea-pig ileum Rabbit duodenum

Botanical name

Dose
ml/ml
bath
fluid Effect

Dose
ml/ml
bath
fluid Effect

Annona squamosa L. .. 0013 ACh, histamine and BaCl2 con
tractions reduced by 90%, 
80% and 50% respectively

0  0 0 2 Decrease in tone

Ervatamia divaricata 
(L.) Burkh. 0007 Contraction equivalent to 85% 

maximal ACh contraction 
antagonised by mepyramine

0017 None

Calotropis procera R. 
Br............................ 0013 Contraction equivalent to 25% 

maximal ACh contraction
0  0 0 2 Gradual increase in tone, 

followed by irreversible 
spasm

Catalpa longissima 
Dum.-Cours. 0013 ACh contraction reduced by 

60%
0 007 Decrease in size of con

tractions
Cordia brownei 

(Friesen) Johnston 0013 ACh and histamine contractions 
reduced by 20% and 25% 
respectively

0-007 Rapid decrease in tone

Opuntia tuna Mill. .. 0 007 Contraction equivalent to 75% 
maximal ACh contraction 
antagonised by mepyramine

0-017 Slight increase in tone

Cassia emarginata L. 0013 ACh contraction reduced by 
50%

0 007 Slight decrease in tone

Cassia fistula L. 0007 Contraction equivalent to 70% 
maximal ACh contraction 
antagonised by BOL

0-005 Increase in tone

Tithonia diversifolia 
Grey 0013 None 0 005 Decrease in size of con

tractions
Cucumis anguria L. .. 0013 ACh contraction reduced by 

40% ; histamine contraction 
increased by 25%

0-004 Slight decrease in tone

Luff a cylindrica M. 
Roem. 0013 ACh and histamine contractions 

reduced by 75% and 20% 
respectively

0017 None

*Pedilanthus jamai- 
censis Millsp. & 
Britton 0 007 Contraction equivalent to 55% 

maximal ACh contraction an
tagonised by mepyramine

0017 None

Sida rhombifolia L. .. 0013 Contraction equivalent to 90% 
maximal ACh contraction an
tagonised by mepyramine

0-017 None

Trichilia hirta L. 0013 None 0 - 0 0 2 Large transient decrease 
in tone

Acacia lutea Hitch. .. 0013 ACh contraction reduced by 
2 0 %

0-017 Slight increase in tone

Mirabilis jalap a L. 0013 None 0  0 0 2 Sudden large decrease in 
tone and in size of 
contractions

Desmodium axillare 
DC. 0013 ACh contraction reduced by 

60%
0 007 Gradual increase in tone

Petiveria alliacea L. .. 0013 ACh contraction reduced by 
30%

0-017 None
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TA B LE 2— continued

Guinea-pig ileum Rabbit duodenum

Botanical name

Dose 
ml/ml 
bath 
fluid Effect

Dose
ml/ml
bath
fluid Effect

Polygonum chinense L. 0013 Contraction equivalent to 20% 
maximal ACh contraction

0004 Slight increase in tone

Capsicum frutescens L. 0013 ACh and histamine contractions 
reduced by 50% and 30% 
respectively

0017 Slight decrease in tone

Solarium verbascifolium 
L ............................. 0013 Contraction equivalent to 65% 

maximal ACh contraction 
partially antagonised by both 
atropine and BOL. ACh, 
histamine and BaCl2 contrac
tions reduced by 60%, 60% 
and 30% respectively

0 005 Increase in tone, followed 
by spasm

Triumfettc hispida A. 
Rich 0 007 Contraction equivalent to 90% 

maximal ACh contraction 
antagonised by atropine

0 0 0 2 Rapid increase in tone

Cissus sicyoides L. 0013 Contraction equivalent to 15% 
maximal ACh contraction 
antagonised by atropine. ACh 
contraction reduced by 40%

0017 Slight decrease in tone

* Kails troemia maxima 
Terr, et Gr. 0013 None 0  006 Slight decrease in tone, 

followed by an increase 
and prolonged spasm

AI extracts were tested on guinea-pig ileum and rabbit duodenum but only those extracts which had an 
effect are listed in this table.

or C. angustifolia Yahl and C. fistula is a well-known source of the 
purgative cassia pod and pulp. The purgative principles in this genus 
are anthraquinones, whose irritant properties may partly account for the 
depression seen in mice after intraperitoneal injection of C. fistula and
C. emarginata. C. fistula was also found to contain 5-h t , which would 
explain the stimulating effect on smooth muscle and the increase in 
barbiturate sleeping time obtained with this extract. Some Cassia 
species are known to contain hydrocyanic acid (Watt & Breyer-Brandwijk,
1962) and this substance may be the cause of the clonic convulsions occur
ring after intraperitoneal and intravenous injections of an extract of
C. emarginata. The presence of this compound in an extract of C. 
emarginata would also account for its depressant effect on rabbit isolated 
heart and duodenum and for the increase in the barbiturate sleeping time.

T ie presence of hydrocyanic acid has also been reported ir, Tithonia 
diverstfolia (Watt & Breyer-Brandwijk, 1962). This may have been the 
cause of the clonic convulsions occurring in one mouse after in.ravenous 
injection of the extract, the increase in the barbiturate sleeping time and 
the depressant effect on rabbit isolated duodenum. No reference to the 
medxinal uses of this plant has been found.

Many species of Trichilia are used in Africa as purgatives, and the 
roots of some species are also used as an emetic in rheumatism, dropsy 
and heart disease. This genus is known to contain saponins, tannins,
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PHARMACOLOGICAL PROPERTIES OF SOME WEST INDIAN PLANTS
T A B LE 3. EFFEC TS O N  R A B B IT  ISO L A T ED  H E A R T

Botanical name Dose mi Effect
Mangifera indica L. var. “Black” .. 005 Transient decrease in amplitude
Annona squamosa L. .. 005 Increase in rate and amplitude, followed by recovery
*Echites umbellata Jacq. 0 1 Large rapid increase in rate and amplitude, followed 

by recovery
Ervatamia divaricata (L ) Burkh. 0-05 Large increase in amplitude, followed by slow recovery
Calotropis procera R.Br. 0 1 Large decrease in amplitude, followed by slow partial 

recovery
Cordia brownei (Friesen) Johnston .. 0 1 Transient decrease in amplitude
* He liotr opium angiospermum Murray 0 1 Gradual large decrease in rate and amplitude, followed 

by slow partial recovery
Cassia emarginata L. 005 Transient decrease in amplitude
Cassia fistula L. 0 1 Decrease in amplitude, followed by recovery
Cucumis anguria L. 0 1 Decrease in amplitude, followed by recovery
Trichilia hirta L. 0 - 2 Prolonged decrease in rate and amplitude
Acacia lutea Hitch. 0 1 Transient decrease in amplitude
Albizia lebbeck Benth. 0- 2 Slow decrease in amplitude, followed eventually by 

asystole
Bougainvillea sp. 005 Transient decrease in amplitude
Mirabilis jalapa L. 0005 Sudden large increase in rate and amplitude, followed 

by fairly rapid recovery
Meliococca bijuga L. .. 0 1 Decrease in rate and amplitude, followed by asystole
*Chrysophyllum cainito L. 005 Decrease in amplitude, followed by partial recovery
Capsicum frutescens L. 005 Decrease in amplitude, followed by recovery
Solanum verb asci folium L. 0 1 Rapid asystole followed by gradual partial recovery
* Lontana camara L. . . 0 1 Rapid decrease in amplitude, followed by recovery
*Kallstroemia maxima Torr, et Gr. .. 0 1 Large prolonged decrease in amplitude

All extracts were tested on the rabbit isolated heart, but only those extracts which had a pronounced 
effect are listed in this table.

TABLE 4. EFFEC TS O N  C A T  B LO O D  PR ESSU R E

Botanical name
Dose
ml/kg Effect

Annona squamosa L. . . 0 1 Decrease of 30-40% followed by slow recovery
*Echites umbellata Jacq. 0 1 Slight increase followed by a rapid decrease of 

approx. 80%; slow recovery
Ervatamia divaricata (L.) Burkh. 0 1 Transient decrease of approx. 25%
Cassia emarginata L. 0 1 Transient decrease of approx. 30%
Terminalia catappa L... 0 1 Two successive decreases of 25-30% followed by a 

compensatory increase; slow recovery
Mirabilis jalapa L. 0 0 1 Sudden increase of 75% follow-ed by rapid recovery
Capsicum frutescens L. 0 1 Transient decrease of 20-25%
* Lontana camara L. .. 0 1 Transient increase of approx. 20%
* Kallstroemia maxima Torr. et Gr. .. 0 1 Decrease of approx. 10% followed by a slight increase 

before recovery

Extacts of Mangifera indica, Cordia brownei, Meliococca bijuga and Verbena bonariensis had no effect 
on cat blood pressure in a dose of 0-1 ml/kg.
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T A B LE 5. EFFECTS O N  B A R B IT U R A T E  SL E E PIN G  TIM E IN  M ICE

Botanical name
Dose of 
extract 
ml/kg

Effect as percentage of 
control ( = 1 00) 
and significance

Calotropis procera R.Br. 5 157, 0 01 < P < 0 02
Cassia emarginata L. 1 156, 0-01 < P < 0 02
Cassia fistula L. .. 10 135, 0-02 < P < 0 05
Tithonia diversifolia Gray 10 185, P < 0 001
Aristea compressa Buch. 5 155, P < 0 001
Trichilia hirta L. .. 10 231, P <  0-001
Polygonum chínense L. .. 10 130, 0 02 < P < 0 05
Capsicum frutescens L. . . 10 160, 0 01 < P < 0 02
Solanum verbascifolium L. 5 156, P < 0-001
* Lontana camara L. 10 171, 0-001 < P < 0 01

For significance, P < 0-05
Extracts of Ervatamia divaricata, Catalpa longissima, Terminalia catappa, Acacia lutea, Cissus slcyoides 

and *Kallstroemia maxima had no effect on the barbiturate sleeping time of mice in sublethal doses.

resins, a volatile oil and fats (Watt & Breyer-Brandwijk, 1962). The 
depressant effect of an aqueous extract of T. hirta on rabbit isolated heart 
and duodenum might have been due to the saponin component, but the 
cause of the clonic convulsions occurring on intravenous injection into 
mice and of the considerable increase in barbiturate sleeping time is not 
clear from our studies.

