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I n  Lagocephalus, h e a t i n g  t h e  e x t r a c t  as  h i g h  as  170°C 
for  10 ra in  d id  n o t  d e t o x i c a t e  t h e  tox ic  s u b s t a n c e  in  t he  
or ig ina l  e x t r a c t  of  t h e  l iver,  musc le  a n d  tes t i s  (F igure  2). 
The re  were  ind ica t ions ,  however ,  t h a t  t h e  tox ic  effect,  
w i t h  s u b s e q u e n t  dea th ,  would  be  cons i de r ab l y  de layed.  
As expec ted ,  those  a n i m a l s  i n j ec t ed  w i t h  o v a r y  e x t r a c t  
showed  no a p p a r e n t  changes .  Wt l en  t he  h e a t i n g  pe r iod  
was p ro longed  to  60 ra in  i n s t ead  of 10, t h e  mice  rece iv ing  
musc le  e x t r a c t  (of Lagocephalus a n d  Fugu) i n j ec t ions  
showed  no obv ious  changes  a n d  s u r v i v e d  as  long as  
36 h,  sugges t ing  t h a t  d e t o x i c a t i o n  was p r o b a b l y  success- 
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Fig. 2. Relation of temperature and time survived by mice after 
injection. 

fuI ( a l t hough  those  r ece iv ing  l iver  e x t r a c t  died).  T h e  f ac t  
t h a t  t h e  musc le  c an  be  d e t o x i c a t e d  a t  120°C whi le  no  
a p p a r e n t  e f fec t  was  obse rved  w i t h  t he  l iver  e x t r a c t  
p rov ides  c i r c u m s t a n t i a l  s u p p o r t  to  t he  c o n t e n t i o n  t h a t  
the  t o x i n  is less c o n c e n t r a t e d  in t h e  muscle  t h a n  in the  
l iver.  I t  f u r t h e r  suggests  t h a t  i t  would  t a k e  longer  
(8 t imes  ?) to  d e t o x i c a t e  t h e  l iver  w h e n  t he  s ame  t em-  
p e r a t u r e  was  used.  Th i s  f i nd ing  on  t he  r e l a t i o n  of t e m -  
p e r a t u r e  a n d  t o x i c i t y  in  t h e  p r e s e n t  s t u d y  is in  a g r e e m e n t  
w i t h  t h a t  in Spheroides 5. 

I t  has  been  s h o w n  t h a t  t h e  O H -  g roup  a t  C a a n d  O -  
be tween  C s a n d  C10 of t e t r o d o t o x i n  are  p r o b a b l y  i m p o r t a n t  
f u n c t i o n a l  groups  so t h a t  changes  in these  e l i m i n a t e  
toxic i tya ,  L I t  is t e m p t i n g  to  sugges t  t h a t  p ro longed  
h e a t i n g  m i g h t  d ispose  of t h e  O H -  t h r o u g h  d e h y d r a t i o n  
a n d / o r  b r e a k  u p  t h e  oxygen  l ink  w i t h  C 5 a n d  Cx0. F u r t h e r  
s tud ies  a long  th i s  l ine  a re  b e i n g  p l a n n e d .  

Rdsumd. L'or ig ine  e t  la n a t u r e  p r o b a b l e  de  la tox ic i t6  
chez deux  esp~ces de po issons  (Fugu et  Lagocephalus) 
a 6t6 6tudi6e. Les  t issus  6num6r6s  d a n s  l ' o rd re  de tox ic i t6  
d6cro i s san t  son t  les gonades ,  le foie et  les muscles ,  avec  
une  dif f6rence en t r e  les d e u x  sexes,  les t i s sus  ma le  6 t a n t  
p lus  t ox iques  que  les t i ssus  femetles.  On a 61imin6 la  
tox ic i t6  p a r  un  t r a i t e m e n t  t h e r m i q u e  pro long~ e t  m a i n t e n u  

120°C. 
L. L. Y n ,  a n d  K. \V. C m u  

Department o[ Biology, 
The Chinese University o] Hong tfong, 
Hong Kong (B.C.C.), 3 November 1970. 

9 K. TSUDA, S. IKUMAN, M. KAWAMURA, R. TACHIKA~,VA, I{. SAKAI, 
C. TAMURA and O. AMAKASA, Chem. pharm. Bull., Tokyo 12, 1357 
(1964). 

I0 This work was financially supported by the Chinese University 
of Hong Kong, and thc micc were generously supplied by Dr. 
D. HUANG. 

