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Recent studies on paralytic shellfish poison in Japan 

Kanehisa  Hashimoto and Tamao Noguchi 

L a b o r a t o r y  of  Mar ine  B i o c h e m i s t r y ,  F a c u l t y  of  A g r i c u l t u r e ,  U n i v e r s i t y  of 
Tokyo, Tokyo 113, J a p a n  

A b s t r a c t  - I n  Japan ,  t h e  o c c u r r e n c e  of  Pro togonyaulax  c a t e n e l l a  r e d  t i d e ,  
a l o n g  w i t h  p a r a l y t i c  s h e l l f i s h  p o i s o n  ( P S P ) - i n f e s t a t i o n  of  b i v a l v e s ,  was 
f o r  t h e  f i r s t  t i m e  c o n f i r m e d  i n  1 9 7 5 ,  a t  Owase B a y ,  Mie P r e f e c t u r e .  
S i n c e  t h e n ,  e x t e n s i v e  s t u d i e s  have  been c a r r i e d  o u t  on v a r i o u s  a s p e c t s  of  
PSP s u c h  as:  s e a r c h  f o r  a n d  i d e n t i f i c a t i o n  o f  r e s p o n s i b l e  p l a n k t o n  
s p e c i e s ,  s u r v e i l l a n c e  f o r  PSP- infes ted  a r e a s  and b i v a l v e s ,  i s o l a t i o n  and 
c h a r a c t e r i z a t i o n  o f  PSP c o m p o n e n t s ,  d e v e l o p m e n t  of  c h e m i c a l  a s s a y  
m e t h o d s ,  i c h t h y o t o x i c i t y  o f  P S P s ,  a n d  s e a r c h  f o r  o t h e r  P S P - b e a r i n g  
o r g a n i s m s .  An a t t e m p t  is made t o  o v e r v i e w  t h e  PSP s t u d i e s  i n  J a p a n ,  
f o c u s i n g  on r e c e n t  f i n d i n g s .  

INTRODUCTION 

P a r a l y t i c  s h e l l f i s h  p o i s o n  (PSP) i s  one of  t h e  most  n o t o r i o u s  m a r i n e  t o x i n s  known. PSP, 
once i n g e s t e d  by humans, evokes  p a r a l y s i s  and o t h e r  symptoms,  w i t h  f r e q u e n t  d e a t h  ( r e f .  1). 
I t  i s  e s t i m a t e d  t h a t  t h e  number o f  v i c t i m s  of  p a r a l y t i c  s h e l l f i s h  (PS) p o i s o n i n g  wor ldwide  
between 1972-1983 exceeded 900, i n c l u d i n g  40 d e a t h s .  

Sommer e t  a l .  ( r e f .  2 )  e l u c i d a t e d  t h e  c o u r s e  o f  e v e n t s  l e a d i n g  t o  PS p o i s o n i n g :  
Pro togonyaulax  ( f o r m e r l y  Gonyaulax)  c a t e n e l l a  produces  PSP, and grows up t o  a h i g h  d e n s i t y  
under  f a v o r a b l e  e n v i r o n m e n t a l  c o n d i t i o n s ;  t h e  organism t h e n  i n f e s t s  b i v a l v e s  which i n  t u r n  
may p o i s o n  h u m a n s  when i n g e s t e d .  L a t e r ,  p. t a m a r e n s i s ,  P y r o d i n i u m  b a h a m e n s e ,  &. 
bahamense var .  compressa ,  Aphanizomenon f l o s - a q u a e ,  e t c . ,  were added t o  t h e  l i s t  of  PSP- 
p r o d u c e r s  (TABLE 1). S c h a n t z  e t  a l .  ( r e f .  3) i s o l a t e d  t h e  f i r s t  PSP t o x i n  f rom t h e  Alaska  
b u t t e r  c l a m  Saxidomus g i g a n t e u s  and i t  was d e s i g n a t e d  s a x i t o x i n  (STX) l a t e r .  Subsequent  
s t u d i e s  showed t h a t  PSP i s  n o t  composed o f  STX a l o n e ,  b u t  of  more t h a n  t e n  components  whose 
s t r u c t u r e s  are c l o s e l y  r e l a t e d  t o  e a c h  o t h e r .  Some components ,  such  a s  STX and gonpautoxin 
(GTX)-2, have s p e c i f i c  t o x i c i t i e s  comparable  t o  t h a t  of  t e t r o d o t o x i n  (TTX). The minimum 

TABLE 1. PSP-producing p l a n k t o n  

S p e c i e s  Area PSP components 

Pro togonyaulax  
c a t e n e l l a  

- P. t a m a r e n s i s  

- P. a c a t e n e l l a  
- P. phoneus  
- P. c o h o r t i c u l a  
Pyrodinium 

bahamense u. bahamense 
v a r .  compressa 

Gymnodinium 
c a t e n a  t um 

Cochlodinium s p .  
Aphanizomenon 

f l o s - a q u a e  

P a c i f i c  c o a s t s  - C a l i f o r n i a ,  B r i t i s h  
Columbia,  A l a s k a ,  J a p a n ,  Venezuela ,  
C h i l e  

Canada; Nor th  Sea c o a s t s  - England ,  
Denmark, W .  Germany, Hol land ,  
Norway; J a p a n  

B r i t i s h  Columbia 
Nor th  Sea  
G u l f  of Thai 
B r u n e i ,  Papua New Guinea 

P a l a u  Is. 

Tasman S e a ,  J a p a n  

J a p a n  
New England ( l a k e s )  

Nor th  A t l a n t i c  c o a s t s  - New England ,  

GTXs, STXs 

GTXs, STXs 

unknown 
unknown 
GTXs 
unknown 

STXs, GTXs 

PXs, GTXs 

Zn-bound PXs 
STXs 

_______~ ~ 

GTXs = g o n y a u t o x i n s ;  STXs = s a x i t o x i n s ;  PXs = p r o t o g o n y a u t o x i n s .  
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l e t h a l  d o s e  (MLD) o f  PSP i n  h u m a n s  i s  e s t i m a t e d  t o  b e  3,000 MU* ( r e f .  4 )  b a s e d  m a i n l y  o n  
f a t a l  cases i n d u c e d  by t h i s  t o x i n .  P S P i s ~ z u g h l y  t h r e e  t imes  m o r e  t o x i c  t h a n  TTX w h o s e  
MLD i n  humans is c o n s i d e r e d  t o  be 10,000 MU . 
I n  J a p a n ,  t h e r e  o c c u r r e d  t h r e e  s u s p e c t e d  PS p o i s o n i n g  i n c i d e n t s  d u r i n g  1948-1962.  I n  
J a n u a r y  1 9 7 5 ,  a p. c a t e n e l l a  r e d  t i d e  was o b s e r v e d  f o r  t h e  f i r s t  t ime i n  J a p a n  a t  Owase  
B a y ,  Mie P r e f e c t u r e .  On t h i s  o c c a s i o n ,  PSP was d e t e c t e d  b o t h  i n  t h e  r e s p o n s i b l e  p l a n k t o n  
a n d  i n  s o m e  i n f e s t e d  b i v a l v e s  i n h a b i t i n g  t h e  same bay  ( r e f .  4 ) .  S i n c e  t h a t  t ime ,  PSP, 
a l o n g  w i t h  t h e  r e s p o n s i b l e  p l a n k t o n ,  h a s  been e x t e n s i v e l y  s t u d i e d  i n  Japan.  Recent  s t u d i e s  
on t h i s  m a r i n e  t o x i n  i n  J a p a n  a r e  overv iewed h e r e ,  f o c u s i n g  on s e v e r a l  a s p e c t s .  