Mirabilis jalapa is probably little used medicinally in Jamaica, although 
in India the fresh leaf juice is taken for gonorrhoea and for uterine dis
charges, whilst an infusion of the leaves is said to be a diuretic and is 
used for dropsy. The alkaloid trigonelline, which is reputed to be non
toxic, has been isolated from the plant (Watt & Breyer-Brandwijk, 1962). 
In the extract tested the major constituent appeared to be a catecholamine 
which was shown to be present by paper chromatographic analysis. 
Alkaloids were not detected in the extract. The catecholamine probably 
caused all the effects observed in the pharmacological tests.

A number of plants in the Solanaceae contain alkaloids of pharmaco
logical importance, e.g., atropine, (—)-hyoscine (scopolamine) and nico
tine. Solanine is known to be present in Capsicum frutescens, and this 
or other alkaloids could possibly account for the pharmacological effects 
of tnis extract. The fruits of this plant are used medicinally and also as 
condiments (chillies and Cayenne pepper). The leaves are used in 
Jamaica and Africa as a dressing for wounds and sores, and one leaf 
boiled in a little water is thought to increase urinary excretion in babies 
(Asprey & Thornton, 1954). No reference has been found to the medi
cinal uses of Solanum verbascifolium, although related species are com
monly used in Africa in the treatment of skin diseases, pneumonia, 
snake bite, colic and worm infestations. Solanine has been identified in 
various members also of this genus. It is possible that many of the effects 
observed in the tests with an extract of S. verbascifolium were due to the
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p r e s e n c e  o f  n ic o t in e ,  b u t  o th e r  a lk a lo id s  a n d  a ls o  5 - h t  m a y  h a v e  b e e n  
p r e s e n t  a s  w e ll.

Only plants with pronounced pharmacological activity have been 
discussed. Most of these plants are used in native medicine in their 
countries of origin. With the possible exception of those plants that 
contain tannins and are used as astringents it seems improbable that they 
are effective in treating the diseases for which they are administered.
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Radiation-protection of Serratia marcescens by a 
thiolsulphonate related to cysteamine
T. C. O W E N ,*  M . S. P A R K E R t A N D  G . M . S T E R N i

A th io lsu lphonate , 2-am inoethyl 2 -am inoethaneth io lsulphonate (also know n as 
cystam ine disulphoxide) affords significant p ro tection  to  the  m icro-organism  Serratia 
marcescens against the  lethal effects o f X-rays. T he th io lsu lphonate  b reaks down 
extensively a t pH 7, bu t the  degree o f p ro tec tion  given by it is m uch greater th an  can 
be accounted  fo r by the  action  o f decom position  products and  is considered to  be 
characteristic  o f the  com pound  itself.

R ECENTLY (Field, Ferretti, Crenshaw & Owen 1964), we have 
reported that a thiolsulphonate, 2-aminoethyl 2-aminoethanethiol- 

sulphonate (I) related to cysteamine (II), and its AW'-di acetyl, NN'-di- 
decyl, ATV'-dimethyl and AW'-diureyl derivatives show significant radia
tion-protective activity in mice, comparable with the activity of cysteamine 
and its derivatives.

Among the many substances tested for radiation protective activity are 
amino-sulphur compounds closely related to cysteamine. Examples of 
these are cysteamine (II) itself (Bacq, Herve, Fischer, Lecomte, Blavier, 
Deschamps, LeBihan & Rayet, 1951), cystamine (III) (Bacq, 1956) and

vjh2-ch2-ch2-so2 nh2-ch2-ch2-s
I NH2-CH2-CH2-SH I

\ ih2-ch2-ch2-s n h2-ch2-ch2-s
T hio lsu lphonate  (I) C ysteam ine (II) C ystam ine (III)

NH2CH-(C02H)-CH2-SH nh2-ch2-ch2-so2h

Cysteine (IV) H y po tau rine  (V)

cysteine (IV) (Patt, Tyree, Straube & Smith, 1949). The rationale 
leading to development and testing of thiolsulphonates as potential 
radiation protective agents derives from their ability to convert thiols into 
mixed disulphides (Field, Owen, Crenshaw & Bryan, 1961). The capa
bility of certain protective agents for forming disulphide linkages involving 
thiol groups of tissue constituents has been suggested as an important 
basis for protective action (Pihl & Eldjarn, 1958). Thiolsulphonates, 
however, are unstable in alkaline medium. The amino thiolsulphonates 
of interest here are no exception, being reasonably stable in aqueous 
solution only as their mineral acid salts (pH ca 4-5) and decomposing 
rapidly when the pH is raised to 5-5 or above by addition of bases (Field 
& others, 1964).

The work here described was carried out to determine whether the 
radiation protective action is an intrinsic property of the thiolsulphonate,

F rom  the D ep artm en t o f C hem istry and  the D epartm en t o f Pharm acy, College o f 
Technology, Liverpool, 3.
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or whether it could be ascribed to the cystamine (a known protective 
agent) and hypotaurine (V) which would result from its spontaneous 
decomposition at body pH. The stoichiometry of decomposition 
approximates to the rapid formation of four molecules of hypotaurine 
and one of cystamine from three of the thiolsulphonate.

Testing in organisms at a pH (4-5 or below) where the thiolsulphonate 
would be stable is manifestly impossible in higher organisms where close 
maintenance of neutrality (pH ca 7) is essential to survival ; while quantita
tive comparison of the protection afforded by the thiolsulphonate and by 
its decomposition products requires large numbers of test animals to obtain 
statistically significant results. Accordingly, we chose as a test organism 
a micro-organism, the red pigmented bacterium Serratia marcescens. Use 
of this bacterium permitted examination of the thiolsulphonate at pH 4-5 
where it is stable. Although the organism does not multiply at the 
lowered pH it remains viable and will grow upon readjustment to pH 7-3. 
Furthermore a statistically significant comparison of the activity at pH 7-3 
of the thiolsulphonate and of its decomposition products was possible. 
The results have little or no direct bearing on the behaviour of this pro
tective agent in other organisms, but are meaningful per se. Several 
factors influenced the choice of this particular bacterium. It is relatively 
easily cultured and counted, its radiation sensitivity is high (Dewey, 1960) 
and it is currently used in these departments in a continuing study of the 
effect of calcium ion concentration on its radiation sensitivity. Simul
taneous determination of the protection afforded by a number of other 
sulphur compounds was planned as corroborative information, and it was 
felt that this could valuably be with a micro-organism other than Escheri
chia coli which had already been most extensively studied (Kohn & 
Gunter, 1959).

Experimental
MICRO-ORGANISM PREPARATIONS

Bacterial suspensions were derived from 18 hr cultures of S. marcescens 
(NCTC 1377) grown at 25° on nutrient agar slopes. Suspensions for 
irradiation were made by adding 6 ml of air-saturated sterile buffer (pH 7-3 
or 4-0 as required) to a cultured slope, agitating gently 20 times, and 
diluting 1 ml of supernatant suspension with 49 ml of the same sterile 
buffer. 10 ml portions of the resulting suspension were irradiated.

SURVIVOR COUNTS

The irradiated and control suspensions were serially diluted three times, 
each 1 ml to 50 ml, with sterile pH 7-3 buffer, giving a total dilution of 
1 to 1-25 X 105. Agar plates were inoculated with 0-3 ml portions of the 
diluted suspension. Ten plates were prepared from each sample and 
each control (a freshly sterilised pipette for each inoculation) making a 
total of either 20 or 30 plates per experiment. The inoculated plates 
were incubated for 24 hr at 25° and colonies then counted. As a check 
on the reliability of counting, and as a precaution against late development
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of colonies, a number of plates were selected at random intervals and 
counted on three separate occasions. No discrepancy greater than 3 in 
an average of 60-120 colonies occurred.

