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T o x i c i t y  o f  t h e  C o m m o n  P u f f e r  F i s h  i n  H o n g  K o n g  

I t  is u n i v e r s a l l y  accep ted  t h a t  t h e  puf fe r  is a po i sonous  
f i sh  w h i c h  a c c o u n t s  for  n u m e r o u s  cases of puf fe r  poisoning,  
or  t e t r o d o t o x i s m  ~, ~. A tox in ,  k n o w n  as t e t r o d o t o x i n ,  ha s  
b e e n  i so la ted  f rom the  o v a r y  of  Spheroides rubripes b y  
TSUDA a n d  KAWAMImA 3. To-da te ,  t he  or ig in  of t h e  t o x i n  
is st i l l  obscure4,  as s imi la r  e x t r a c t i o n  on  d i f fe ren t  t i ssues  
of t he  f ish has  no t  been  repor ted .  A p a r t  f r om t he  poss ible  
occur rence  of seasona l  va r i a t i ons ,  i t  h a s  r e c e n t l y  been  
r epo r t ed  t h a t  in  Spheroides sp., t h e  fol lowing order  of 
t ox i c i ty  in  va r ious  t i ssues  is f o u n d :  o v a r y  > spleen > 
l iver  > Mood > eye > gill  > sk in  > t es t i s  ~. L i t t l e  is 
k n o w n  of t h i s  so r t  of c o m p a r a t i v e  s t u d y  us ing  o t h e r  
puffers  w h i c h  compr i se  ove r  40 speciesL Th i s  s t u d y  
p re sen t s  some p r e l i m i n a r y  f ind ings  on  t h e  poss ib le  or ig in  
a n d  n a t u r e  of t he  t o x i n  in  Lagocephalus lunaris (Block 
a n d  Schne ider )  a n d  Fugu xanthopterus ( T e m m i n c k  a n d  
Schlegel) w h i c h  are  t he  c o m m o n  species of puf fe r  in 
H o n g  K o n g  a n d  in S o u t h e a s t  Asia6. 

M a t u r e  spec imens  of Lagocephalus (3 ma le  a n d  1 
female)  m e a s u r i n g  18-22 cm a n d  weigh ing  130-230 g a n d  
of Fugu (3 ma le  a n d  2 female)  m e a s u r i n g  9-13 cm and  
we igh ing  41-95  g were c a u g h t  in  Augus t ,  1970 in t he  
coas ta l  w a t e r s  of H o n g  Kong.  T h e y  were killed. T he  l iver,  
t e s t i s  or  ova ry ,  a n d  nmsc le  of e ach  sex, a f t e r  h a v i n g  
been  c leared  as m u c h  as poss ib le  of t h e  c o n n e c t i v e  t issue,  
were  we ighed  a n d  pooled.  T h e  t i ssues  were  homogen ized  
w i t h  a n  equa l  we igh t  of d i s t i l l ed  wate r ,  cen t r i fuged  a t  
224 g for a t  l eas t  10 rain.  T he  s u p e r n a t a n t  w a t e r y  layer  
(ex t rac t )  was  p i p e t t e d  out ,  a n d  s to red  in a f reezer  a t  
- -  25 °C. 

To t e s t  t he  t o x i c i t y  of t he  va r ious  t issues,  t he  m e t h o d  
o f  ~"IALSTEAD a n d  B U N K E R  7'8 -was  used. T he  p r e p a r e d  
ex t rac t ,  u p o n  defros t ing,  was  in j ec t ed  i.p. i n to  g roups  
of 2 or 3 a n i m a l s  (1 ml  each)  w h i c h  were 5 m o n t h s  old, 
m a l e  mice  of \ ¥ H T / H T  s t r a i n  (to avo id  a n y  compl i ca t i ons  
in  r e sponse  due  to  d i f ferences  in  sex, age a n d  s t r a i n  of 
mice).  Groups  of con t r o l  mice  were  g iven  e i t h e r  1 ml  of 
d i s t i l l ed  w a t e r  or  musc le  e x t r a c t  ( s imi la r ly  p r e p a r e d  as 
t h a t  of  t h e  puffer)  of a n o t h e r  fish,  a Morey  eel, Gymno- 
thorax. The  d u r a t i o n  of t i m e  a f t e r  in j ec t ion  w h e n  d e a t h  
occur red  was recorded.  

I n  t he  course  of t h e  e x p e r i m e n t ,  i t  was  found  des i rab le  
to  c o m p a r e  f u r t h e r  t h e  degree  of t o x i c i t y  of t h e  musc le  

a n d  l iver  in  t h e  male ,  u s ing  d i lu t ed  so lu t ions  of t he  
or ig ina l  e x t r a c t s  (F igure  1). A n  a t t e m p t  was  t h e n  m a d e  
to  co r re l a t e  t he  i n t e rva l s  of t i m e  d u r i n g  w h i c h  d e a t h  of 
t h e  e x p e r i m e n t a l  mice  occur red  a n d  the  e x t e n t  of d i lu t ion .  