PARALYTIC SHELLFISH POISONING, ALONG WITH THE RESPONSIBLE 
PLANKTON 

A s  TABLE 2 s h o w s ,  a t o t a l  o f  s e v e n  PS p o i s o n i n g  i n c i d e n t s  h a v e  s o  f a r  b e e n  r e c o r d e d  i n  
J a p a n ,  i n c l u d i n g  t h r e e  s u s p e c t e d  o n e s  w h i c h  o c c u r r e d  b e f o r e  1 9 7 5  when PSP was f i r s t  
i d e n t i f i e d  i n  t h e  Owase Bay i n c i d e n t .  I n  J a n u a r y  1979,  16 p a t i e n t s  e x h i b i t e d  t h e  symptoms 
s p e c i f i c  t o  PS p o i s o n i n g ,  a f t e r  e a t i n g  o y s t e r s  c o l l e c t e d  f r o m  S e n z a k i  B a y ,  Yamaguchi  
P r e f e c t u r e .  Onoue e t  a l .  ( r e f .  5) d e m o n s t r a t e d  t h a t  PSP was r e s p o n s i b l e .  I n  A p r i l  of  t h e  
same y e a r ,  c u l t u r e d  s c a l l o p s  became h i g h l y  t o x i c  w i t h  PSP i n  Funka Bay,  Hokkaido, and hence  
were p r o h i b i t e d  f rom b e i n g  marke ted .  A t  t h a t  time, s e v e r a l  p e o p l e  g a t h e r e d  and a t e  t h e  
m u s s e l s  a t t a c h e d  t o  t h e  s c a l l o p - c u l t u r i n g  r a f t s ,  and t h r e e  were poisoned ,  w i t h  one  d e a t h  
r e s u l t i n g .  I n  May 1 9 8 2 ,  t w o  i n h a b i t a n t s  i n  O f u n a t o ,  Iwate P r e f e c t u r e ,  were l i g h t l y  
poisoned  due t o  i n g e s t i o n  of t h e  p r o t o c h o r d a t e ,  a s c i d i a n  H o l o c y n t h i a  r o r e t z i  which i s  a l s o  
a p l a n k t o n  f e e d e r .  I n  t h e  e a r l y  
summer of  1987, s e v e r a l  p e r s o n s  were  poisoned  by i n g e s t i n g  shor t -necked  c l a m s  c o l l e c t e d  
f rom Yamakawa B a y ,  Kagoshima P r e f e c t u r e .  The r e s p o n s i b l e  t o x i n  was d e m o n s t r a t e d  t o  be PSP 
( r e f .  7 ) .  

The  r e s p o n s i b l e  t o x i n  was c o n f i r m e d  t o  b e  P S P ( r e f .  6 ) .  

TABLE 2 .  I n c i d e n t s  of  p a r a l y t i c  s h e l l f i s h  p o i s o n i n g  i n  J a p a n  

Date  C a u s a t i v e  L o c a t i o n  o f  Number o f  PSP 
s h e l l f i s h  c o l l e c t i o n  p a t i e n t s  compo- 

( D e a t h s )  n e n t s  

J u l y  1948 Short-necked c lam,  
Tapes j a p o n i c a  

May 1961 S c a l l o p ,  Chlamys 
n i p p o n e n s i s  a k a z a r a  

Feb. 1962 Oyster, C r a s s o s t r e a  
Rigas 

J a n .  1979 Oyster, C. Rigas 

Apr. 1979 Musse l ,  
M y t i l u s  e d u l i s  

May 1982 A s c i d i a n ,  
H o l o c y n t h i a  r o r e t z i  

J u n e  1987 Short-necked c lam,  
- T. j a p o n i c a  

Toyohashi ,  12 (1) ? 

Ofunato  Bay, 20 (1) ? 

Miyazu Bay, 42 ( 0 )  ? 

A i c h i  P r e f .  

I w a t e  P r e f .  

Kyoto 

S e n z a k i  Bay, 16 (0)  PXs, GTXs, 
Yamaguchi P r e f .  STXs 

Funka B a y ,  3 (1) - 
Hokkaido 

Ofunato  Bay ,  2 (0)  GTXs, STXs 
Iwate P r e f .  

Yamakawa Bay ,  2 (0)  GTXs 
Kagoshima P r e f .  

GTXs = g o n y a u t o x i n s ;  STXs = s a x i t o x i n s ;  PXs = p r o t o g o n y a u t o x i n s .  

I n  J a p a n ,  a t o t a l  o f  a b o u t  100 p a t i e n t s ,  i n c l u d i n g  t h r e e  d e a t h s ,  d u e  t o  i n g e s t i n g  PSP- 
i n f e s t e d  o r  s u s p e c t e d  s h e l l f i s h e s  h a v e  s o  f a r  b e e n  r e p o r t e d .  I n  a d d i t i o n ,  m o r e  t h a n  2 9  
p a t i e n t s ,  i n c l u d i n g  15 d e a t h s ,  due t o  i n g e s t i o n  of PSP-bearing c r a b s  have  been r e p o r t e d ,  as 

*,** 
One mouse  u n i t  (MU) o f  PSP a n d  TTX i s  d e f i n e d  as  t h e  a m o u n t  o f  e a c h  
t o x i n  w h i c h  c a n  k i l l  a 2 0  g ddY s t r a i n  male mouse  i n  1 5  a n d  30 m i n ,  
r e s p e c t i v e l y ,  a f t e r  i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n .  
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d e s c r i b e d  below. According t o  t h e  r e c e n t  food-hygienic  s t a t i s t i c s ,  30,000-50,000 p a t i e n t s ,  
i n c l u d i n g  10-20 d e a t h s ,  due t o  food  p o i s o n i n g  are r e c o r d e d  e a c h  year i n  Japan.  Even though 
t h e  p r o p o r t i o n  o f  PS p o i s o n i n g  i n  a l l  f o o d  p o i s o n i n g  i n c i d e n t s  i s  n o t  v e r y  l a r g e ,  e v e n  
a f t e r  t h e  c r a b  p o i s o n i n g  i n c i d e n t s  a r e  added t o  t h e  PS p o i s o n i n g ,  t h e  economic damage which  
f i s h e r m e n  a n d  o t h e r  w o r k e r s  o f  a s s o c i a t e d  i n d u s t r i e s  s u f f e r  f r o m  PSP t o x i f i c a t i o n  o f  
b i v a l v e s  is  v e r y  s e r i o u s .  

I n  J a p a n ,  g. c a t e n e l l a  was f i r s t  found a s  a PSP-producer i n  Owase Bay. Subsequent  s u r v e y s  
showed t h a t  t h i s  p l a n k t o n  s p e c i e s  is  w i d e l y  d i s t r i b u t e d  f rom t h e  n o r t h e r n m o s t  (Hokkaido) t o  
s o u t h e r n m o s t  (Kyushu)  p a r t  o f  J a p a n ,  a n d  o f t e n  f o r m s  a r e d  t i d e ,  i n f e s t i n g  b i v a l v e s  
i n h a b i t i n g  t h o s e  r e g i o n s .  P. t a m a r e n s i s  was f i r s t  d e t e c t e d  as a r e s p o n s i b l e  p l a n k t o n  when 
b i v a l v e s  were t o x i f i e d  i n  q f u n a t o  Bay, Iwate P r e f e c t u r e ,  and was la ter  d e t e c t e d  i n  o t h e r  
areas  s u c h  a s  S e t o  I n l a n d  S e a .  U n l i k e  p. c a t e n e l l a ,  t h i s  s p e c i e s  n e v e r  f o r m s  a r e d  t i d e ,  
b u t  o f t e n  t o x i f i e s  s c a l l o p  a n d  o t h e r  b i v a l v e s  t o  a n  e x t r e m e l y  h i g h  l e v e l  ( r e f .  8). 
Gymnodinium c a t e n a t u m ,  which was r e c e n t l y  r e c o g n i z e d  as  a new PSP-producer i n  A u s t r a l i a  
( r e f .  9 ) ,  was a l s o  f o u n d  a n d  c o n f i r m e d  a s  a P S P - p r o d u c i n g  p l a n k t o n  when o y s t e r s  b e c a m e  
h i g h l y  t o x i c  i n  S e n z a k i  Bay, Yamaguchi P r e f e c t u r e  d u r i n g  December 1986-January 1987 ( r e f .  
10 & 1 1 ) .  A f o u r t h  p l a n k t o n  s p e c i e s ,  C o c h l o d i n i u m  sp . ,  h a s  v e r y  r e c e n t l y  b e e n  f o u n d  t o  
o c c u r  i n  Y a t s u s h i r o  Sea ( r e f .  12). T h i s  s p e c i e s  may be d i s t r i b u t e d  i n  o t h e r  areas of  J a p a n  
and a l s o  i n  o t h e r  c o u n t r i e s .  

