
1124 Specialia EXPERII~NTIA 24/11 

Tetrazolium Salt: Antagonism of Acetylcholine-Induced Response on Frog's Rectus 

T e t r a z o l i u m  sa l t s  ~ a re  a g roup  of wa te r - so lub le  q u a t e r -  
n a r y  a m m o n i u m  c o m p o u n d s  w h i c h  a re  c o n v e r t e d  b y  
r e d u c t i o n  to  t h e  i n t e n s e l y  coloured,  gene ra l ly  w a t e r -  
inso luble  fo rmazans .  F o r  t h i s  p r o p e r t y  t h e y  h a v e  b e e n  
e x t e n s i v e l y  used as a n a l y t i c a l  r e a g e n t s  in  h i s to -  a n d  cy to -  
chemica l  works  to  loca te  c e r t a i n  e n z y m e s  2-*, sc reen  
c a d a v e r  k idneys  for  t r a n s p l a n t a t i o n  pu rposes  ~,6 a n d  for  
i m p r o v e d  reso lu t ion  of b a c t e r i o p h a g e  p l aques  v. These  
c o m p o u n d s  h a v e  also been  r e p o r t e d  to  be  successful ly  used 
for a s say ing  s t e ro ids  s,9, a n d  va r i ous  o t h e r  s u b s t a n c e s  ~0-~2, 
a n d  are  b e c o m i n g  of i n t e r e s t  to  worke r s  f rom va r ious  
discipl ines ,  

However ,  a s ea rch  of  t h e  r e l e v a n t  l i t e r a t u r e  fai led to  
r e v e a l  a n y  p r e v i o u s  r e p o r t  of  such  a m a j o r  effect  of 2: 3 :5  
t r i p h e n y l  t e t r a z o l i u m  chlor ide  (TTC), as  a n t a g o n i s m  of  
ace ty l eho l ine  response .  I n  t h i s  c o m m u n i c a t i o n ,  p re l imi-  
n a r y  d a t a  is p r e s e n t e d  sugges t i ng  ev idence  for  T T C be- 
h a v i n g  as a n  a c e t y l c h o l i n e  a n t a g o n i s t  o n  f rog 's  r ec tus  
a b d o m i n i s  muscle .  

The  rec tus  a b d o m i n i s  musc le  f rom Rana Hgrina was used  
in all  t h e  e x p e r i m e n t s .  A s t r ip  of t h i s  musc le  was  m o u n t e d  
in f rog -R inge r  solut ion,  t h r o u g h  wh ich  o x y g e n  w i t h  5% 
c a r b o n  d iox ide  was b lown.  E x p e r i m e n t s  were done  in a n  
a i r - cond i t i oned  room a t  a b o u t  26 °C. C o n t r a c t i o n s  were  
r eco rded  w i t h  a n  i so ton ic  lever  o n  a r o t a t i n g  s m o k e d  d r u m .  
T h e  load  on  t i s sue  was  b e t w e e n  0.5-1 g. I n  all  t h e  exper i -  
m e n t s  ace ty l cho l ine  was  in  c o n t a c t  w i t h  t h e  t i ssue  for  
35 sec. I t  was  t h e n  w a s h e d  out ,  t h e  p r e p a r a t i o n  g e n t l y  
s t r e t c h e d ,  t h e n  w a s h e d  again .  T i ssue  was  t h e n  lef t  for  
3 m i n  a n d  t h e  n e x t  a p p l i c a t i o n  of ace ty l cho l ine  was m a d e  
exac t l y  3 ra in  a f t e r  t h e  p r ev ious  one. I n  t h i s  t i m e  cycle  of 
3 rain,  a t o t a l  of 3 wash ings  was given.  T he  r e c o v e r y  of t he  
t i ssue  a f t e r  a d d i t i o n  of d rugs  was  comple te .  C o n t r a c t i o n s  
were  r eco rded  w i t h  g r a d e d  doses of aee ty l eho l ine  t i l l  a 
m a x i m u m  response  was accompl i shed  in absence  a n d  
p resence  of d i f f e ren t  a m o u n t s  of T T C  (BDH,  London) .  
TTC was  a lways  a d d e d  to  t h e  b a l k  45 sec before  a p p l y i n g  
ace ty lchol ine .  