IRRADIATION

Cell suspensions (10 ml) were exposed to X-rays (230 KV, 15 mA, 
unfiltered) at a dose rate of 1,147 rads/min. The same radiolysis bottle 
(25 ml capacity; stoppered) was used for each exposure, the bottle having 
been well “browned” by irradiation before commencement of the work. 
Considerable care was taken to ensure reproducible geometry of exposure. 
Dose rates were determined by conventional ferrous (Fricke) dosimetry 
using the same radiolysis bottle. The LD50 was determined by carrying 
out a number of irradiations at various radiation doses (Table 1). Per
centage kills were converted to probits of kill by probit transformation

T. C. OWEN, M. S. PARKER AND G. M. STERN

TA B LE 1. irradiation of S. marcescens ; L D 50 determination*

Irradiation 
t me (sec)

Mean
colony
count

Standard
deviation

(°9 X*
Probability

%
Kill
%

Probit of 
kill

0 63 2-6 0 - 2 2 >80
30 56 2-5 0-23 >80 1 1 1 3-83

0 117 7-6 3-5 >80
60 64 3-3 1*7 >99 45-3 4-37

0 149 40 0-44 >95
90 74 3-6 M >98 50-3 50

0 134 8-4 4-7 >80
150 28 2-8 2- 8 >98 79-1 5-32

0 167 3-8 0-43 >99
180 29 3-5 2-1 >80 82-6 5-95

* Data used for construction of Fig. 1.
LD50 interpolated from probit regression line, 1,490 rads in 78 sec.

(Finney, 1962), the probits plotted against the logarithm of irradiation 
time and the time of irradiation for 50% kill determined from the resulting 
linear graph. A time of 78 sec, corresponding to an LD50 of 1490 rads 
was found. Direct plotting of log % survivors vs. dose indicates that an 
initial threshold dose is required before an exponential dose-survival 
relationship is established (cf. Alper, 1961 and Fig. 1).

Three 10 ml portions of bacterial suspension were used for each deter
mination of protective activity and toxicity of each of the potentially 
protective substances. These were: (1) a control; (2) a toxicity check 
containing the protector but not irradiated; (3) a sample containing 
protector and exposed to an LD50 radiation dose. Ten plates were 
prepared from each. Duplicate experiments were made.

Oxygen consumption in air-saturated aqueous buffers exposed to this 
low dose is negligible, eliminating the need for aeration during irradiation 
and minimising any possible effects from endogenous anoxia.

MATERIALS

Cystamine (III) and the thiolsulphonate (I) were prepared by oxidation 
of cysteamine with hydrogen peroxide (Field & others 1961). The
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resulting hydrochlorides were converted to sulphates by adding an 
equivalent amount of sulphuric acid to their aqueous solutions, and the 
water and hydrogen chloride were evaporated off under reduced pressure 
(Owen & Wilbraham, unpublished work). Hypotaurine (V) was prepared 
by a modification of Cavallini’s procedure (Cavallini, de Marco & 
Mondovi, 1953). Cysteamine (II) was prepared by hydrolysis of thiazol- 
idinethione. Glycerol was of B.P. quality and cysteine (IV) hydrochloride 
was B.D.H. laboratory chemical grade.

Buffer solutions contained (a) 2-0 g/litre KH2P04(pH 4-0): (b) 1-0 g/litre 
KH2PO,t with 1 -25 g/litre K2HP04 (pH 7-3), and were air saturated.

RADIATION-PROTECTION OF SERRATIA M ARCESCENS

Irradiation tim e (sec)

F i g . 1. Irrad ia tio n  curve o f  S. marcescens.

PROTECTIVE ACTIVITIES

The protective activities and toxicities of these substances were examined 
by dissolving 10 mg in 10 ml suspensions of the bacteria. Preliminary 
work had indicated that higher concentrations were unduly toxic in 
certain instances and lower ones seriously impaired the significance of the 
protective activity observed.

Whilst the molecular weights of cystamine and the thiolsulphonate 
(sulphates) are roughly double those of cysteamine (hydrochloride) and 
hypotaurine, their equivalent weights are similar (125, 141, 113-5, 109 
respectively) so that the equivalent concentrations (g equiv/litre) of the 
solutions used (10 mg in 10 ml) are comparable, ranging from 0-0071 for 
the thiolsulphonate to 0-0092 for hypotaurine. For the purposes of this
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work, comparison of activities at similar equivalent concentrations is 
more pertinent than comparison at equimolar levels.

The protectors were added to the bacterial suspensions 5 min before 
irradiation, this time interval being indicated by preliminary studies. 
Kohn & Gunter (1959) had shown the importance of a “reactions period"’

T. C. OWEN, M. S. PARKER AND G. M. STERN

TA B LE 2. irradiation of S. marcescens ; protection and  toxicity. R adia tion  
dose, 1,490 rads in  78 sec. P ro tecto r concentra tion , 10 mg/10 ml, 
p H  7-3*

Pro
tection (a)

Radiation Mean Standard Proba- Toxicity (LD50
dose colony deviation bility (% survival

Protective substance (Rads) count (p) X'- % mortality) X )

None (control) 0 82 5-5 1-9 >80
Thiolsulphonate (I) f 0 45 2-9 1-3 >98 45

sulphate (b) \ 1490 34 2 1 M >99 76
None (control) 0 83 6-3 2-9 >80
Cystamine (Ilf) f 0 69 5-4 3-8 >90 17

sulphate \ 1490 35 2-4 0-97 >99 51
None (control) 0 114 5-5 1-6 >95
Hypotaurine (V) f 0 109 3-2 0-46 >99 4-4

\ 1490 59 4-7 2- 6 >90 54
None (control) 0 65 40 1-7 >95
Cysteamine (II) f 0 57 5-3 2-9 >80 12

hydrochloride \ 1490 36 40 4-3 >80 63
None (control) 0 104 2-3 0-26 >99
L-Cysteine (IV) f 0 91 5-5 2-4 >90 12

hydrochloride \ 1490 45 1-4 0-31 >99 50
None (control) 0 115 4-4 1-5 >99
Thiolsulphonate (I) f 0 101 70 2-4 >70 12

sulphate (6 ) pH 4-0 \ 1490 56 4-4 2-4 >90 55
None (control) 0 162 7-1 2- 2 >90
Dimethyl f 0 9 0-79 0-56 >99 94

thiolsulphonate -< 
hydrochloride (c) L 1490 Not de erminable ue to high toxicity of compoiind

None (control) 0 64 4-4 2-7 >95
Glycerol 0

1490
53
34

4-6
3-3

2-8
2 - 6

>90
>95

17
64

(a) Number surviving irradiation in the presence of the protective substance, expressed as a percentage 
of the number surviving administration of the substance alone.

(b)  2-Aminoethyl 2-aminoethanethiolsulphonate sulphate.
(c) 2-Methylaminoethyl 2-methylaminoethanethiolsuIphonate dihydrochloride. This compound pro

tects mice (Field & others, 1964) but is toxic.
* Except where otherwise indicated.

(15 min) in chemical protection of E. coli B/r. With S. marcescens under 
our conditions no improvement of protection was observed after 5 min. 
The effects observed are reported in Table 2.

STATISTICS

Since the interpretation of the results depends heavily on quantitative 
estimation of toxicity and protection afforded, a reliable estimate of the 
statistical significance of the data is essential. Appropriate values are 
included in Tables 1 and 2.
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Discussion
While the single point method adopted is of limited utility it is adequate 

for the objectives of this work; that is, to compare quantitatively the 
protective ability of the various substances under a given, arbitrarily 
selected, set of conditions. We would stress that different conditions 
might well lead to quite different results in certain instances.

The thiolsulphonate (I) is toxic to the bacteria so that investigation at 
low concentrations was necessary. Even so, a considerable measure of 
protection was observed under the conditions of these experiments at 
pH 7-3 but not at pH 4-0 when the compound is more stable chemically. 
Of those bacteria which survived the inherent toxicity of the substance 
(55% of a control sample) three quarters survived an LD50 radiation dose. 
While this may seem only a moderate measure of protection, it is much 
greater than that afforded by the other substances here examined all at 
pH 7-3 under similar conditions. The protection afforded by the thiol
sulphonate is therefore considered significant.

The data obtained for cystamine indicate moderate toxicity and no 
protective ability while those for hypotaurine indicate very low toxicity 
and very slight protection. Thus the protective activity of the thiol
sulphonate cannot be ascribed to action of these substances produced by 
spontaneous decomposition at pH 7-3.

Even complete metabolic reduction of the thiolsulphonate to cysteamine 
(II), a most improbable occurrence particularly in air-saturated buffer, 
would not account for the level of protection observed. Cysteamine does 
protect S. marcescens under our conditions, but to a markedly lesser 
extent than dees the thiolsulphonate. It seems, therefore, that the 
protective ability is an intrinsic property of this latter substance.

Several possible mechanisms of radiation protection by aminothiols 
have been suggested. These include (a) trapping of primary radiolysis 
radicals (H-, HO, H02-) before these can interact with biochemically 
essential molecules (b) repair of damaged sites (produced by interaction 
of radicals with essential biochemicals) before oxygenative denaturation 
can occur, and (c) association of an essential sulphydryl group (e.g., of 
enzyme or nucleoprotein) with the sulphydryl of the aminothiol, perhaps 
in a mixed disulphide linkage (see, e.g., Bacq, 1961). Quite probably all 
of these, and other, mechanisms may be involved.

Protection by the thiolsulphonate, seems to indicate that the mixed 
disulphide mechanism is at least involved here, although other mechanisms 
are by no means excluded. It is difficult to envisage its being a better 
radical trapping or repair agent than the less-oxidised cysteamine or 
cystamine, while its potentiality for rapid mixed-disulphide formation 
with thiols is well authenticated.