A n  a t t e m p t  was also m a d e  to  d e t o x i c a t e  t h e  va r i ous  
t i ssue  e x t r a c t  b y  h e a t i n g  t h e  or ig ina l  e x t r a c t s  for 10 
a n d  60 ra in  a t  va r ious  t e m p e r a t u r e s  (Figure  2). 

T h e  resu l t s  o b t a i n e d  a re  p r e s e n t e d  in t h e  T a b l e  a n d  
in F igures  1 a n d  2. I n  t he  ma le  puf fe r  of b o t h  species, 
d e a t h  r e su l t ed  in a l l  t e s t e d  mice  w i t h i n  t he  f i r s t  m i n u t e  
of i n j ec t ion  of t h e  or ig ina l  ex t rac t ,  e x c e p t  in  t h e  case 
of musc le  e x t r a c t  of IZ'ugu (see Table) .  Indeed ,  d e a t h  
was  a l m o s t  i n s t a n t a n e o u s  w i t h  t es t i s  e x t r a c t  in jec t ion .  
T h e  f i r s t  v i s ib le  s y m p t o m s  a f t e r  t r e a t m e n t  in  t he se  mice  
were  s t r e t c h i n g  of t h e  neck  a n d  res t less  p r o b i n g  of t h e  
head .  T h e  eye b e c a m e  f ixed  a n d  p r o t r u d i n g  u p o n  d e a t h .  
The  l i m b s  seeming ly  fai led to  s u p p o r t  t he  b o d y  w h i c h  
swayed  f rom side to  side. A f t e r  a few kicks  in  t h e  a i r  
w i t h  t he  fore l imbs ,  t h e  mice  t opp l ed  over.  P a n t i n g  was 
obvious ,  a f t e r  w h i c h  t he  mice  died. Th i s  l as t  o b s e r v a t i o n  
seems to agree  w i t h  t he  ear l ier  sugges t ion  t h a t  d e a t h  
was  p r o b a b l y  due  to  a sphys ia .  S imi la r  e x t r a c t s  f rom t h e  
f ema le  species  i n d i c a t e d  a t i m e  lag of ove r  10 ra in  before  
d e a t h  occur red  in Fugu, a n d  t h e  mice  i n j ec t ed  w i t h  
o v a r y  e x t r a c t  of Lagocephalus suffered  n o n e  of t h e  
s y m p t o m s  desc r ibed  a b o v e  (see Table) ,  no r  d id  t h e  con-  
trols.  Ou r  resu l t s  t he re fo re  sugges t  t h a t  f i rs t ly ,  t h e  or ig in  
of t he  t o x i n  was f rom t h e  g o n a d ;  secondly,  t he  o rde r  
of t o x i c i t y  of t he  fo l lowing t i s sues  was:  G o n a d  ( tes t i s /  
ova ry )  > l ive r  > musc le ;  th i rd ly ,  d i f ferences  in  t h e  
degree  o f  t o x i c i t y  b e t w e e n  sexes ex i s t :  t i ssues  of t h e  
ma le  be ing  more  t ox i c  t h a n  t h e  c o u n t e r p a r t s  in  t h e  
female ;  a n d  las t ly ,  t h e  m u s c u l a t u r e  in  puf fe r  is n o t  
usua l ly  free of t he  t o x i n  x. 

"With d i lu t ed  so lu t ions  oI the  or ig ina l  e x t r a c t s  of t he  
l iver  a n d  muscle ,  d e a t h  was  de layed  (F igure  1). Mice 
s u r v i v e d  t h r o u g h o u t  t h e  pe r iod  of o b s e r v a t i o n  of 36 h 
w i t h  I/x~th of o r ig ina l  c o n c e n t r a t i o n  of Lagocephalus a n d  
Fugu musc le  ex t rac t ,  a n d  w i t h  1/x~sth t h a t  of Lagoce- 
phalus l iver  e x t r a c t  ( b u t  n o t  in  Fugu). T h i s  i nd i ca t e s  
t h a t  t he  l iver  is more  tox ic  (?) or c o n t a i n s  a t  l eas t  
8 t i m e s  more  tox ic  s u b s t a n c e  c o m p a r e d  w i t h  b o d y  
m u s c u l a t u r e .  
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Fig. 1. Relation of time survived by mice and concentration of the 
original extract administered. 

Time in rain survived by mice after an injection of 1 ml original 
extract of the various tissues of Lagocephalus and Fugu 

Species Lagocephalus lunaris Fugu xanthopterus 
Tissue Male Female Male Female 

Liver 1 ~ i 21 
Muscle 1 ~ 2.5 18 
Gonad ,~ i No effect <~ i 11.5 

No data were obtained. 
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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  
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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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