Subsequent  t o  t h e  Owase Bay i n c i d e n t ,  s c a l l o p s  became h i g h l y  t o x i c  i n  1978 a t  Funka Bay, 
Hokkaido, where  t h e r e  had been no p r e v i o u s  r e c o r d s  of PSP t o x i f i c a t i o n  of  b i v a l v e s .  T h i s  
l e d  t o  t h e  e s t a b l i s h m e n t  o f  a n a t i o n w i d e  m o n i t o r i n g  s y s t e m  f o r  PSP t o x i f i c a t i o n  o f  
b i v a l v e s .  S i n c e  t h e n ,  much m o r e  i n f o r m a t i o n  on  P S P - i n f e s t e d  b i v a l v e s  a n d  a s s o c i a t e d  
phenomena became a v a i l a b l e .  From Hokkaido t o  Kyushu, b i v a l v e s  a r e  t o x i f i e d ,  depending  upon 
l o c a l i t y ,  s e a s o n ,  a n d  y e a r  ( F i g .  1 ) .  Red t i d e  f o r m a t i o n  i s  n o t  a l w a y s  a p r e r e q u i s i t e  f o r  
t h e  t o x i f i c a t i o n  o f  b i v a l v e s .  A g. c a t e n e l l a  r e d  t i d e  o c c u r r e d  i n  K i t a u r a  Bay,  M i y a z a k i  
P r e f e c t u r e  i n  1982. A t  t h a t  time, t h e  r e d  t i d e  n o t  o n l y  i n f e s t e d  b i v a l v e s ,  b u t  a l s o  c a u s e d  
a mass m o r t a l i t y  o f  c u l t u r e d  y e l l o w t a i l  S e r i o l a  q u i n q u e r a d i a t a  i n  t h e  s a m e  bay .  
T o x i f i c a t i o n  of  b i v a l v e s  h a s  a l s o  been r e p o r t e d  f rom E a s t  Hokkaido, t h e  c o a s t s  of  I b a r a k i  
P r e f e c t u r e ,  Tanabe Bay (Wakayama P r e f e c t u r e ) ,  Tsushima I s l a n d s  (Nagasaki  P r e f e c t u r e ) ,  and 
Yamakawa Bay (Kagoshima P r e f e c t u r e ) .  
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Fig.  1. Map showing main PSP- infes ted  a r e a s  of  Japan. 
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F i g .  2. S e a s o n a l  v a r i a t i o n s  i n  PSP 
t o x i c i t y  o f  s o m e  s p e c i e s  o f  
o r g a n i s m s  i n h a b i t i n g  O f u n a t o  Bay 
( ref .  13). 

V a r i o u s  s p e c i e s  o f  b i v a l v e s  a r e  t o x i f i e d :  s c a l l o p  P a t i n o p e c t e n  y e s s o e n s i s ,  o y s t e r  
C r a s s o s t r e a  Rigas, m u s s e l  M y t i l u s  e d u l i s ,  " a k a z a r a "  s c a l l o p  C h l a m y s  n i p p o n e n s i s  a k a z a r a ,  
" h i o g i "  s c a l l o p  C. n o b i l i s ,  s h o r t - n e c k e d  c l a m  T a p e s  j a p o n i c a ,  G. I n  a d d i t i o n ,  t h e  
p r o t o c h o r d a t e ,  a s c i d i a n  H o l o c y n t h i a  r o r e t z i  i s  s o m e t i m e s  t o x i f i e d .  F i g u r e  2 s h o w s  t h e  
s e a s o n a l  v a r i a t i o n s  i n  PSP t o x i c i t y  of  s e v e r a l  b i v a l v e s  which were  p l a c e d  i n  e s s e n t i a l l y  
t h e  same e n v i r o n m e n t s ,  i n d i c a t i n g  w i d e l y  d i f f e r e n t  p a t t e r n s  o f  t o x i f i c a t i o n  ( r e f .  13). The 
s c a l l o p  became t o x i c  most  q u i c k l y  and remained  f a i r l y  t o x i c  f o r  a l o n g  p e r i o d ,  w h i l e  t h e  
o y s t e r  w a s  t o x i f i e d  m o s t  s l o w l y ,  r e f l e c t i n g  t h e i r  d i f f e r e n c e s  i n  a c c u m u l a t i o n  a n d  
m e t a b o l i s m  o f  PSP. 
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TABLE 3 s h o w s  t h e  a n a t o m i c a l  d i s t r i b u t i o n  o f  PSP t o x i c i t y  i n  s c a l l o p s  c o l l e c t e d  f r o m  
Ofunato  Bay. S c a l l o p  s p e c i m e n s  w e r e  e x c i s e d  i n t o  t i s s u e s  i m m e d i a t e l y  a f t e r  c o l l e c t i o n ,  and 
k e p t  f r o z e n  u n t i l  a s s a y  ( r e f .  8). The a d d u c t o r  musc le  was n o n t o x i c  t o  weakly t o x i c  (3-13 
MU/g) e v e n  i n  t h e  s p e c i m e n s  w h o s e  d i g e s t i v e  g l a n d s  were e x t r e m e l y  t o x i c  ( 6 , 5 0 0 - 1 1 , 0 0 0  
MU/g). The a d d u c t o r  m u s c l e  was n o t  t o x i c  a t  a l l  i n  t h e  s p e c i m e n s  whose d i g e s t i v e  g l a n d s  
s h o w e d  t o x i c i t y  s c o r e s  o f  a b o u t  1,000 MU/g. I n  t h i s  c o n n e c t i o n ,  a f r e e z i n g / t h a w i n g -  
a s s o c i a t e d  t r a n s f e r  of  PSP f rom h i g h l y  t o  l o w l y  t o x i c  t i s s u e s  was n o t i c e d .  

TABLE 3. T o x i c i t y  o f  t h e  a d d u c t o r  m u s c l e ,  d i g e s t i v e  g l a n d ,  a n d  o t h e r  
p a r t s  i n  PSP- infes ted  f r e s h  u n f r o z e n  s c a l l o p  ( r e f .  8) 

(Mu/g) 

Adductor  muscle"' 
Date  of  D i g e s t i v e  g l a n d  Combined 

c o l l e c t i o n  ( A )  (B) (C) o t h e r  p a r t s  

May 29 ,  1982 3-13 - - 
J u l y  6 ,  1982 - - N .  D. "2 
J u l y  20 ,  1982 - N . D .  N . D .  
Sep.  10, 1982 N.D.  N . D .  N . D .  
Sep.  24,  1982 N.D.  N . D .  N . D .  
O c t .  8 ,  1982 N.D. - N.D.  
Oct .  23, 1982 N.D. N . D .  N . D .  
Nov. 13, 1982 N.D. - - 

6,500-11,000 111-237 
1,400-  2 , 9 0 0  43-132 
1,100- 1 , 7 0 0  33- 55  

860 4 3  
970 - 

1,000 - 
640 - 
520 - 

'"(A): Non- t rea ted .  

"'Less t h a n  2 MU/g. 

(B):  V i s c e r a l  i m p u r i t i e s  wiped o f f  w i t h  t i s s u e  paper .  
(C) :  Washed w i t h  s e a  water l i g h t l y .  

I n  t h e  case o f  t h e  a s c i d i a n  a s  w e l l ,  t h e  h e p a t o p a n c r e a s  was much m o r e  t o x i c  t h a n  o t h e r  
t i s s u e s  ( r e f .  6). I n  t h e  a s c i d i a n - r e s p o n s i b l e  p o i s o n i n g  i n c i d e n t  ment ioned  p r e v i o u s l y ,  t h e  
v i c t i m s  i n g e s t e d  t h e  whole  e d i b l e  p a r t  i n c l u d i n g  t h e  h e p a t o p a n c r e a s .  