Sul fhydryl  Group R e a g e n t s :  Effect on Intest inal  S m o o t h  Musc le  

Prev ious  work  in th i s  l a b o r a t o r y  h a s  been  a imed  a t  
o b t a i n i n g  more  i n f o r m a t i o n  on  t h e  a rea  s u r r o u n d i n g  t he  
an ion ic  sub-s i t e  of t h e  musca r in i c  r ecep to r  w h i c h  m i g h t  
be  i n v o l v e d  in  b i n d i n g  a n t a g o n i s t s L  O ur  a t t e n t i o n  was  
d r a w n  to  t h e  work  of K a r l i n  wh ich  i n d i c a t e d  t h a t  a 
d isu l f ide  l inkage  a n d  a su l fhyd ry l  g roup  were p r e s e n t  
on  t h e  n ico t in ic  r ecep to r  of eel e l ec t rop lax  2-4. KARLIN 
r e p o r t e d  t h a t  t r e a t m e n t  of e l ec t rop lax  w i t h  t h e  r educ ing  
a g e n t  d i t h i o t h r e i t o l  (DTT) reduced  s ens i t i v i t y  to  ear-  
bachol ,  b u t  mi ld  o x i d a t i o n  reversed  t h i s  ef fec t  b y  r e fo rma-  
t i o n  of d isul f ide  bonds .  Br ie f  exposu re  of  t h e  r educed  
p r e p a r a t i o n  to  N - e t h y l m a l e i m i d e  (NEM) p r e v e n t e d  re-  
o x i d a t i o n  b u t  h a d  no  ef fec t  on  t h e  u n r e d u c e d  e lec t ro-  
p t a x  2. The  v a s t l y  e n h a n c e d  a l k y l a t i n g  a b i l i t y  of 4-(male-  
i m i d o ) p h e n y l t r i m e t h y l a m m o n i u m  c o m p a r e d  to  NEM' was  
cons idered  ev idence  for  the  close p r o x i m i t y  of t h e  
d isul f ide  l inkage  to  t h e  an ionic  sub-s i t e  of t h e  ace ty l -  
chol ine  (Ach) r ecep to r  3. Also, b r o m o a c e t y l c h o l i n e  (BAC), 
n o r m a l l y  a r eve r s ib le  agonis t ,  b e c a m e  a n  i r revers ib le  
agon i s t  a f t e r  exposure  of t he  e l ec t rop l ax  t o  D T T  h a d  
freed a s u l i h y d r y l  g roup  for  r eac t i on  4. KARLIN a n d  
BARTELS 2 h a d  also p roposed  t h a t  a n o t h e r  su l fhyd ry l  
g roup  was i nvo lved  in depo l a r i za t i on  of t h e  e lec t roplax ,  
s ince t h e y  found  t h a t  p - c h l o r o m e r c u r i h e n z o a t e  (PCMB) 
ac ted  as a n  i r revers ib le  i n h i b i t o r  even  w i t h o u t  p r io r  

D T T  t r e a t m e n t .  However ,  2UPA~. i~  5 has  cha l lenged the  
idea  t h a t  t h e  P C M B  is a c t i v e  a t  t h e  n ico t in ic  receptor .  
W e  h a v e  i n v e s t i g a t e d  t h e  a c t i o n  of some su l fhyd ry l -  
g r o u p  r eagen t s  on  t h e  r a t  j e j u n u m  in  order  to  d e t e r m i n e  
t h e  p resence  or  absence  of s u l f h y d r y l  or  d isul f ide  g r o u p s  
on  t he  musca r in i c  recep tor .  

Methods. J e j u n u m  f rom W i s t a r  r a t s  was  s u s p e n d e d  in 
1 0 m l  musc le  b a t h s  c o n t a i n i n g  T y r o d e ' s  so lu t i on  a t  
p H  7.4. B a t h s  were ae r a t ed  w i t h  95% o x y g e n  a n d  5 %  
c a r b o n  d iox ide  excep t  du r ing  i n c u b a t i o n  w i t h  DTT.  
Con t ro l  r e sponses  to  agonis t s  were o b t a i n e d  a n d  musc les  
were  w a s h e d  before  exposure  to  D T T  for  10 ra in .  N E M  
or  P C M B  were added  for a n  a d d i t i o n a l  I0  m i n  per iod  
in  some s tudies .  Muscles were t h e n  w a s h e d  r e p e a t e d l y  
a n d  responses  elici ted.  Agon i s t s  i nc luded  Ach,  p o t a s s i u m  
ion a n d  BAC. R e c e p t o r  p r o t e c t i o n  e x p e r i m e n t s  cons is ted  
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of c o m p a r i s o n  of Actl  r e sponses  before  a n d  a f t e r  a t5  m i d  
i n c u b a t i o n  pe r iod  w i t h  musca r in i c  an t agon i s t s .  N E M  
was  a d d e d  for t he  f ina l  10 miD of t h i s  per iod.  Tissues  were 
t h e n  w a s h e d  a n d  cha l l enged  r e p e a t e d l y  to  t e s t  recovery .  