The observations with some of the other compounds studied merit 
mention. The protection afforded by glycerol, included here to give some 
basis for relating these studies to earlier work, was consistent with previous 
reports (Dewey, I960). Surprisingly, L-cysteine showed no protective 
activity under our conditions; further investigation of this with different
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concentrations and radiation doses is desirable. The thiolsulphonate 
exhibited low toxicity and negligible protection at pH 4 where it is reason
ably stable, possibly because of non-absorption or metabolisation under 
these conditions. Finally, the rather high radiation-sensitivity of this 
micro-organism deserves comment. This is implicit in Dewey’s observa
tions and is confirmed by our finding of an LD50 of 1,490 rads, compared 
with about 3,500 rads for E. coli B/r (Kohn & Gunter). This makes for 
certain advantages (e.g. minimisation of endogenous anoxia) in studies at 
low doses such as those here described.
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A note on the alkaloidal content of Datura innoxia 
Miller
C. S. SHAH AND P. N. KHANNA*

Hyoscyamine, hyoscine and meteloidine have been found in the leaves, herbs and 
roots of D. innoxia Miller, but only hyoscyamine and hyoscine are present in 
flowers, pericarps and seeds. In addition, the roots contain 7-hydroxy-3,6-ditigloyl- 
oxytropane, (-)-3a,6/3-ditigloyloxytropane, tropine and psewifotropine. All the 
parts of the plant contain a higher percentage of hyoscyamine or hyoscyamine and 
meteloidine mixture than of hyoscine.

W ILD Datura innoxia Miller is found growing widely in India. It is 
more abundant than Datura metel and Datura metal var fastuosa, 

which is official in the Pharmacopoeia of India (1955). The leaves of
D. innoxia are reported to contain about 0-5% (-)-hyoscine (Trease, 
1961). The total alkaloids in leaves, stems, roots, fruits and seeds of
D. innoxia from Latin America have been reported (Gerlach, 1948) and 
also for the leaves, fruits and seeds from Punjab, India (Wealth of India,
1952). Evans & Partridge (1953) found hyoscine to be the main alkaloid 
in the leaves; hyoscyamine and meteloidine were also present. 
Steinegger & Gessler (1955) determined the alkaloidal pattern in leaves, 
stems and roots of D. innoxia, for the study of the relation between 
hyoscyamine and hyoscine at different stages of development of the 
plant. Evans & Wellendorff (1959) determined the percentages of 
individual alkaloids of roots of samples from Pakistan, from England 
and English grown plants from Texas seeds.

One year old plants growing on the college campus were used. They 
were authenticated by comparison with the description given by Santapau 
(1947). The individual alkaloidal content of D. innoxia growing in 
India has not previously been reported.

Methods and results
The method of Evans & Partridge (1952) was used for the extraction 

of total alkaloids, and the separation of individual alkaloids in the aerial 
parts was achieved according to the modified method of Evans & Pe Than 
(1962). Roots were examined using the method of Evans & Wellendorff
(1959). Estimations were made according to Evans & Partridge (1952). 
The identities of alkaloids were confirmed by paper and thin-layer 
chromatography using pure substances for reference.

Hyoscine was confirmed in the ether fraction by paper chromatography 
(Evans & Pe Than, 1962). From the chloroform fraction, the spot on 
the paper chromatogram corresponding to hyoscyamine was eluted with 
ethanol, spotted on to thin-layer plates (8 in. x 8 in.) prepared of

From the Department of Pharmacognosy, L. M. College of Pharmacy, 
Ahmedabad, 9, India.

* Senior research fellow under C.S.I.R. Scheme.
115



C. S. S SHAH AND P. N. KHANNA

aluminium oxide G nach Stahl and developed with a mixture of chloro
form : ethanol (1:1). Two spots were found, in the chloroform extracts 
of roots, leaves and herbs, one corresponded to hyoscyamine anc the 
other to meteloidine. Seeds, pericarps and flowers showed only one 
spot corresponding to hyoscyamine.

7-Hydroxy-3,6-ditigloyloxytropane and (-)-3a6/3-ditigloyloxytropane, 
in the light petroleum (60-80°) fraction, were confirmed on thin-layer 
plates (8 in. x 8 in.) prepared from aluminium oxide G nach Stahl and 
developed with ether.

Tropine, in the ammoniacal chloroform fraction, was confirmed by 
descending paper chromatography (Schwarting, 1963) on Whatman No. 1 
paper, loaded with 0-5m KC1 and developed with butanol: HC1 (98:2) 
saturated with water. Tropine base, prepared according to the method 
of Youngken & Underhill (1962), served as a reference compound. On 
this paper chromatogram another spot corresponding in Rf to pseudo- 
tropine was found (Schwarting, 1963).

Spots on the paper chromatograms were developed by modified 
Dragendorf’s reagent (Block, Durrum & Zweig, 1958), while iodine in 
carbon tetrachloride was used for the thin-layer chromatograms.

The results of the quantitative estimation of individual alkaloids are 
recorded in Table 1. This shows that all parts of the plant contain a

TABLE 1. distribution of principal alkaloids in Datura innoxia miller

I I I I I I IV V

L e a f 0-564 0-031 0-270 0 -2 7 6 f
F lo w e r  . . 0-517 0-029 0-130 0-364
H e rb 0-601 0-032 0-276 0 -3 0 6 f
Seed 0-319 0-022 0-091 0-210
P e r ic a rp 0-146 0-028 0-033 0-087
R o o t 0-610 0-106* 0-133 0 -3 6 0 f 0-016

I  : T o ta l  a lk a lo id s  c a lc u la te d  a s  h y o scy am in e .
I I  : A lk a lo id s  w ith  h ig h  R f  v a lu es  c a lc u la te d  as  h y o scy am in e .
I I I  : H y o sc in e .
IV  : H y o sc y a m in e /a tro p in e .
V  : T ro p in e  a n d  pseudotro p in e . A ll % .

* : M ix tu re  o f  (-)-3 cc6(3 -d itig loy loxy tropane a n d  7 -h y d ro x y -3 ,6 -d itig lo y lo x y tro p a n e
c a lc u la te d  a s  7 -h y d ro x y -3 ,6 -d itig lo y lo x y tro p a n e . 

t  : M e te lo id in e  p re s e n t w ith  h y o scy am in e .

higher percentage of hyoscyamine or hyoscyamine and meteloidine 
mixture than of hyoscine. The higher percentage of hyoscyamine 
or the hyoscyamine-meteloidine mixture agrees with the observations 
of Steinegger & Gessler (1955) and the higher percentage of hyoscyamine 
and meteloidine mixture in the roots agrees with the findings of Evans & 
Wellendorff (1959).

Acknowledgements. We thank the Council of Scientific and Industrial 
Research for granting funds and facilities, Dr. W. C. Evans, Noxtingham, 
for the supply of 7-hydroxy-3,6-ditigloyloxytropane and (-)-3a6j8- 
ditigloyloxytropane picrates and M/s.E. Merck, Germany, for the gift 
of aluminium oxide G nach Stahl for thin-layer chromatography.

116



ALKALOIDAL CONTENT OF DATURA INNOXIA

References
Block, R. J., Durrum, E. L. & Zweig, G. (1958). P a p e r  C h r o m a to g r a p h y  a n d  

P a p e r  E le c tr o p h o r e s is , 2nd ed., p. 361. New York: Academic Press, Inc.
Evans, W. C. & Partridge, M. W. (1952). /. P h a r m . P h a r m a c o l., 4, 769-780. 
Evans, W. C. & Partridge, M. W. (1953). N a tu r e , L o n d ., 171, 656.
Evans, W. C. & PeThan, M. (1962). J .  P h a r m . P h a r m a c o l., 14, 147-155.
Evans, W. C. & V/ellendorff, M. (1959). J .  c h e m . S o c . ,  1406-1409.
Gerlach, G. H. (1948). E c o n . B o t. ,  2 , 436-454.
P h a rm a c o p o e ia  o f  In d ia , 1955, 1st ed., Government of India Press, Calcutta, p. 169. 
Santapu, M. (1947). B o m b a y  N a t .  H is t .  S o c . ,  657-659.
Schwarting, A. E. (1963). L lo y d ia , 26, 258-272.
Steinegger, E. & Gessler, F. (1955). P h a r m . A c ta  H e lv e t . , 30, 115-123.
Trease, G. E., A  T e x t  B o o k  o f  P h a r m a c o g n o s y  (1961), 8th Ed., p. 488. London: 

Baillière, Tindall and Cox.
W e a lth  o f  In d ia , R a w  M a te r ia ls  (1952). Council of Scientific and Industrial 

Research, New Delhi, Vol. Ill, p. 17.
Youngken, H. W. Jr. & Underhill, E. W. (1962). J . p h a r m . S e i . ,  51, 121-125.