Government q u a r a n t i n e  limits t o  p r o t e c t  a g a i n s t  PSP t o x i f i c a t i o n  by b i v a l v e s  have been set  
i n  Japan.  I n  USA and Canada, t h e  q u a r a n t i n e  l i m i t  of PSP i n  b i v a l v e s  f o r  home consumpt ion  
h a s  b e e n  s e t  a t  8 0  pg ( a s  STX)/lOOg e d i b l e  p a r t .  I n  J a p a n ,  o n  t h e  o t h e r  h a n d ,  t h e  
q u a r a n t i n e  l i m i t  i s  s e t  a t  4 MU/g e d i b l e  p a r t ,  a v a l u e  w h i c h  i s  e s s e n t i a l l y  t h e  s a m e  a s  
t h a t  i n  USA and Canada. The q u a r a n t i n e  l i m i t  f o r  PSP i n  b i v a l v e s  f o r  c a n n i n g  i s  s e t  a t  500 
MU/g d i g e s t i v e  g l a n d  ( a l m o s t  e q u i v a l e n t  t o  100 MU/g e d i b l e  p a r t ) ,  based on t h e  r e s u l t s  of  
m o d e l  e x p e r i m e n t s  ( r e f .  1 4  & 1 5 ) .  O t h e r  q u a r a n t i n e  l i m i t s  a r e  s e t  f o r  b i v a l v e s  t o  b e  
p r o c e s s e d  i n  o t h e r  ways. S i n c e  t h e s e  q u a r a n t i n e  l i m i t s  were s e t ,  a l m o s t  no PS p o i s o n i n g  
h a s  o c c u r r e d  as f a r  as b i v a l v e s  o r  t h e i r  p r o d u c t s  marke ted  t h r o u g h  a u t h o r i z e d  r o u t e s  are 
c o n c e r n e d .  

CHEMICAL ASPECTS OF PARALYTIC SHELLFISH POISONING 

S c h a n t z  e t  a l .  ( r e f .  3 )  i s o l a t e d  t h e  f i r s t  t o x i n  STX f r o m  t h e  P S P - i n f e s t e d  b i v a l v e  
Saxidomus g i g a n t e u s .  They s u b s e q u e n t l y  i s o l a t e d  t h i s  t o x i n  f rom t h e  r e s p o n s i b l e  p l a n k t o n  
- P. c a t e n e l l a  ( r e f .  1 6 ) ,  a n d  e l u c i d a t e d  i t s  s t r u c t u r e  i n  1 9 7 5  ( r e f .  1 7 ) .  I n  J a p a n ,  
Kawashiro e t  a l .  ( r e f .  18)  d e t e c t e d  a t o x i n  o t h e r  t h a n  STX i n  t o x i c  a k a z a r a  s c a l l o p  Chlamys 
n i p p o n e n s i s  a k a z a r a  c o l l e c t e d  f r o m  O f u n a t o  Bay,  a n d  d e s i g n a t e d  i t  " c h l a m y t o x i n " ,  b u t  n o  
f u r t h e r  s t u d i e s  were made. Evans ( r e f .  19)  a l s o  found unknown t o x i n s  i n  t o x i c  mussel .  I n  
1975, Shimizu  e t  a l .  ( r e f .  20 & 21) found STX and s e v e r a l  unknown t o x i n s  i n  a t o x i c  b i v a l v e  

a r e n a r i a  c o l l e c t e d  f rom N e w  England and a l s o  i n  t h e  r e s p o n s i b l e  p l a n k t o n  g. t a m a r e n s i s .  
When s u b j e c t e d  t o  c o l u m n  c h r o m a t o g r a p h y  o n  Bio-Gel  P-2 a n d  Bio-Rex 7 0  (H'), e a c h  s o u r c e  
gave r ise  t o  s e v e r a l  t o x i n s ,  such  as g o n y a u t o x i n s  1-8 (GTX1-8) and neoSTX, i n  a d d i t i o n  t o  
STX. 

Oshima e t  al .  ( r e f .  22) c o l l e c t e d  p. t a m a r e n s i s  s t r a i n s  and s c a l l o p s  f rom s e v e r a l  areas and 
i n  v a r i o u s  years, and a n a l y z e d  f o r  PSP c o m p o s i t i o n  (Fig.  3). p. t a m a r e n s i s  t o  some e x t e n t  
d i f f e r e d  i n  t o x i n  c o m p o s i t i o n  depending  upon t h e  area and y e a r  of  c o l l e c t i o n .  The s c a l l o p  
s p e c i m e n s  s h o w e d  a t o x i n  c o m p o s i t i o n  c l e a r l y  d i f f e r e n t  f r o m  t h o s e  o f  t h e  r e s p o n s i b l e  
p l a n k t o n ,  s u g g e s t i n g  a n  i n  v i v o  c o n v e r s i o n  between PSP components .  Ueda e t  a l .  ( r e f .  23) 
a l s o  d e s c r i b e d  t h a t  t h e  t o x i n  c o m p o s i t i o n  o f  O f u n a t o  s c a l l o p s  w i d e l y  d i f f e r e d  d e p e n d i n g  
upon t h e  year of  c o l l e c t i o n .  Both r e s e a r c h  groups  d e m o n s t r a t e d  t h a t  t h e  Ofunato  s c a l l o p s  
c o n t a i n e d  a f a i r l y  l a r g e  amount  o f  u n i d e n t i f i e d  t o x i n s ,  i n  a d d i t i o n  t o  known t o x i n s .  
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H a l l  e t  a l .  ( r e f .  2 4 )  i s o l a t e d  f o u r  u n k n o w n  PSP  c o m p o n e n t s  f r o m  P r o t o g o n y a u l a x  s p . ,  a n d  
d e s i g n a t e d  t h e m  B1, B2 ,  C T h e s e  t o x i n s  were e a s i l y  c o n v e r t e d  i n t o  k n o w n  t o x i n s  
u n d e r  a c i d i c  c o n d i t i o n s .  h ioguch i  e t  a l .  ( r e f .  2 5  & 26)  a l s o  i s o l a t e d  o r  d e t e c t e d  f o u r  low- 
t o x i c i t y  c o m p o n e n t s  f r o m  b o t h  t h e  t o x i c  S e n z a k i  Bay o y s t e r  a n d  t h e  r e s p o n s i b l e  p l a n k t o n ,  
a n d  n a m e d  t h e m  p r o t o g o n y a u t o x i n s  1 -4  (PX1-4) .  I t  was f o u n d  l a t e r  t h a t  Hall 's  C1 a n d  C2 
c o r r e s p o n d e d  t o  PX1 a n d  PX2, r e s p e c t i v e l y ,  a n d  t h a t  C2 ( o r  PX,) c o r r e s p o n d e d  t o  GTX8 a n d  C1 
( o r  PX,) t o  t h e  e p i m e r  o f  GTX8, as d e s c r i b e d  be low.  The  t o x i c  a s c i d i a n  r e s p o n s i b l e  f o r  t h e  
p o i s o n i n g  i n c i d e n t  i n  O f u n a t o  showed  a PSP c o m p o s i t i o n  f e a t u r i n g  l a r g e  a m o u n t s  o f  t h e  low-  
t o x i c i t y  c o m p o n e n t s  s u c h  a s  PX1 a n d  PX2 ( r e f .  6 ) .  