Results and discussion. T he  F igu re  shows t h a t  D T T  h a d  
a n  i n h i b i t o r y  e f fec t -of  i t s  own. N E M  t r e a t m e n t  f u r t h e r  
lowered  responses  to  A ch  a n d  t h i s  could  n o t  b e  r eve r sed  
b y  washing .  Inc rea s ing  c o n c e n t r a t i o n s  of N E M  caused  
a progress ive  a n t a g o n i s m .  GOODMAN a n d  HIATT s r e p o r t e d  
t h a t  N E M  a n t a g o n i z e d  Ach  on  s m o o t h  musc le ;  the re fo re  
we t r e a t e d  our  p r e p a r a t i o n  w i t h  N E M  w i t h o u t  p r io r  
r educ t i on  w i t h  D T T .  T h e  N E M ' a l o n e  caused  a m a r k e d ,  
dose d e p e n d e n t  r e d u c t i o n  in  A ch  responses  t h a t  was  n o t  
revers ible .  T h e r e  does  no t  a p p e a r  to  be  a n y  p o t e n t i a t i o n  
of N E M  b y  t he  D T T  t r e a t m e n t .  Thus ,  N E M  i n h i b i t i o n  
does n o t  a p p e a r  to  d e p e n d  u p o n  a l k y l a t i o n  of s u l f h y d r y l  
g roups  f o r m e d  b y  r e d u c t i o n  of d isu l f ide  l inkages .  

P C M B  was  also t e s t e d  as  a n  a n t a g o n i s t  for  Ach.  Th i s  
a g e n t  was  less p o t e n t  t h a n  N E M ,  b u t  p r o v e d  to  be  a n  
i r r eve r s ib le  i nh ib i t o r .  T r e a t m e n t  w i t h  e i t h e r  P C M B  or 
N E M  fol lowed b y  wash ing ,  r educed  m a x i m u m  responses  

Inhibition of acetylcholine {10-~M) responses on rat jejunmn follow- 
ing 15 mid incubation with antagonist alone, with NEM (2 x 10-*M) 
for I0 miD or antagonist followed by NEM 

Competitive Control acetylcholine response (%) 
antagonist without NEM with NEM 

None 101.4 4- 1.9 (10) 48.5 -t- 5.0 (23) 
Atropine (10-8M) 66.8 :~: 8.3 (8) 21.4 4- 6.2 (9) 
Lachesine (10-8M) 68.9 4- 4.8 (8) 11.2 -I- 3.0 (i0) 
Diphenhydramine 68.3 4- 8.2 (8) 13.6 4- 3.5 (10) 
methiodide (10-5M) 
3-(Dimethylamino)- 72.8 i 3.3 (8} 36.1 4- 6.9 (10) 
1,1-diphenylpropanol 
methiodide (10-SM) 

Values are expressed as percent of initial response ~ S.E.M. Number 
in parentheses indicates the number of muscles used for each deter- 
mination. 
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Acetylcholine dose-response curves on rat jejunum segments. Each 
point represents the mean of the following number of determina- 
tions: Control (n = 48) ; DDT alone (n = 38) ; DTT + NEM (10-4M) 
( n =  18); NEM (2×10-4M) ( n =  14); D T T + N E M  (2x l0 - iM)  
(n = 10) ; and DTT + NEM (4 x 10-*M) (n = 6). Brackets represent 
standard error of the mean. Drug dosages are expressed as molar 
concentration. 

to  10-DM Ach  to  72.2 J=4 .5% a n d  2 7 . 3 4 - 6 . 4 %  of con-  
trol ,  respect ive ly .  B o t h  c o m p o u n d s  were  i r revers ib le  
i n h i b i t o r s  ot p o t a s s i u m  s t i m u l a t i o n  w i t h  a p o t e n c y  
c o m p a r a b l e  to  t h a t  aga in s t  Ach.  P C M B  reduced  m a x i m u m  
p o t a s s i u m - i n d u c e d  t e n s i o n  d e v e l o p m e n t  to  56.0 =k 9.9~/o, 
whe rea s  N E M  reduced  m a x i m u m  responses  to  44.7- t-  
6 .2% of cont ro l .  B o t h  P C M B  a n d  N E M  a p p e a r  to  f o r m  
c o v a l e n t  b o n d s  w i t h  s u l f h y d r y l  g roups  i n v o l v e d  in  pro-  
duc t i on  of con t r ac t ions ,  b u t  n o t  necessar i ly  i n v o l v e d  
w i t h  t h e  Ach  receptor .  