TTC a n t a g o n i z e d  a c e t y l c h o l i n e - i n d u c e d  c o n t r a c t i o n s  on  
t h e  f rog ' s  r ec tus  a b d o m i n i s  musc l e ;  i n h i b i t i o n  d e p e n d i n g  
u p o n  i t s  c o n c e n t r a t i o n  in  t h e  t i ssue  b a t h  so lu t ion .  As  c a n  
be  seen in t h e  Figure ,  de f in i t e  a n t a g o n i s m  of  aee ty l cho l ine  
response  could  be  o b s e r v e d  a t  a c o n c e n t r a t i o n  of  T T C as 
low as 4 ~g /ml  of o r g a n  b a t h  solut ion.  I n  t h e  p resence  of 
r e l a t ive ly  lower  c o n c e n t r a t i o n  of TTC, m a x i m u m  response  
could be  r e s to red  b y  a p p l y i n g  h i g h e r  a m o u n t s  of ace ty l -  
chol ine,  caus ing  a para l le l  sh i f t  in t he  dose- response  curve ,  
sugges t ing  c o m p e t i t i v e  i n h i b i t i o n  of ace ty l cho l ine  re- 
sponse.  W h e n  t h e  c o n c e n t r a t i o n  of T T C  was r e l a t ive ly  
h igher ,  t i s sue  fa i led to  r e s p o n d  in a l i nea r  f a sh ion  r e su l t i ng  
in  t h e  depress ion  of r e sponse  curve ,  w h i c h  signifies n o n -  
c o m p e t i t i v e  i n h i b i t i o n  of ace ty lcho l ine .  A t  a c o n c e n t r a t i o n  
of 60 tzg/ml of  TTC, t i s sue  r e sponse  was c o m p l e t e l y  a n t a g o -  
n ized  u p  to  t h e  doses r e p o r t e d  in  t h e  Figure ,  

To ou r  knowledge,  t h i s  t y p e  of effect  seems  n o t  to  h a v e  
b e e n  r e p o r t e d  prev ious ly ,  a l t hough ,  bes ides  t h e i r  use as  
a n a l y t i c a l  reagents ,  t e t r a z o l i u m  sa l t s  are  b e i n g  found  to  
possess  va r i ous  b iochemica l  po t en t i a l i t i e s  1~-1s Be ing  elec- 
t r o n  accep to r s  12-x4, t h e y  h a v e  v e r y  r ecen t l y  been  ut i l ized 
to  i n t e r c e p t  e lec t ron  flow a t  k n o w n  si tes  of t h e  r e s p i r a t o r y  
chainX~ a n d  also h a v e  b e e n  r e p o r t e d  to  uncoup le  t he  oxi- 
d a t i v e - p h o s p h o r y l a t i o n  in r a t  l iver  m i t o c h o n d r i a  ~5. O t h e r  
s tud ie s  1e-is h a v e  s h o w n  t h e m  to  be  c a p a b l e  of s t i m u l a t i n g  
t h e  p e n t o s e - p h o s p h a t e  p a t h w a y  in asci tes  t u r n o u t  cells;  
a t  r e l a t i ve ly  h i g h e r  c o n c e n t r a t i o n  T T C  s t i m u l a t e d ,  a n d  in  
lower  c o n c e n t r a t i o n  i nh ib i t ed ,  t he  o x i d a t i o n  of glucose. 
Once  t h e  n a t u r e  of a n t a g o n i s m  of ace ty l cho l ine  r e sponse  
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Cumulative log-concentration response curves for aeetylcholine 
(Aeh). Graph describes the effect of 2:3:5 triphenyl tetrazolium 
chloride (TTC) upon the Ach-induced contractions of frog's rectus 
muscle. The ordinate is the percentage of maximal response attain- 
able with Ach, as TTC concentration is increased from zero. Concen- 
trations of TTC are mentioned with each curve. Each point on each 
curve is the mean of at least 7 separate experiments. Note the 
parallel shift in the curves for Ach caused by TTC at lower doses 
(4 × 10 -6 g/ml and 8 × 10 -6 gJmt), indicating that  TTC behaves as a 
competitive antagonist to Ach. The depression of the curves at 
higher concentrations signifies a non-competitive antagonism. 
Abscissa is tog scale of Ach-conccntration. 
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on  f rog 's  r ec tus  muscle  a n d  effect  of T T C on ac t ion  of 
d i f fe ren t  agon i s t s  on  o t h e r  musc le  p r e p a r a t i o n s  is 
es tab l i shed ,  a n  o p p o r t u n i t y  would  be  ava i l ab l e  to  sea rch  
for  a r e la t ionsh ip ,  if any ,  b e t w e e n  t h e  p h a r m a c o l o g i c a l  
effects  of TTC a n d  i t s  b iochemica l  ac t ions  1,-1,. However ,  
i t  shou ld  be  m e n t i o n e d  t h a t  s t r u c t u r a l l y  T T C possesses 
1 q u a t e r n a r y  n i t r o g e n  in t h e  t e t r azo l e  r ing,  genera l ly  a n  
e s s e n t i a l r e q u i r e m e n t  for  ace ty l cho l ine  an t agon i s t s .  F u t u r e  
i n v e s t i g a t i o n  would  disclose how  far  o t h e r  sa l t s  of t e t r a -  
zo l ium b e h a v e  d i f f e ren t ly  to  T T C 19. 