T h e  s t r u c t u r e  o f  GTX5 was e l u c i d a t e d  by N i s h i o  e t  a l .  ( r e f .  27 ) .  T h i s  t o x i n  i s  o f  l o w  
t o x i c i t y ,  w i t h  a s p e c i f i c  t o x i c i t y  o f  280 MU/mg. I t  g a v e  r ise  t o  STX when h e a t e d  i n  d i l u t e  
HC1, i n c r e a s i n g  t h e  t o x i c i t y  s h a r p l y .  The t o x i n  c o n t a i n e d  o n e  m o l  S03-/mol, a n d  showed  a n  
N M R  s p e c t r u m  w h i c h  was i n d i s t i n g u i s h a b l e  f r o m  t h a t  o f  STX e x c e p t  f o r  a c h e m i c a l  s h i f t  o f  H 
(13). Based  on t h e s e  a n d  o t h e r  d a t a ,  t h e y  c o n c l u d e d  t h e  s t r u c t u r e  o f  GTX5 t o  b e  c a r b a m o y l -  
N-su l fo -STX ( F i g .  4 ) .  H a r a d a  e t  a l .  ( r e f .  2 8 )  i s o l a t e d  GTX5 a n d  GTX6 f r o m  Pyr. b a h a m e n s e  
v a r .  c o m p r e s s a ,  a n d  e l u c i d a t e d  t h e i r  s t r u c t u r e s  t o  b e  carbamoyl-N-sulfo-STX a n d  -neoSTX, 
r e s p e c t i v e l y ,  by e s s e n t i a l l y  t h e  same t e c h n i q u e s .  The  s p e c i f i c  t o x i c i t y  o f  GTX6 was 290  
MU/mg, b u t  i s  s h a r p l y  i n c r e a s e d  w h e n  i t  was c o n v e r t e d  i n t o  neoSTX o n  a c i d  h y d r o l y s i s .  
A l m o s t  s i m u i t a n e o u s l y ,  K o e h n  e t  a l .  ( r e f .  2 9 )  i s o l a t e d  b o t h  c o m p o n e n t s  f r o m  a 
P r o t o g o n y a u l a x  p l a n k t o n  a n d  c l a r i f i e d  t h e i r  s t r u c t u r e s .  GTX5 a n d  GTX6 c o r r e s p o n d e d  t o  
Hall's B1 a n d  B2, r e s p e c t i v e l y .  

K o b a y a s h i  a n d  S h i m i z u  ( r e f .  30) i s o l a t e d  GTX 
s t r a i n )  a n d  a n a l y z e d  t h e  s t r u c t u r e  b y  m e a n s  ,8f 'H-NMR a n d  

a n d  C2. 

f om a c u l t u i 5  o f  g. t a m a r e n s i s  ( I p s w i c h  
C-NMR s p e c t r o m e t r y .  T h e y  

F i g .  4 .  S t r u c t u r e s  a n d  
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p r o p o s e d  t h e  s t r u c t u r e  o f  carbamoyl-N-sul fo- l l (3-hydroxy-STX s u l f a t e .  I n  t h e  same y e a r ,  
Wichmann e t  a l .  ( r e f .  31) i s o l a t e d  and c r y s t a l l i z e d  two l o w - t o x i c i t y  components  (C1 and C2) 
a n d  d e m o n s t r a t e d  t h e  i d e n t i t y  o f  C2 a n d  C 1  w i t h  GTX8 a n d  i t s  1 1 - d e p i m e r ,  r e s p e c t i v e l y ,  
m a i n l y  by X-ray d i f f r a c t i o n  and NMR a n a l y s e s  (Fig.  4). Onoue e t  a l .  ( r e f .  32)  i s o l a t e d  and 
i d e n t i f i e d  t h e  t w o  new t o x i n s  d e s i g n a t e d  PX1 a n d  PX2 f r o m  t h e  S e n z a k '  o y s t e r  f f d  t h e  
r e s p o n s i b l e  p l a n k t o n  p. c a t e n e l l a .  C - N M R  
s p e c t r o m e t r y ,  t h e y  c o n c l u d e d  t h a t  PX1 a n d  PX2 c o r r e s p o n d e d  t o  H a l l ' s  C a n d  C2,  
r e s p e c t i v e l y .  S p e c i f i c  t o x i c i t i e s  o f  PX1 a n d  PX2 w e r e  30-40 MU/mg a n d  300-6b0 MU/mg, 
r e s p e c t i v e l y ,  b u t  were s h a r p l y  i n c r e a s e d  when t r e a t e d  w i t h  d i l u t e  H C 1 ,  s i n c e  t h e s e  
components  were  c o n v e r t e d  i n t o  GTX2 and GTX3, r e s p e c t i v e l y .  

R e g a r d i n g  PX3 a n d  PX ( o r  Hal l ' s  C 3  a n d  Cq) ,  N o g u c h i  e t  a l .  ( r e f .  2 6 )  d e t e c t e d  t w o  unknown 
s p o t s  i n  a n  e l e c t r o p k e r o g r a m  o f  a S e n z a k i  o y s t e r  e x t r a c t ,  a n d  a s s u m e d  5 p r i o r i  t h e i r  
p resence .  On a c i d  h y d r o l y s i s ,  t h e  two s u s p e c t e d  s p o t s  d i s a p p e a r e d  and i n s t e a d  gave r ise  t o  
GTX4 a n d  GTX r e s p e c t i v e l y .  From t h e s e  r e s u l t s ,  t h e y  p r o p o s e d  c a r b a m o y l - N - s u l f o - l l a -  
hydroxy-neoS& s u l f a t e  and i t s  110-epimer,  as t h e  s t r u c t u r e s  of  PX3 and PX4, r e s p e c t i v e l y  
( F i g .  4 ) .  S u b s e q u e n t l y ,  Hal l  e t  a l .  ( r e f .  3 3 )  s u c c e e d e d  i n  t h e  i s o l a t i o n  o f  b o t h  t h e s e  
components .  Harada e t  al. ( r e f .  34)  i s o l a t e d  a n  unknown PSP component f rom Pyr. bahamense 
v a r .  c o m p r e s s a  a n d  i n f e s t e d  b i v a l v e s ,  a n d  i d e n t i f i e d  i t  as  d e c a r b a m o y l  STX ( F i g .  4 ) .  
Nagashima e t  al .  ( r e f .  35) found t h a t  t h i s  PSP component a c c o u n t e d  f o r  most  of  t h e  t o x i c i t y  
of t h e  t o x i c  d i g e s t i v e  g l a n d  o f  " h i o g i "  s c a l l o p  C h l a m y s  n o b i l i s .  T h i s  t o x i n  was 
demonst ra ted  t o  be d e r i v e d  f rom t h e  PXs e n z y m a t i c a l l y  ( r e f .  36)- 

S h i m i z u  e t  a l .  ( r e f .  20 & 3 7 )  h a v e  i s o l a t e d  a n d  e l u c i d a t e d  t h e  s t r u c t u r e s  o f  o t h e r  PSP 
components .  F i g u r e  4 c o l l e c t i v e l y  shows t h e  s t r u c t u r e s  of  a l l  t h e s e  PSP components ,  a l o n g  
w i t h  t h e i r  s p e c i f i c  t o x i c i t i e s .  They r e p o r t e d  t h e  s p e c i f i c  t o x i c i t y  of neoSTX t o  be 2,000 
MU/mg. D a i g o  e t  a l .  ( r e f .  3 8 )  i s o l a t e d  t h i s  t o x i n  f r o m  a t o x i c  c r a b  a n d  d e t e r m i n e d  t h e  
t o x i c i t y  t o  be  3 , 9 0 0  MU/mg, a s  c i t e d  h e r e .  Very  r e c e n t l y ,  Onoue a n d  Nozawa ( r e f .  3 9 )  
i s o l a t e d  t h r e e  unknown l o w - t o x i c i t y  PSP components  f rom a t o x i c  d i n o f l a g e l l a t e  Cochlodinium 
s p .  They  e x a m i n e d t h e  s t r u c t u r e s  o f t h e  t w o  m a j o r  c o m p o n e n t s , c o n c l u d i n g  o n e  t o  b e  a Zn 
c o m p l e x  o f  PX3 a n d  t h e  o t h e r  t o  b e  t h a t  o f  PX4 ( F i g .  5). 

B a s e d  o n  e l e m e n t a l  a n a l y s i s ,  'H- a n d  

I b  

R 1  

H osog- 

Fig.  5. Proposed s t r u c t u r e s  of  t o x i n s  
and 1, of  Cochlodinium sp. ( r e f .  