BAC h a s  been  r e p o r t e d  b y  CHIou a n d  gANTRY 7 to  be  
a m u s c a r i n i e  agon i s t  on  gu inea -p ig  i leum.  On  t h e  r a t  
j e j u n u m  we f o u n d  i t  to  be  a r eve r s ib l e  agon i s t  w i t h  
a p p r o x i m a t e l y  1/s0th t he  a c t i v i t y  of Ach.  Dose- response  
m e a s u r e m e n t s  were  r e p e a t e d  a f t e r  D T T  t r e a t m e n t  for 
10 mid  a n d  were found  to  be  unaf fec ted .  BAC was  
r ead i ly  r e m o v e d  b y  w a s h i n g ;  therefore ,  t h e  i r revers ib le  
s t i m u l a t i o n  f o u n d  b y  KARLIN w i t h  e l ec t rop lax  does n o t  
occur  w i t h  t h e  m u s c a r i n i c  recep tor .  

R e c e p t o r  p r o t e c t i o n  was  used in a f ina l  t e s t  to  loca te  
a s u l f h y d r y l  g roup  n e a r  t he  m u s c a r i n i c  receptor .  Classical,  
revers ible ,  a n t i m u s c a r i n i c  agen t s  such  as a t rop ine ,  lache-  
sine, d i p h e n h y d r a m i n e  me th iod ide ,  a n d  3 - (d imethy l -  
a m i n o ) - l , l - d i p h e n y l p r o p a n o l  m e t h i o d i d e  m i g h t  e m p l o y  
d i f f e ren t  m o d e s  of b i n d i n g  to  t h e  r ecep to r  a n d  occ lude  
d i f f e ren t  regions  a d j a c e n t  t o  t he  ac t ive  site. Resu l t s  of 
these  e x p e r i m e n t s  are  p r e s e n t e d  in t h e  Table .  The  inh ib i -  
t i on  b y  c o m p e t i t i v e  a n t a g o n i s t s  p r o v e d  to  b e  r eve r s ib le  
w i t h  r e p e a t e d  w a s h i n g  a n d  s t imu la t i on .  I n  t h e  case of 
N E M  alone,  i n h i b i t i o n  was  i r revers ib le .  T h e  m u s c a r i n i e  
a n t a g o n i s t  fol lowed b y  N E M  resu l t ed  in  a d d i t i v e  inh ib i -  
t i on  of Ach  responses  t h a t  fa i led to  r e t u r n  to  con t ro l  
levels.  Thus ,  t he  ef fec t  of N E M  on  i n t e s t i n a l  s m o o t h  
musc le  was n o t  a t t e n u a t e d  b y  pr io r  t r e a t m e n t  w i t h  
r eve r s ib le  musca r in i c  an t agon i s t s .  I n h i b i t i o n  b y  N E M  
would  h a v e  b e e n  d i m i n i s h e d  if t h e  agen t s  h a d  b e e n  
c o m p e t i n g  for  t h e  s a m e  r ecep to r  sub-s i tes .  

~Ve conc lude  t h a t  t he  m u s c a r i n i c  r ecep to r  on  r a t  
j e j u n u m  lacks  a d isul f ide  l inkage  in t he  v i c i n i t y  of t h e  
A c h  r ecep to r  site. O t h e r  disulf ide  b o n d s  in t h e  cell  
m e m b r a n e  m a y  be  d i s r u p t e d  b y  D T T  reduc t ion ,  a n d  t h i s  
lead to  a r educed  s e n s i t i v i t y  to  Ach  a n d  p o t a s s i u m .  
T h e r e  m a y  also be  essen t ia l  s u l f h y d r y l  g roups  in t h e  
cha in  of e v e n t s  l ead ing  to  c o n t r a c t i o n  w h i c h  could r eac t  
i r r eve r s ib ly  w i t h  N E M  a n d  PCMB.  BAC does n o t  a f fec t  
these  su l f l lydry l  groups,  p r o b a b l y  because  p e n e t r a t i o n  
to  a n  i n t e r n a l  s i t e  in  t h e  m e m b r a n e  would  b e  p r e v e n t e d  
b y  i t s  ca t ion ic  c h a r a c t e r  s . 

Zusammen[assung.~Die A c e t y l c h o l i n k o n t r a k t i o n  a n  
R a t t e n - J e j u n u m s t i i c k e n  w i rd  d u t c h  N E M  g e h e m m t ,  was  
a b e r  d u r c h  V o r b e h a n d l u n g  m i t  e inem R e d u k t i o n s m i t t e l  
r f icht  v e r s t ~ r k t  wird .  Sowohl  N E M  wie s u c h  P C M B  hem-  
m e n  s u c h  die  K a l i u m k o n t r a k t u r ,  so dass  die  H e m m u n g  
de r  A c e t y l c h o i i n k o n t r a k t i o n  o f f enba r  n i c h t  au f  d e n  Re-  
zep to r  bezogen  w e r d e n  k a n n .  
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