d ieser  E f f e k t  in h 6 h e r e r  Dos ie rung  als n i c h t k o m p e t i t i v  
erwies. 
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Zusammen[assung. E s  w u r d e  die W i r k u n g  eines T e t r a -  
zolsatzes (2 : 3 : 5, T r i p h e n y l - T e t r a z o l i u m - C h l o r i d )  au f  die 
d u t c h  Ace ty lcho l in  h e r v o r g e r u f e n e  K o n ~ a k t i o n  des  M. 
r ec tus  a b d o m i n i s  b e i m  F r o s c h  gepri i f t .  I n  verh~il tnism/issig 
n ied r ige r  Dos i e rung  ve rh i i l t  s ich  die S u b s t a n z  wie  e in  
k o m p e t i t i v e r  H e m m e r  des  Acety lchol ins ,  wAhrend  s ich  
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I m p a i r m e n t  of  G r o w t h  and  P a n c r e a t i c  H y p e r t r o p h y  in Rat s  Fed  T r y p s i n  Inh ib i tor  f r o m  R a w  P e a n u t s  

R a w  s o y b e a n  mea l  r e t a r d s  g r o w t h  in y o u n g  a n i m a l s  
causing,  a t  t h e  s a m e  t ime ,  p a n c r e a t i c  h y p e r t r o p h y  1-3. 
I n  ch icks  i m p a i r m e n t  of  g r o w t h  a n d  p a n c r e a t i c  h y p e r -  
t r o p h y  m a y  resu l t  f r om feeding of t h e  s o y b e a n  t r y p s i n  
i n h i b i t o r  (SBTI )  b u t  m a y  also occur  a f t e r  i nh ib i to r - f r ee  
mea l  ~,*. I n  r a t s  more  c o n s i s t e n t  changes  are  p r o d u c e d  b y  
S B T I ,  whi le  h e a t - i n a c t i v a t e d  p r e p a r a t i o n s  are  h a r m l e s s  n. 
The  m o d e  of s t i m u l a t o r y  ac t ion  is sti l l  u n k n o w n .  Feed ing  
of r aw  s o y b e a n  mea l  also p ro longs  b lood  coagu la t ion  in 
chicks  a, b u t  i t  seems un l ike ly  t h a t  t h e  inh ib i to r ,  be ing  a 
foreign pro te in ,  could  be  a b s o r b e d  in a m o u n t s  suff ic ient  
to  in f luence  coagu la t ion .  