117



LETTERS TO THE EDITOR, J. Pharm. Pharmacol., 1965, 17, 118

Letters to the Editor
Reactivity of Wistar rats to dextran

S ir ,— The inflammatory anaphylactoid reaction produced in rats by the 
single ir.traperitoneal injection of dextran is mediated chiefly through a release 
of 5-hydroxytryptamine and histamine (Parratt & West, 1957). Recently, 
Harris & West (1963) found that not all rats of the Wistar strain react to this 
injection although the concentrations of histamine and 5-hydroxytryptamine 
in the skin of rats not reacting are similar to the concentrations in the skin of 
those reacting. Non-reactivity has since been shown to be a genetically- 
controlled recessive character (Harris, Kalmus & West, 1963). In the present 
work, we have found that rats obtained from one Wistar colony now contain 
the non-reactivity gene at a much higher frequency than when it was last 
reported. The cause of the frequency change has not so far been elucidated.

Wistar albino rats from random-mated stock of the Agricultural Research 
Council, Compton were injected with dextran (Intradex, Glaxo) according to 
the method of Harris & West (1963) and divided into two types: those which 
showed the anaphylactoid reaction consisting of gross oedema of the extremi
ties (hereinafter called Reactors) and those which did not react (called Non
reactors). Although in January 1963 the percentage of non-reactors was similar 
to that found in the previous 4 years, by April 1963 more than half of the 
animals tested at each time failed to give the anaphylactoid reaction. The 
percentage of non-reactors reached above 80% of the total by September 1963 
and has since remained at this level. These results are shown in Table 1.

TABLE 1. THE CHANGE IN PERCENTAGE OF NON-REACTOR WISTAR RATS OBTAINED 
FROM A.R.C., COMPTON, BETWEEN 1962-64

Y e a r M o n th
N o . o f  r a ts  

te s te d

N o n -re a c to rs

N o . fo u n d P e rc e n ta g e

1962 U p  to  O ct. 2 ,600 573 22
1963 J a n .- F e b . 150 36 24

A p r il- J u n e 405 206 51
S e p t.-N o v . 179 148 83

1964 J a n .- F e b . 170 136 80
M a rc h -A p r i l 214 181 84
M a y -J u n e 252 219 87
J u ly -S e p t. 110 90 82
O c t.-N o v . 500 401 80

T o ta l  s in ce  S e p te m b e r  1963 1,425 1,175 82

To maintain more than a 4 to 1 ratio in favour of non-reactivity which is a 
recessive character, it can be predicted that most of the reactors now being 
supplied are hetero2ygotes and carry the non-reactor gene. By selective 
breeding, this has proved to be so. Table 2 shows the results of various matings 
between reactors and non-reactors. The percentages of non-reactors found in 
the offspring are very close to those expected if the present reactors are mostly 
heterozygotes. It is hoped that these results will stimulate biologists to check 
their animal material for reactivity before attempting to determine the anti
inflammatory activity of a new compound by its ability to suppress the dextran 
anaphylactoid response.
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TABLE 2. THE RESULTS OF VARIOUS MATINGS TO SHOW THAT THE REACTORS ARE 
PREDOMINANTLY HETEROZYGOTES

M a tin g L itte rs
O ffsp rin g  

( F x g e n e ra tio n )

N o n -re a c to rs

N o . fo u n d P e rc e n ta g e %  ex p e c ted *

R e a c to r  x  R e a c to r 10 123 26 21 25
R e a c to r  x  N o n -re a c to r  . . 4 45 24 53 50
N o n - re a c to r  x  N o n -re a c to r 4 37 37 100 100

* %  e x p e c ted  is  th e  m a x im u m  n u m b e r  o f  n o n - re a c to rs  e x p e c ted  i f  th e  p a re n t  r e a c to r  is  a  h e te ro z y g o te .
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Sympathomimetic amines and vascular permeability

S ir ,—Both dextran and egg-white increase vascular permeability when injected 
intradermally into rats and produce oedema when given subcutaneously into 
the plantar region of the foot. These reactions are prevented when large doses 
of adrenaline and noradrenaline are injected intravenously a short time before 
the dextran and egg-white (Parratt & West, 1958). A study has now been 
made of the relative activities of some sympathomimetic amines given intra
dermally in inhibiting these changes in vascular permeability.

Male Wistar albino rats obtained from Bengers Ltd., Holmes Chapel, were 
injected intravenously with azovan blue dye (7 mg/kg) and then given dextran 
(Intradex, Glaxo) intradermally into the ventral abdominal skin (100 /xg/OT ml) 
and subcutaneously into one hind paw (6 mg/kg). In other areas of the abdo
minal skin, the dextran, mixed with varying amounts of the isomers of adrenaline, 
noradrenaline and isoprenaline, was injected in volumes of 0T ml whilst the 
other hind paw received dextran and one of the amines. (-)-Adrenaline was 
effective in doses of 1 /xg intradermally and 5 /xg subcutaneously. The relative 
activities of the other amines are shown in Table 1. Inhibition of the egg- 
white responses was also tested and found to be similar to that of dextran.

As (-)-noradrenaline is much less active than (-)-adrenaline, vasoconstriction 
does not appear to play an important role in these vascular permeability changes. 
The effect on carbohydrate metabolism is more likely since the relative activities 
of the amines are related to their ability to produce hyperglycaemia; in addition, 
exogenous glucose prevented both the dextran and egg-white responses. Brady- 
kinin release may also be involved in these responses, and when the action of
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bradykinin was tested the relative inhibitory activities of the sympathomimetic 
amines were similar to those recorded in Table 1. However, the doses used
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TAELE 1. INHIBITION OF THE DEXTRAN RESPONSE IN RATS BY SYMPATHOMIMETIC 
AMINES

R o u te  o f  
in je c t io n  o f  

d e x tra n

D o s e  o f  a m in e  p ro d u c in g  in h ib itio n  
( ( - ) -a d re n a lin e  = 1 )

(- j-)-a d re n a lin e ( — )-n o ra d re n a lin e ( + )-n o ra d re n a iin e (  ±  )- iso p re n a lin e

In tra d e rm a l 
S u b c u ta n e o u s . .

10
9

9
10

90
95

490
500

were much smaller; for example, 0T /xg adrenaline was effective when given 
with or 10 min before the bradykinin dose (0-1 /xg). In contrast, exogenous 
glucose exerted only a feeble inhibitory action on the bradykinin response.

Recently, Aschheim & Zweifach (1964) showed that intradermal adrenaline 
followed by the external application of xylene rendered rat skin resistant 24 hr 
later to intradermal injections of histamine liberators such as compound 48/80. 
They considered that the adrenaline-xylene treatment was both efficient and 
reliable as a method for depleting the skin of vasodilator amines. This is 
unlikely as we have found little release of histamine from the skin under this 
treatment. Moreover, when similar experiments were made with other sym
pathomimetic amines, the relative activities were very close to those shown in 
Table 1. Noradrenaline was much less active than adrenaline (minimum 
dose used was 0T /xg), and isoprenaline was almost without effect. As with 
the bradykinin response, exogenous glucose had only a feeble action on the 
adrenaline-xylene treatment. It is possible that xylene inhibits the formation of 
bradykinin and adrenaline inhibits the action of free bradykinin, or that the 
adrenaline-xylene treatment fixes the tissue mast cells for a period of time.

Finally, we have evidence that adrenaline is more active than noradrenaline, 
and much more active than isoprenaline, in preventing the effects of thermal 
injury in rats (45° for 30 min). In these experiments, the sympathomimetic 
amines were given in divided doses to maintain suitable tissue levels and so 
prevent the effects of the bradykinin which is known to be released when hind 
paws of rats are kept at this temperature.

These experiments illustrate that adrenaline and possibly noradrenaline are 
likely to act as local anti-inflammatory hormones in the tissues, thereby control
ling the development of inflammation resulting from injuiy.

Department of Pharmacology,
School of Pharmacy,
University of London,
29/39, Brunswick Square,
London, W.C.l.
December 17, 1964 
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Degraded carrageenan and histamine-induced parietal 
cell hyperplasia in the guinea-pig

S ir ,— R epeated  adm inistration  o f  a depot injection  o f  h istam ine acid phosphate  
to  the guinea-pig w ill cause a parietal cell hyperplasia o f  the gastric m ucosa  
(C ox & Barnes, 1945). Sulphated polysaccharides w ill reduce the vo lum e and  
acidity o f  gastric ju ice secreted by guinea-pigs treated w ith  depot h istam ine  
(A nderson , M arcus & W att, 1962). T he parietal cell is believed to  be the acid  
secreting cell o f  the stom ach and w e report the results o f  an exam ination  o f  the  
effect on  the developm ent o f  this h istam ine-induced  hyperplasia in the guinea-pig  
o f  the sulphated polysaccharide degraded carrageenan (Ebim ar, E vans M edical 
L td.) (A nderson, 1961) given at the sam e tim e.

M ale a lb ino guinea-pigs, 475 ±  50 g w eight, m aintained on  a cube and  
cabbage diet were used in three groups: group A , contro l; group B received  
i.m . injections o f  h istam ine acid  phosphate suspended in beesw ax (10%)—  
arachis oil, 1 0 m g/k g  thrice w eekly for four w eek s; group C received the sam e  
d ose o f  h istam ine but had  a 5% so lu tion  o f  degraded carrageenan ad lib. in  
place o f  the drinking w ater given to  the other groups. A t the end  o f  the  
experim ent the anim als were killed and the stom achs rem oved.