I, OSO3- H R 1  R, 

ASSAY METHODS FOR PARALYTIC SHELLFISH POISON 

I n  J a p a n ,  P S P i s  a s s a y e d  by t h e  o f f i c i a l  m e t h o d  u s i n g  m i c e .  I t  r e q u i r e s  ddY s t r a i n  male 
mice w e i g h i n g  18-20  g, b u t  n o t  a n y  s p e c i a l  i n s t r u m e n t a t i o n .  T h i s  m e t h o d  i s  s i m p l e  a n d  
c o n v e n i e n t  b u t  n o t  so a c c u r a t e ,  and c a n  n o t  g i v e  any  i n f o r m a t i o n  on t o x i n  c o m p o s i t i o n ,  n o r  
d i s t i n g u i s h  PSP f rom o t h e r  n e u r o t o x i n s  s u c h  as TTX. I n  a d d i t i o n ,  a n i m a l  r i g h t s  a c t i v i s t s  
a l l  o v e r  t h e  w o r l d  a r e  s t r o n g l y  o p p o s e d  t o  b i o a s s a y  u s i n g  e v e n  m i c e .  T L C  a n d  
e l e c t r o p h o r e s i s  a r e  o f  c o u r s e  u s e f u l  m e a n s  f o r  PSP d e t e c t i o n ,  b u t  n o t  s u i t a b l e  f o r  PSP 
d e t e r m i n a t i o n .  

With t h i s  background,  a t t e m p t s  have  been made t o  d e v e l o p  a n a l y t i c a l  methods  u s i n g  HPLC i n  
J a p a n  a s  w e l l  a s  s o m e  o t h e r  c o u n t r i e s .  Onoue e t  a l .  ( r e f .  4 0 )  p r o p o s e d  a n  HPLC m e t h o d  i n  
w h i c h  PSP c o m p o n e n t s  w e r e  s e p a r a t e d  by i o n  e x c h a n g e  c o l u m n  c h r o m a t o g r a p h y ,  a n d  w e r e  
s p e c t r o f l u o r o m e t r i c a l l y  d e t e c t e d  by means o f  o-phtha la ldehyde  (OPA). The l o w e r  l i m i t  of 
d e t e c t i o n  was 0.1-1 nM depending  upon t h e  PSP component. T h i s  method c a n  assay f o r  PSP and 
TTX s i m u l t a n e o u s l y ,  b u t  h a s  s o m e  d i s a d v a n t a g e s :  e . g . ,  OPA r eac t s  w i t h 6 - a m i n o  g r o u p s  o f  
c o n t a m i n a t i n g  s u b s t a n c e s  s u c h  as f r e e  amino  a c i d s ,  making i t  s o m e t i m e s  d i f f i c u l t  t o  d e t e c t  
PSP p e a k s  i n  t h e  e l u t i o n  p a t t e r n .  O s h i m a  e t  a l .  ( r e f .  4 1 )  d e v e l o p e d  a n o t h e r  HPLC m e t h o d  
f o r  PSP a n a l y s i s  i n  w h i c h  t - b u t y l h y d r o p e r o x i d e  'was u s e d  a s  t h e  f l u o r o g e n i c  a g e n t .  
R e c e n t l y ,  Nagashima e t  al .  ( r e f .  42 & 43)  have developed  a n  i o n - p a i r i n g  r e v e r s e  phase  HPLC 
method i n  which p e r i o d a t e  and o t h e r  compounds a r e  used  as t h e  f l u o r o g e n i c  a g e n t s  (Fig.  6). 
By t h i s  method,  a l l  components  can  be  d e t e r m i n e d  s a t i s f a c t o r i l y  (Fig.  7) .  
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Fig.  6. S c h e m a t i c  d iagram of  HPLC s y s t e m  f o r  PSP a n a l y s i s  ( r e f .  42 & 43).  
A, m o b i l e  p h a s e :  0.05 M p h o s p h a t e  b u f f e r  (pH 7.0) c o n t a i n i n g  2 m M  
h e p t a n e s u l f o n i c  a c i d  and methanol  (99: l )  f o r  GTXs and (75:25) f o r  STXs. 
B-D, r e a g e n t s  f o r  d e t e c t i o n :  B, 0.05 M p e r i o d i c  a c i d ;  C,  0.2 N KOH p l u s  
1 M ammonium f o r m a t e  i n  50% formamide;  D ,  1% c h l o r o a c e t a l d e h y d e  i n  1 M 
c i t r a t e  b u f f e r  (pH 4.0).  
E, 
F and G ,  r e a c t i o n  c o i l s :  7 m x 3 m m  and 10 m x 3 m m ,  r e s p e c t i v e l y .  

s i l i c a  ODS column (300 x 6 mm). 

X 

o x  
o w  e v ,  

5 

0 10 20 0 10 

Retention volume (ml) 
0 10 20 

F i g .  7. HPLC o f  s t a n d a r d  m i x t u r e s  o f  GTXs ( l e f t ) ,  STXs ( c e n t e r )  a n d  PXs 
( r i g h t ) ( r e f .  4 3 ) .  

ICHTHYOTOXICITY 

PS p o i s o n i n g  i n  h u m a n s ,  r e s u l t i n g i n  f r e q u e n t d e a t h s ,  h a s  a l o n g  h i s t o r y .  S e a  b i r d s  a r e  
a l s o  known t o  be c a s u a l t i e s  f rom i n g e s t i n g  t o x i c  b i v a l v e s .  Whi te  ( r e f .  44-46) claimed t h a t  
z o o p l a n k t o n - v e c t o r e d  PSP a l s o  i n t o x i c a t e d  a d u l t  h e r r i n g  i n  Fundy B a y ,  C a n a d a .  He a l s o  
o b s e r v e d  t h a t  m o s t  o f  t h e  h e r r i n g  s p e c i m e n s  were k i l l e d  when PSP was i n j e c t e d  i n t o  t h e  
s tomach a t  a l e v e l  o f  100-200 MU/2Og body weight .  

I n  J a p a n ,  many c u l t u r e d  y e l l o w t a i l s  w e r e  k i l l e d  i n  K i t a u r a  B a y ,  M i y a z a k i  P r e f e c t u r e ,  i n  
1 9 8 2  when a p. c a t e n e l l a  r e d  t i d e  o c c u r r e d .  R e p o r t s  o f  o t h e r  f i s h  m o r t a l i t y  i n c i d e n t s  
a s s o c i a t e d  w i t h  P S P h a v e  b e e n  r a r e .  One o f t h e  r e a s o n s  why s u c h  k i n d s  of  f i s h  m o r t a l i t y  
r e p o r t s  have  been so rare i n  Japan ,  may, a t  least  p a r t l y ,  be e x p l a i n e d  by t h e  p o s s i b i l i t y  
t h a t  f i s h  k i l l e d  i n  t h e  l a r v a l s t a g e  h a v e  b e e n  o v e r l o o k e d .  A s  a n o t h e r  r e a s o n ,  i t  m a y  b e  
p o i n t e d  o u t  t h a t  f i s h  g e n e r a l l y  are h i g h l y  r e s i s t i b l e  t o  PSP a d m i n i s t e r e d  o r a l l y .  TABLE 4 
s h o w s  MLD v a l u e s  f o r  PSP i n  m a r i n e  a n d  f r e s h w a t e r  f i s h e s  ( r e f .  4 7 ) .  When g i v e n  PSP 
i n t r a p e r i t o n e a l l y ,  most  f i s h e s  showed MLD v a l u e s  below a b o u t  10 MU/20 g body w e i g h t ,  w i t h  
somewhat h i g h e r  v a l u e s  f o r  p u f f e r f i s h  and goby. I n  c o n t r a s t ,  a l l  t h e  f i s h e s  t e s t e d  showed 
a much h i g h  r e s i s t i b i l i t y  t o  PSP when a d m i n i s t e r e d  o r a l l y .  A l l  o f  t h e  f i s h  s p e c i e s  t e s t e d  
showed MLD v a l u e s  o v e r  100 MU/20 g, w i t h  t h e  h i g h e s t  v a l u e  of  >1,700 MU/20 g f o r  t i g e r f i s h .  
The mechanism i n v o l v e d  i n  s u c h  a h i g h  o r a l  PSP r e s i s t i b i l i t y  r e m a i n s  t o  be e l u c i d a t e d .  
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TABLE 4. Minimum lethal doses (LD99) of PSP in marine and freshwater 
fishes administered intraperitoneally and orally (ref. 47) 

Fish 

LD99(MU/2O g body 
weight) 

On i.1. On oral 
administ. administ. 