A n o t h e r  t r y p s i n  inh ib i to r ,  e x t r a c t e d  f rom r aw  p e a n u t s  
(A ravhis hypogaea), was found  to  decrease  t h e  s p o n t a n e o u s  
t i b r i no ly t i c  a c t i v i t y  of b lood  in m a n  5,n a n d  to  e n h a n c e  
e x p e r i m e n t a l l y  i nduced  a r t e r i a l  d isease  in r a b b i t s  v. R a w  
p e a n u t  mea l  was  r e p o r t e d  to  i m p a i r  g r o w t h  in y o u n g  
pigs  s. I t  was, the re fore ,  of i n t e r e s t  to  see if t r y p s i n  in- 
h i b i t o r  f r ac t ions  f rom r aw  peanu t s ,  l ike S B T I ,  would  
r e t a r d  g r o w t h  a n d  p r o d u c e  p a n c r e a t i c  h y p e r t r o p h y  in  
y o u n g  ra ts .  

T h e  t r y p s i n - i n h i b i t o r  f r ac t i on  was  p r e p a r e d  f rom 
h e x a n e - d e f a t t e d  r a w  p e a n u t  mea l  ~. Assayed  a g a i n s t  crys-  
t a l l ine  t r y p s i n  (Novo Labora to r i e s ,  Copenhagen )  1 m g  of 
t h e  p e a n u t  f r ac t ions  n e u t r a l i z e d  a b o u t  0.07 m g  t ryps in .  
I n h i b i t o r - f r e e  p r e p a r a t i o n s  were o b t a i n e d  f rom so lu t ions  
k e p t  for 2 h in  a boi l ing  w a t e r b a t h  before  p r e c i p i t a t i o n  
w i t h  ace tone .  T h e  p e a n u t  i n h i b i t o r  is a s t r o n g e r  i n h i b i t o r  
of a c t i v a t o r - i n d u c e d  f ibr ino lys i s  t h a n  S B T I  1o T h e  prep-  
a r a t i o n s  were  fed to  wean l ing  ma le  r a t s  (25-30 g, Sprague-  
D a w l e y  s t r a in )  in  a dosage of 50 m g  d a i l y / a n i m a l  m i x e d  
in  P u r i n a  Chow. T h e  d r i n k i n g  w a t e r  c o n t a i n e d  1.0 m g  
ascorbic  a c i d / a n i m a l  pe r  day .  B o d y  w e i gh t s  were  r ecorded  
week ly  for  e ach  an ima l .  Af te r  6 weeks,  t h e  a n i m a l s  were  
k i l led  w i t h  e t h e r  a n d  t he  p a n c r e a s  care fu l ly  i so la t ed  a n d  
i ts  we t  w e i g h t  recorded .  All o t h e r  o r g a n s  were  i n spec t ed  
morpholog icMly .  P a r a f f i n  sec t ions  were  p r e p a r e d  f rom 
t h e  p a n c r e a s  a n d  a p p r o p r i a t e l y  s t a i n e d  ( H a e m a t o x y l i n -  
Eos in) .  T h e  re su l t s  of a c o m p a r a t i v e  a s say  w i t h  10 a n i m a l s  
in  each  g roup  are  p r e s e n t e d  in t h e  Table .  

T h e r e  was  a s ign i f i can t  r e t a r d a t i o n  of g r o w t h  a n d  a n  
inc rease  in  p a n c r e a s  w e i g h t  in  t h e  g roup  fed t h e  t r y p s i n  
i n h i b i t o r  f rac t ion .  I n  b o t h  cases t h e  p - v a l u e  was  less t h a n  

Body weights and pancreas weights in weanling rats fed trypsin- 
inhibitor fractions or heat-inactivated preparations from raw peanuts 

Inhibitor Heat-treated 
material material 

Original body 27.9 ± 1.8 28.1 4- 1.4 
weight (g) 25-30 25-30 

Finalbody 94.7 4. 14.5 114.5 4. 11.5 
weight (g) 70-126 94-130 

Gain in body 66.8 4- 14.7 86.4 4. 9.2 
weight (g) 56.3-95.0 65.4-103.3 

Pancreas 641 4- 56 421 4. 31 
weight (mg) 530-760 380480 

Ratio of pancreas 0.0068 0.0037 
to body weight 

10 aninlals in each group. Results expressed as.mean -4- standard 
deviation and with range. 
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