Parietal cell counts were m ade by the m ethod  used by C ox & Barnes (1945) 
as m odified  by M arks (1957); stain ing w as according to  M arks &  D rysdale  
(1957). D uring  processing, shrinkage o f  the strips contain ing the parietal cells 
occurred, but this w as assum ed to  be constant in  both  directions and in strips 
obta ined  from  all three p osition s (greater curvature (posterior and  anterior  
w alls) and  lesser curvature) and w as, therefore, ignored. 18 to  24  counts were 
m ade and averaged for the num ber o f  parietal cells occurring from  the surface 
to  the base o f  the m ucosa in the representative strips 0-1 m m  w ide and 8 /x 
thick. T he nuclear diam eter averaged 6-7 [jl for all three groups. Parietal cell 
counts for each stom ach were calculated  in  m illions per kg total b od y  w eight. 
T he results (T able 1) indicated that degraded carrageenan prevented the  
developm ent o f  the h istam ine parietal cell hyperplasia, although there is still a  
significant rise in parietal cell num bers (t — 2-61; P <  0  05).

TABLE 1. THE REDUCTION OF HISTAMINE PARIETAL CELL HYPERPLASIA IN GUINEA- 
PIGS BY DEGRADED CARRAGEENAN

Group
No. of 
animals

Average body 
weight 

g

Parietal cell 
count

millions per kg
A 6 505 187

/ = 27-3; P < 0 001
B 6 495 238

/ = 2-50; P < 0 05
C 5 492 196

G roup  A  w as con tro l; group B  received h istam ine i.m .; group C received  
histam ine and 5% so lu tion  o f  degraded carrageenan in  p lace o f  drinking water, 
consum ing an average o f  64 m l per an im al per day.

In  another contro l group o f  tw o  anim als w h ich  received on ly  degraded  
carrageenan ad lib. (no  h istam ine) the parietal cell cou n t w as unaltered after 
on e m on th  (187-0 x 10® parietal cells per k g ; average daily  intake o f  5% 
so lu tio n  o f  degraded carrageenan, 59 m l).
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A t death there w as n o  evidence o f  peptic u lceration in any group. T his 
absence o f  u lceration  w ith a dose o f  histam ine w hich produced peptic ulcers 
in  fasted susceptib le anim als is, w e believe, due to  the continuous presence o f  
fo o d  in the stom ach. T he stom achs in group B appeared to  be larger in  s i tu  
at death, a lthough  after fixation  and preparation for photography, the stom ach  
areas per kg b od y  w eight o f  the different groups were n ot significantly different.

A lthough  the histam ine hyperplasia is less w hen degraded carrageenan is 
adm inistered the num ber o f  parietal cells is n o t reduced below  the norm al level 
in group C and the effect, therefore, appears n o t to  be one o f  general parietal 
cell toxicity.

E vidence w hich suggests the possib ility  o f  a hum oral action  o f  degraded  
carrageenan has been fou n d  (A nderson  & Som an, 1963) in  guinea-pigs prepared  
by high duodenal ligation , w here the sulphated polysaccharide, introduced  
distal to  the ligature, dim inishes histam ine-stim ulated  gastric secretion. In the 
present experim ents the sam e m echanism  cou ld  operate.

Sulphated polysaccharides adhere to the stom ach m ucosa by com bin ing w ith  
the protein  and m ucoprotein  o f  m ucin in  acid cond itions. D uring h istam ine  
stim ulation  the parietal cell w ill, in its hyperactive state, be associated  w ith  an  
unusually h igh hydrogen io n  concentration  w hich w ill favour such reaction in 
the v icin ity  or even on  the surface o f  these cells, perhaps to  an extent sufficient 
to  interfere w ith  their m ultip lication .
D epartm ent o f  Pharm acy, W . A n d e r s o n

U niversity  o f  Strathclyde, P. D . S o m a n
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Effect of y-aminobutyric acid upon strychnine convulsions
Sir ,— It has been dem onstrated that y -am inobutyric acid ( g a b a )  applied  to  the 

surface o f  the cerebral cortex o f  several anim al species protects the anim als from  
electrically or chem ically  induced seizures (Purpura & G rundfest, 1956; Purpura, 
G irado & G rundfest, 1957). Furtherm ore, several investigators have dem on
strated that acute adm inistration  o f  g a b a  parenterally protects anim als from  
electrically and chem ically  induced seizures (H aw kins & Sarett, 1957; M cL ennan, 
1957; 1958).

In the course o f  our experim ents, w e found that parenterally adm inistered  
g a b a  (3 0  g/kg) failed to  afford im m ediate protection  to  rats from  electrically  
induced seizures and a lso  strychnine seizures. P ylkko & W oodbury (1959) 
dem onstrated  that the C D 50 o f  strychnine was increased in  rats pretreated w ith  
g a b a  72 hr before treatm ent w ith  the convulsant. T his observation  prom pted u s  
to  study further the tim e course o f  the protective properties o f  g a b a  against 
strychnine seizures.

M ature m ale a lb ino H oltzm an rats were used. y-A m inobutyric acid  and  
strychnine sulphate were d issolved in  saline and given intraperitoneally. T he
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anim als were pretreated w ith 3 0  g /k g  g a b a ; and strychnine w as adm inistered  
adm inistered 30 m in, 1, 2, 3, 4, and 15 days after gaba  and the C D 50  values for 
these anim als determ ined (C D 5 0 ,) according to  L itchfield & W ilcoxon  (1949). 
T he C D 50  values for strychnine were calculated  at the sam e tim e intervals for 
rats n o t pretreated w ith gaba  (C D 5 0 3). T he p oten cy  ratio (P R  =  CDSOj/ 
C D 5 0 2) and the fp.R . were calculated by the m ethod  o f  L itchfield & W ilcoxon
(1949).

TABLE 1. THE EFFECT OF GABA ON CD50 OF STRYCHNINE
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W eight
(g)

N um ber
o f

rats

C D 50X 
w ith  GABA 

m g/kg

N um ber
o f

rats

C D 502
w ithou t gaba 

m g/kg
Potency ratio  

C D 5 0 1/ C D 5 0 S fp.R.

112-128 18 i  h r  after gaba : 
1-9 (1 -7 -2 1 )

18 2-6 (2-3-2-9) 0-7 (0-6-0-8) 1-2
130-188 18 1 day after gaba : 

2-9 (2-5-3-4)
18 2-4 (2-1-2-8) 1-2 (0*9-1 -6) 1-3

124-152 18 2 days after gaba : 
2-8 (2-5-3-1)

18 2-7 (2-4-3-0) 1-0 (0-8-1-2) 1-2
86-114 18 3 days after gaba : 

2-5 (2-3-2-7)
18 2-0 (1-8-2-2) 1-3 (1*2-1 -4) M

117-134 18 4 days after gaba : 
2-8 (2-5-3-2)

18 2-5 (2 3-2-7) 1-1 (0-9-1-3) 1-2
180-237 18 15 days after gaba : 

3-3 (2-9-3-7)
18 2-7 (2-4-3-1) 1-2 (11 -1 -3 ) 1-1

T he results are show n in T able 1. It is evident that 3 and 15 days after gaba  
adm inistration  the C D 50  o f  strychnine was elevated  significantly.

It has been estab lished  by E ccles (1956) that strychnine selectively b locks the 
inhibitory synaptic transm ission  in the central nervous system . T herefore it is o f  
interest that the convulsant activity o f  strychnine is altered 3 and 15 days after a 
single dose o f  g a ba .

A t the present, how ever, it has n o t been established w hether gaba  blocks  
excitatory synapses or enhances inhibitory transm ission  in  the central nervous 
system . Furtherm ore, it still rem ains to  be determ ined if  gaba  alone or a 
m etabolite  o f  it is responsib le for the postu lated  inhibitory effects o f  this am ino- 
acid. I f  the elevation  o f  the C D 50  o f  strychnine 3 and 15 days after gaba  is due 
to  this a m in o-acic , the observations presented seem s to  indicate that gaba  has a 
lon g  onset o f  action  as an inhibitory agent. W hether gaba  alone or a m etabolite  
o f  it is responsib le for th is p h enom enon  also  rem ains to  be determ ined.

H azleton  L aboratories, Inc. H e in z  S orer

P.O . B ox  30 O lavi P y l k k o
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Timing of therapy in experimental poisoning with 
organophosphorus compounds

Sm ,— In previous studies on  experim ental therapy o f  acute p o ison in g  w ith  
organophosphorus com pounds in  rats using pralidoxim e and  atropine (Sanderson  
&  E dson , 1959; Sanderson, 1961), som e o f  the results suggested  that intraperi
toneal injection  o f  pralidoxim e and atropine together im m ediately  after oral 
adm inistration  o f  som e organophosphorus com p ou n d s gave less benefit than  
either drug separately. W ith  certain o f  the com pounds, n otab ly  m orphoth ion , 
this treatm ent brought ab ou t a  w orsening and acceleration  o f  anticholinesterase  
effects and m ortality, during the first h a lf hour on ly , w hich exceeded the effects 
produced  by the organophosphorus com p ou n d  alone. T hese effects d id  n ot  
occur w hen m orphoth ion  w as given intraperitoneally , or w hen  treatm ent w as 
w ith  atropine or pralidoxim e alone.