Marine fishes: 
Anchovy 
Horse mackerel 
Mackerel 
Girella 
Japanese parrotfish 
Mullet 
Tigerf ish 
Filef ish 
Flatfish 
Goby 
Puffer 

Engraulis japonica 
Trachurus japonicus 
Pneumatophorus javonicus 
Girella punctata 
Oplegnathus fasciatus 
Mugil cephalus 
Therapon jarbua 
Stephanolepis cirrhifer 
Limanda herzensteini 
Acanthogobius flavimanus 

niphobles 

Freshwater fishes: 
Chum salmon Oncorhynchus keta 
Silver salmon 
Carp Cyprinus carpio 
Rainbow trout Salmo gairdneri 
Tilapia Tilapia nilotica 

0. kisutch - -  

2-4 
1.5-2 
1.5-2 
1-2 
1 
1-2 
1-2 
2-2.5 
- 
9-17 
14-29 

- 
180-200 
125-190 

- 
>1,700 
640-700 
540-600 

<4 - 
7-12 - 
2-5 120 
1-8 320-400 
2-5 >400 

PARALYTIC SHELLFISH POISON-BEARING CRABS 

PSP has also been detected in several other organisms listed in TABLE 5, in addition to the 
above-mentioned plankton and infested bivalves. Among these, xanthid crabs inhabiting the 
tropical islands of the Pacific, possess PSP at a high level (ref. 4). Pufferfish of 
course contain TTX as the major toxin, but also contain PSP as trace components (ref. 48). 
The horseshoe crab (ref. 49) and a calcareous red alga Jania sp. (ref. 50)-a l so  contain low 
levels of PSP. 

In the Southwestern Islands of Japan, at least 29 people were poisoned and at least 15 died 
due to ingestion of xanthid crabs during 1909-1988. Figure 8 shows a leaflet which is 
distributed in these areas to alert visitors. Noguchi et al. (ref. 51) isolated a toxin 
from the toxic crab, and identified it as STX. The toxicity levels of xanthid crab species 
are generally high, with the highest score of 16,500 MU/g being reported. Since the MLD of 
PSP in humans is estimated to be 3,000 MU, only one gram of such a toxic crab specimen 
could kill at least five persons. 

TABLE 5. Additional PSP-bearing organisms 
reported t o  date 

Species Area PC?s con- 
tained as: 

Xanthid crab species: 
-- Zosimus aeneus Ryukyu & Major 
Atergatis floridus Amami Is. components 
Platypodia granulosa 

- -  A .  floridus Pac. coasts Minor 
of Honshu components 

Minor 
components 

Pufferfish ----- 

Horseshoe crab Thailand 
Carcinoscorpius 
rotundicauda 

Calcareous alga Ryukyu Is. 

I A toxic crab produced the following victims. I 

Jania sp. 
Fig. 8. Illustration of a case of crab poisoning. 
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Koyama e t  a l .  ( r e f .  52 & 53) r e - e x a m i n e d  t h e  t o x i n  c o m p o s i t i o n  o f  t w o  t o x i c  s p e c i e s ,  ~- Zosimus a e n e u s  and A t e r g a t i s  f l o r i d u s ,  and f o r  t h e  f i r s t  t i m e  d e t e c t e d  neoSTX, a l o n g  w i t h  
small amounts  o f  GTXs. T o x i c i t y  r a t i o s  of  STX, neoSTX and GTXs were 55-65:30-40:5 f o r  2. 
a e n e u s ,  a n d  5 5 : 4 5 : t r a c e  f o r  A. f l o r i d u s .  I n  a n o t h e r  x a n t h i d  c r a b ,  P l a t y p o d i a  g r a n u l o s a ,  
neoSTX was b a r e l y  d e t e c t e d ,  b u t  i n s t e a d  a n  u n i d e n t i f i e d  t o x i n  was found which  accounted  f o r  
a b o u t  30% t h e  t o t a l  t o x i c i t y .  Y a s u m o t o  e t  a l .  ( r e f .  54) o b t a i n e d  s i m i l a r  r e s u l t s  w i t h  
x a n t h i d  c r a b  s p e c i e s .  O s h i m a  e t  a l .  ( r e f .  55) i d e n t i f i e d  d e c a r b a m o y l  STX i n  Z. a e n e u s  
c o l l e c t e d  f rom t h e  t r o p i c s .  The o r i g i n  of  PSP i n  t h e s e  c r a b s  r e m a i n s  t o  be s o l v e d ,  s i n c e  
known P S P - p r o d u c i n g  p l a n k t o n  s p e c i e s  h a v e  n o t  b e e n  d e t e c t e d  i n  a r e a s  i n h a b i t e d  by t o x i c  
c r a b s .  

As t o  t h e  p h y s i o l o g i c a l  f u n c t i o n  o f  PSP i n  c r a b s ,  N o g u c h i  e t  a l .  ( r e f .  56) f o u n d  t h a t  z. 
a e n e u s  a n d  A. f l o r i d u s  r e l e a s e d  PSP f r o m  t h e  e x o s k e l e t o n  on  l i g h t  w i p i n g  w i t h  g a u z e  
("handl ing s t i m u l u s " ) .  TABLE 6 shows a n  example  o f  s u c h  d a t a .  Some s p e c i m e n s  of  z. a e n e u s  
r e l e a s e d  up t o  800 MU of  t o x i n  on a s i n g l e  h a n d l i n g  s t i m u l u s ,  w h e r e a s  n o n t o x i c  c r a b  s p e c i e s  
r e l e a s e d  n o n e .  When g i v e n  h a n d l i n g  s t i m u l i  o n c e  a d a y  f o r  s e v e r a l  w e e k s ,  z. a e n e u s  
s p e c i m e n s  r e l e a s e d  a d e c r e a s i n g  a m o u n t  o f  t o x i n  d a y  by d a y ,  b u t  s h o w e d  i n c r e a s e d  t o x i n  
r e l e a s e  a g a i n  when r e s t e d  f o r  a week. 

TABLE 6. Deta i l s  o f  t h e  c r a b  s p e c i m e n s  u s e d ,  a l o n g  w i t h  t h e  a v e r a g e  a m o u n t  o f  
t o x i n  r e l e a s e d  p e r  "handl ing  s t i m u l u s "  ( r e f .  56) 

No. of  s p e c i -  No. of Average amount of  t o x i n  

( t e s t ,  days"l) l e a s e d  t o x i n  5 5-10 11-100 101- 

S p e c i e s  P l a c e  of  mens t e s t e d  s p e c i m e n s  r e l e a s e d  p e r  s t i m u l u s  (MU) 
c a t c h  P e r i o d  of  which re- 

Cebu Is . ,  5 ( 1 1 )  5 4 0 1 0 
P h i l i p p i n e s  12  (56) 12 2 2 7 1 

10 (35) 10 0 0 5 5 
Zosimus 
a e n e u s  I s h i g a k i  Is . ,  7 ( 1 1 )  6 2 1 3 0 

Okinawa P r e f .  

Kuroshima Is . ,  6 ( 1 1 )  5 2 2 1 0 

I s h i g a k i  Is.,  6 ( 1 1 )  6 0 2 4 0 

Miura Pen . ,  5 ( 1 1 )  4 3 0 1 0 

Okinawa P r e f .  

A t  e r  g a t  i s  
f l o r i d u s  

Okinawa P r e f .  

Kanagawa P r e f .  
~~ 

P l a t y p o d i a  I s h i g a k i  Is . ,  1 (11) 1 0 1 0 0 
g r a n u l o s a  Okinawa P r e f .  