A s this observation  cou ld  have im portant im plications in  therapy for  organo- 
ph csp h oru s p o ison in g  in  m an, these findings have n o w  been re-exam ined. In  
the present experim ents, therapy in  rats w as delayed in  som e anim als until the  
onset o f  tox ic  effects, thus confirm ing organophosphorus p oison ing , otherw ise  
the m ethods were unchanged (Sanderson, 1961). T he results o f  these experi
m ents are sum m arised in  T able 1. A s previously  found, a com bination  o f  pralid
oxim e and atropine given im m ediately caused  accelerated anticholinesterase  
effects w hich were usually  lethal, w hile treatm ent w ith  atropine a lone, or in  
com bination  w ith pralidoxim e, delayed till onset o f  effects, was beneficial.

T hus w hile harm ful effects can arise w ith  the com bined  pralidoxim e-atropine  
therapy for p o ison in g  if  th is therapy is begun before the onset o f  sym ptom s, these

TABLE 1. EFFECT OF ATROPINE AND ATROPINE/pRALIDOXIME THERAPY ON MALE RATS 
GIVEN ORAL MORPHOTHION

Treatment
group

First
injection

Deaths 
in test 
period

Time of 
onset

Time of 
deaths Observat ons

I None (control) — 5/6 30 min 8-23 hr Normal slow anticholinesterase 
action

II Atropine A Immediately 
after morpho
thion

2/6 35 min 8̂ —23 hr Good control of secretions ; 
general condition improved.

B After onset of 
of poisoning

1/6 30 min 9-23 hr Similar to previous group

III Pralidoxime 
+ atropine A Immediately 

after morpho
thion

5/6 5-8 min 15 min 
—44 hr

Rapid development of severe 
anticholinesterase effects, with 
4 deaths in first 20 min, then 
recovery apparently complete 
after 45 min and recurrence as 
treatment wore off

B After onset of 
poisoning

2/6 35 min 9-23 hr Recovery apparently complete 
in 60 min, then recurrence as 
treatment wore off, becoming 
marginally better than Group 
IIB

Doses: morphothion, 300 mg/kg orally; atropine sulphate, 17-4 mg/kg, and pralido
xime iodide, 100 mg/kg, i.p. repeated after 4 hr, then given s.c. at 8 and 24 hr.
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effects are n o t seen w hen  treatm ent w ith  the com bination  is delayed until the  
onset o f  sym ptom s.
M edical D epartm ent, D . M . S a n d e r s o n

C hesterford Park R esearch Station,
N r. Saffron W alden, Essex.
D ecem ber 11, 1964.
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Ethanolamine and anaphylactic shock
S ir ,— A s is w ell know n, m epyram ine and other antih istam ines protect 

guinea-pigs against anaphylactic shock. Sm ith (1961) has reported that 
ethanolam ine a lone has n o  protective effect but potentiates the protective effect 
o f  m epyram ine. In  addition , he m ade experim ents w ith  guinea-pig ileum  and  
suggested  that ethanolam ine inhibits the S R S -A  liberation  in  anaphylaxis. 
B ecause o f  the fundam ental interest o f  his observations w e have repeated the  
protection  experim ents w ith the sam e m ethod  (H erxheim er, 1952), giving  
m epyram ine and e thanolam ine intram uscularly before the anim als were shocked . 
T he results were calculated  according to  the m ethod  o f  A rm itage, H erxheim er & 
R osa  (1952) w hich differs som ew hat from  the calcu lation  o f  Sm ith in  the m athe
m atical expression  o f  the protection  but leads to  com parable conclusions. T he  
T able show s that the com bination  o f  ethanolam ine and m epyram ine has no  
greater protective effect than m epyram ine a lone. It even appears that the  
com bination  o f  1-0 and 0-05 m g m epyram ine w ith  20 m g o f  ethanolam ine  
protected  less than m epyram ine a lone. T he anim als were fed  w ith  pellet fo o d  
con ta in in g  add itional ascorbic acid  supplem ented  w ith  hay.

W e therefore are unable to  confirm  the results reported by Sm ith.
TABLE 1 . EFFECTS OF ETHANOLAMINE AND MEPYRAMINE IN PROTECTING GUINEA-PIGS 

FROM ANAPHYLATIC SHOCK
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Ethanolamine 20 mg/kg Mepyramine 0 01 mg/kg
Mepyramine 0-01 mg/kg

x = 30 — P > 0-35 -» x = 32-5
n = 14 n = 44

s.e. = 49 s.e. =  4-5
Ethanolamine 20 mg/kg Mepyramine 0-05 mg/kg'
Mepyramine C-05 mg/kg

x = 34-2 «-P < 0 001 x = 54-9
n — 42 n = 35

s.e. =  4-2 . s.e. — 2-9
Ethanolamine 20 mg/kg Mepyramine 10 mg/kg
Mepyramine 1 0 mg/kg

x = 68 *-P < 0 01 -*• x = 79-5
n = 9 n = 24

s.e. =  3-9 s.e. =  2-4

x = mean antianaphylactic protection in % (ranging from 0-100%) 
n = number of experiments 
s.e. = standard error
p = level of significance of difference between two results

R u d o lf  V irchow  K rankenhaus,
Berlin 65
D ecem ber 16, 1964
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Identification of norbormide, a new R a t tu s  specific rodenticide

S:r,— A  new  rodenticide, norborm ide [Shoxin, 5-(ot-hydroxy-a-2-pyridyl- 
benzyl)-7-(a-2-pyridylbenzylidene)norborn-5-ene-2,3-dicarboxim ide] has recently 
b ecom e com m ercially  available. It is claim ed that this substance is specific  
to  Rattus, and  has n o  harm ful effects on  dom estic anim als even w hen  
consum ed in  m assive quantities (R oszkow sk i, P o o s & M ohrbacher, 1964). 
A s it seem s likely  to  b ecom e w idely  used, its identification  w ill b ecom e a m atter  
o f  im portance in forensic science, and it w ill be necessary to  d istinguish it from  
other a lkaloidal com pounds o f  m ore general toxicity.

N orborm ide m ay be recovered from  b io log ica l m aterial in  the alkaline- 
ch loroform  fraction  o f  a Stas-O tto or sim ilar extraction  process. O n a citrate  
buffered paper chrom atogram  (Curry & P ow ell, 1954) it gives a  bright b lue  
fluorescent sp ot at R f  0-87, p ositive  w ith  iodoplatinate so lu tion  and w ith  
Dragon d oriF s reagent. On a th in-layer chrom atogram  [Silica gel-sodium  
hydroxide-m ethanol (Sunshine & F ike, 1964)] it gives a sim ilar sp ot at R f  0-84. 
T he ultraviolet spectrum  in 0T  n hydrochloric acid  show s m axim a at 300 m/x 
and 240 m/x, a  shoulder at 258 m/x and a m inim um  at 287 mju,. T he com p ou n d  
gives a b lue co lour w ith  am m onium  m olybdate/su lphuric acid  (Clarke & 
W illiam s, 1955), and dense yellow  rosettes, form ing slow ly, w ith platin ic  
chloride so lu tion  (C larke & W illiam s, 1955). T hese characteristics enable  
m icrogram  quantities o f  norborm ide to  be distinguished from  other basic  
com pounds.

D epartm ent o f  P hysio logy, E. G. C. C larke
R oyal V eterinary C ollege,
R oyal C ollege Street,
L ondon, N .W .l.
D ecem ber, 10, 1964
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Book Reviews
RESEARCH PROGRESS IN  ORGANIC-BIOLOGICAL AND MEDICINAL 
CHEMISTRY. E dited  by U . G allo  and L. Santam aria. V ol. 1. Pp. xvi +  
583. Società  E ditoriale Farm aceutica, M ilan , 1964. $19 00.

T his volum e, in itially  p lanned as a single dedicatory vo lum e to  the first 
centenary o f  the “ B ollettino  C him ico Farm aceutico” (1861-1961). appears 
as such, contain ing contributions on ly  by Italian  research scientists. It serves, 
also , as the first o f  w hat is to  be a series o f  volum es on  “ R esearch Progress in  
O rganic-B iological and M edicinal C hem istry” , inviting contributions on  an  
in ternational basis. W hilst the present vo lum e is especially  to  be w elcom ed  as a 
centenary volum e, m arking the contribution  o f  Italian scientists to  pharm aceuti
cal research and  to  research in  allied  subjects, the w isdom  o f  launching yet
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another international series o f  research reviews in  this field  is surely to  be ques
tioned . U nnecessary duplication  o f  effort is already n o t unknow n, and, 
regrettably, duplication  o f  pub lication  by the sam e authors in  different series. 
Such repetition  is w astefu l o f  scientific effort and  m ight w ell be avoided  by  
restriction to  a few  strictly-controlled  outlets for  publication  rather than their 
m ultip lication . It is to  be hoped , therefore, that th is new  series w ill be m arked  
by an  insistence on  originality and a  firm rejection o f  m aterial w hich has already  
appeared elsew here in  the sam e form .

T he present vo lu m e contains eleven  review s covering a variety o f  aspects 
o f  Ita lian  w ork  in  the field o f  m edicinal, pharm aceutical and pharm acological 
chem istry. B iochem ical studies are represented by a review  o f  tryptophan  
m etabolism  in  m an, w hich  includes a  short and useful account o f  analytical 
m ethods, but w hich  is m ainly devoted  to  a  consideration  o f  the relationship  
betw een  tryptophan m etabolism  and som e patholog ica l states. A  useful 
survey o f  the absorption, d istribution and  excretion  o f  vitam in B12 covers n ot  
on ly  intestinal absorption  by sim ple d iffusion and  intrinsic factor-facilitated  
diffusion, but a lso considers in  som e detail the nature and behaviour o f  vitam in  
B 12 binding factors. O ther review s survey in  considerable detail the iso lation  
and chem istry o f  such naturally-im portant substances as the acid-soluble  
nucleotides o f  fungi, ethers o f  steroidal horm ones, echinulin, and the rifam ycin  
fam ily  o f  antib iotics. T he review  o f  Italian  contributions to  the chem istry o f  
certain  a lkaloids o f  South  A m erican origin is d isap p o in tin g; m uch  o f  the w ork  
contributing to  the structure o f  these com plex  com pounds has been o f  an  
in ternational character, and  this n o  doubt accounts for  the rather unfortunate  
scrappy appearance o f  an account w hich is very largely concerned on ly  w ith  
Ita lian  w ork in  this field. In m edicinal chem istry, B ovet and R o sn a ti’s account 
o f  curarim im etics, w hilst repetitive o f  m any sim ilar previous accounts, is both  
log ica l and  acceptable in  this context, and  also delightful in  its sim plicity and  
clarity o f  exposition . Its concern in  som e detail, to o , w ith the p oten tiation  o f  
curarim im etics by S K F  5 2 5 -A , is b o th  critical and useful in  the new  stim ulus 
w hich it m ust give to  th ose interested in  the reversibility o f  curare-like drugs. 
T he account is m arred on ly  by som e con fu sion  in  nom enclature on pages 92  
and 93, w here C-curarine is occasionally  referred to  as curarine. A  review  o f  
azetid ines covers such im portant chem ical properties as acid and heat stability  
and  surveys a  range o f  pharm acological actions exh ib ited  by various com pounds  
o f  th is heterocyclic  type. T he survey o f  photodynam ic substances, w hich  are 
capab le o f  producing dam aging effect in  b io log ica l system s under the influence  
o f  light, is extrem ely valuable, n o t on ly  providing a chem ical classification  o f  
substances k now n to  produce such effects, but a lso  selecting certain groups such  
as the furocoum arins, the phenoth iazines and polycyclic  hydrocarbons for  fu ller  
discussion . T he m echanism  o f  photodynam ic actions and p hotodynam ic  
sensitivity in  cells and tissues are a lso  discussed. T he vo lum e is com pleted  by a 
contribution  o n  analeptics, w hich  is entirely pharm acological, including aspects 
o f  tox ic ity  pneum okinetic action , card iovascular effects and antagonism  w ith  
C .N .S . depressants.

C onsiderable credit is due to  the sk ill o f  the translators w h o  have produced  
the E nglish  translation, w hich, apart from  a few  m inor errors w hich give aw ay  
its Ita lian  origin (page 114 “ schem a” for “ schem e” ; page 158 “ oxigenated” for  
“ oxygenated” ; page 59 “ o .A m inoh ippuric acid” for “ o-A m inohippuric acid”—  
b oth  form s are u sed  on  this on e page) is very w ell presented, interesting, and easy  
to  read.

J. B. St e n l a k e
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M E D IC A L PH A R M A C O LO G Y . Principles and Concepts. By Andres Goth. 
Second edition. Pp. 585 (including Index). Henry Kimpton, London, 1964. 
88s.

The remarkable developments in the chemical and biological sciences during 
this century have led to the synthesis and clinical use of large numbers of potent 
drugs giving a measure of control of disease to an extent undreamed of even 
30 years ago. So complex is the present-day picture in terms of biochemistry, 
biophysics and physiology, that the task of relating what he is taught of the 
basic biological sciences to the rational, selective, clinical use of a synthetic drug 
is proving increasingly— and understandably— beyond both practitioner and 
student.

It would be wildly optimistic to suggest that today, a course of pharmacology 
could be given, or a book written which would enable the student to predict the 
therapeutic and toxic actions of a compound he has not met before. It is, 
however, possible to enable similar-acting drugs, especially those closely related 
chemically, to be compared and the claims of manufacturers to be logically 
assessed. Unfortunately the task is too seldom attempted. Dr. Gotir obviously 
has this objective in view and he meets with a measure of success. His book is, 
however, too short for him to be able to set out adequately what is known of the 
mode of action of drugs and at the same time discuss as fully as he does their 
clinical pharmacology and toxicology. The compass is only 547 pages which 
includes bibliographies, some of which are quite lengthy, and numerous well- 
drawn formulae and diagrams.

The layout and choice of subject-matter are disappointingly conventional, but 
chapters on poisons and antidotes and prescription writing, and sections on 
clinical pharmacology together with the general emphasis upon clinical applica
tion indicate the bias towards practical medicine. The commonly used drugs 
are all included and many new compounds are mentioned. The style is eco
nomical and the text clearly written.

There is a certain unevenness in the treatment. Thus adrenaline and nor
adrenaline receive adequate detailed discussion, histamine gets a chapter to 
itself, and 5-hydroxytryptamine most of another. Yet acetylcholine, a know
ledge of the properties of which is the surest foundation for a study of the 
pharmacology of the autonomic nervous system, is dealt with only scantily, and 
the information is scattered about the text. Too little attention is paid to the 
increasingly important biochemical and physicochemical theories of anaesthesia; 
it is not sufficient to refer the reader to a review published some 14 years ago or 
even to the recent original papers. It is surprising, too, that more is not said 
about the mode of action of the salicylates, while structure-activity relationships 
are given little space. Thus although the clinical aspects of the subject matter 
get due consideration, the reader is too often sent to the original literature or to 
a review article if he shows an interest in mechanisms of action. One other 
criticism is, that although the diagrams are well reproduced and show evidence 
of careful selection they are not always adequately dealt with in the text, and 
the legends frequently need expansion and clarification.

Nonetheless this book has a very great deal to commend it to the reader. 
It contains a surprising amount of information. It is readable and interesting, 
while the author takes a forthright but balanced view of the use of drugs. As 
a text it will appeal most strongly to the student of medicine in search of a short 
book. American nomenclature is used throughout, but British approved and 
official names are included and can be found in the index. It is well worth a 
place on the bookshelf.

J. J. Lewis
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P te r i d in e  C h e m is t r y
Proceedings of the Third International Symposium held at the Institul fur Organische Chemie der Technischen 
Hochschule, Stuttgart
Edited by W. Pfieidê er, Instilutfiir Organische Chemie der Technischen Hochschule, Stuttgart; and 
E. C. Taylor, Department of Chemistry, Princeton University.
Papers—in German and English—on the chemical and biological implications of natural 
product chemistry. Discussions following the presentation of the papers are included in this 
volume, and a comprehensive index is provided. Clemens Schopf, famous for his pioneering 
work in the investigation of these new natural dyestuffs in the 1920’s, presented the opening 
paper, covering .he beginnings of pteridine chemistry. Robert Purrmann, whose work led to 
the elucidation of the structure of the three most common pteridine pigments—leucopteria, 
xanthopterin, and isoxanthopterin—also participated in the symposium.
556 pages 100s. ($15.00)

T h e  C h e m is t r y  o f  t h e  A n t ib io t ic s  U sed  in 
M e d ic in e
R. M. Evans
This work contains a comprehensive account of the chemistry of all the clinically effective 
antibiotics, a de .ailed exposition of their structure, and in many cases the synthesis or partial 
synthesis of the product, or of structural analogues. The properties and structure of several 
microbial metabolites that have provoked interest by their anti-tumour activity are also described, 
and, where adequate evidence has been obtained, an outline is given of the potential biogenetic 
routes by which the antibiotics may be derived. Sections dealing briefly with the history, the 
clinical application and the sites and modes of action of the various antibiotics provide a 
background to the subject and afford an insight into the microbiological, biochemical and 
clinical aspects of these important therapeutic agents.
Commonwealth and International Library
Approx. 236 pages Approx. 21s. (Approx. $3.00)

D ru g  P r e s e n t a t i o n  a n d  P r e s c r i b i n g
W. R. L. Brown, Lecturer in Pharmacy, School of Pharmacy, University of London, and J. IV. Hadgraft, 
Chief Pharmacist, Royal Free Hospital, London; Lecturer in Pharmacy, Royal Free Hospital School of 
Medicine, University of London.
The first published work to provide a concise, easily assimilated account of drug presentation 
and prescribing alone—these subjects usually forming sections of larger, more expensive works 
on pharmaceutics. New formulations of drugs, such as aerosols and sustained release 
preparations, are included, and the information is presented with the needs of the prescriber in 
mind. The volume deals with prescription writing, discusses basic features of processes, and 
describes properties of finished products to enable the practitioner to select the most suitable 
ones for his particular purposes. Legal requirements, and economic aspects with particular 
reference to the National Health Service, are also covered.
Commonwealth and International Library
Approx. 120 pages Approx. 15s. (Approx. $2.95)

Offered for sale in the bookshops of

Robert Maxwell & Co. Ltd
4/5 Fitzroy Square, London W 1 122 East 55th Street, New York 10022
Waynflete Building, Oxford 24 Rue des Ecoles, Paris Ve
2/3 Teviot Place, Edinburgh 1 Kaiserstrasse 75, Frankfurt
2/3 Richmond Street, Glasgow
and at all reputable bookshops throughout the world.
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