L e p t o d i u s  Miura Pen. ,  2 (23) 0 0 0 0 0 
e x a r a t u s  Kanagawa P r e f .  

G a i l l a r d i e l l u s  Miura Pen . ,  2 (23) 0 0 0 0 0 
o r i e n t a l i s  Kanagawa P r e f .  

Pachygrapsus  Miura Pen . ,  2 (23) 0 
c r a s s i p e s  Kanagawa P r e f .  

0 0 0 0 

""Handl ing  s t i m u l i ' '  were g i v e n  o n c e  e v e r y  t w o  d a y s  f o r  a t o t a l  o f  11 d a y s ,  o r  
a f t e r  one-week rest ,  were  g i v e n  a g a i n  i n  t h e  same manner f o r  a l o n g e r  p e r i o d  up 
t o  56 d a y s .  

F i s h  g e n e r a l l y  a r e  s e n s i t i v e  t o  n e u r o t o x i n s  s u c h  a s  PSP a n d  TTX. T h i s ,  a l o n g  w i t h  t h e  
a b o v e  o b s e r v a t i o n s ,  s u g g e s t s  t h a t  PSP a c t s  as  a d e f e n s e  a g e n t  i n  t o x i c  c r a b  s p e c i e s .  I n  
t h i s  c o n n e c t i o n ,  t o x i c  c r a b  s p e c i e s  show a much h i g h e r  r e s i s t i b i l i t y  t o  PSP t h a n  d o  
n o n t o x i c  c r a b  s p e c i e s  (TABLE 7 ) .  When a t o x i n  s o l u t i o n  was i n j e c t e d  t h r o u g h  a j o i n t  of  t h e  
l e g ,  s p e c i m e n s  o f  n o n t o x i c  c r a b  s p e c i e s  were  i n s t a n t l y  k i l l e d  a t  1-10 MU/20 g body w e i g h t ,  
whereas  t h o s e  of  t h e  t o x i c  s p e c i e s  s u r v i v e d  even  a t  a s  h i g h  a dosage  a s  up t o  5,000 MU/20 g 
( r e f .  57). T h i s  s u g g e s t e d  t h a t  t o x i c  c r a b  s p e c i e s  are endowed w i t h  a u n i q u e  p h y s i o l o g i c a l  
o r  n e u r o - p h y s i o l o g i c a l  s y s t e m ,  making i t  p o s s i b l e  f o r  them t o  a c c u m u l a t e  l a r g e  amounts  of  
PSP. The mechanism i n v o l v e d ,  however ,  r e m a i n s  t o  be e l u c i d a t e d .  
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TABLE 7. R e s i s t i b i l i t y  o f  a t o x i c  c r a b  (A. f l o r i d u s )  a n d  f i v e  n o n t o x i c  
c r a b s  a g a i n s t  PSP ( r e f .  57)  

P l a c e  o f  Body Time r e q u i r e d  
S p e c i e s  Sex"' Weight Dose (MU/20 g)  u n t i l  d e a t h  

c a t c h  (9 )  (min)"2 

M A r a z a k i ,  3 10,000 ( c r a b  PSP) 60  

M Kominato, 9 10,000 ( II ) 6 0  

M 11 6 10,000 ( 11 ) i n s t .  d e a t h  

F 11 1 4  10,000 ( 11 ) 20 

F 11 7 5,000 ( 11 ) (-) 
F 11 5 5,000 ( i t  ) (-) 

Kanagawa P r e f .  

Chiba P r e f .  

M A r a z a k i ,  7 10,000 ( s c a l l o p  PSP) 25 

A t  e r  g a t  i s  M 11 11 10,000 ( 11 ) 1440 (24  h )  
f l o r i d u s  

M I t  10 2 ,000  ( I 1  ) (-) 
M I t  33 2 , 0 0 0  ( I t  ) (-) 

M 11 20 1,000 ( 11 ) (-) 
M I 1  20 1,000 ( I t  ) (-) 
M 11 20 1,000 ( I t  ) (-) 
F II 1 5  1,000 ( II ) (-) 

Pilumnopeus M 11 2 2 ( I I  ) i n s t .  d e a t h  
i n d i c a  M II 2 2 ( II ) i n s t .  d e a t h  

Pachygrapsus  F II 7 5 (  11 ) 0.7 
c r a s s i p e s  M 11 5 0.8( II ) 0 . 9  

F I 1  5 0.8( II ) 1.1 

L e p t o d i u s  M I 1  6 . 5  3.1 
e x a r a t u s  F 11 3 

M 11 5 

E r i p h i a  F I 1  30 10 ( I I  ) i n s t .  d e a t h  
laev imona  M 11  37 9 ( 11 ) i n s t .  d e a t h  

G a i l l a r d i e l l u s  M 11  6 5 (  11 ) 0.5 
o r i e n t a l i s  

"'M: male ,  F: f e m a l e .  
"2(-): s u r v i v a l .  

PARALYTIC SHELLFISH POISON-PRODUCING BACTERIA 

It  h a s  o f t e n  been r e p o r t e d  t h a t  t h e  t o x i c i t y  l e v e l  of  a b i v a l v e  i s  n o t  always p a r a l l e l  t o  
t h e  d e n s i t y  o f  t h e  r e s p o n s i b l e  P S P - p r o d u c i n g  p l a n k t o n  i n  s u r r o u n d i n g  w a t e r s .  I n  t h i s  
c o n n e c t i o n ,  t h e  a m o u n t  o f  PSP i n  p l a n k t o n  c e l l s  a l s o  d i f f e r s  w i d e l y  d e p e n d i n g  upon t h e  
p l a n k t o n  s t r a i n  and c u l t u r e  c o n d i t i o n s ,  and may d i f f e r  even  between c e l l s  of  t h e  same c l o n e  
( r e f .  58). 

R e c e n t l y ,  some m a r i n e  t o x i n s  such  as TTX and n e o s u r u g a t o x i n  have  been d e m o n s t r a t e d  t o  be 
produced by m a r i n e  b a c t e r i a  ( r e f .  59-62). T h i s ,  a l o n g  w i t h  t h e  above-mentioned phenomena, 
s u g g e s t s  a p o s s i b l e  i n v o l v e m e n t  o f  m a r i n e  b a c t e r i a .  Kodama e t  a l .  ( r e f .  63) r e c e n t l y  have  
r e p o r t e d  t h e  p r o d u c t i o n  o f  STX by a b a c t e r i u m  w h i c h  w a s  i s o l a t e d  f r o m  t h e  n u c l e i  o f  2. 
t a m a r e n s i s  c e l l s  (Fig.  9). 

N o g u c h i  e t  a l .  ( r e f .  6 4 )  s c r e e n e d  f o r  P S P - p r o d u c i n g  b a c t e r i a  i n  P S P - i n f e s t e d  o y s t e r s  
c o l l e c t e d  f rom Senzaki  Bay. The dominant  s t r a i n s  o f  b a c t e r i a  were  i s o l a t e d  and c u l t u r e d  i n  
O R 1  medium ( r e f .  65). H a r v e s t e d  c e l l s  of  e a c h  b a c t e r i a l  s t r a i n  were u l t r a s o n i c a t e d  and t h e  
e x t r a c t s  were examined f o r  t o x i c i t y  by t h e  mouse b i o a s s a y  method. The e x t r a c t  of  a s t r a i n  
(L-2) i s o l a t e d  f r o m  t h e  g i l l  was t o x i c ,  t h o u g h  w e a k l y .  The  t o x i n  p r o d u c t i v i t y  o f  t h i s  
s t r a i n  d e p e n d e d  t o  s o m e  e x t e n t  upon c u l t u r e  c o n d i t i o n s  (TABLE 8). The PSP f r a c t i o n  was 
p r e p a r e d  f r o m  e a c h  o f  t h e  c e l l  e x t r a c t s ,  a n d  s u b j e c t e d  t o  HPLC a n a l y s i s  by N a g a s h i m a ' s  
m e t h o d  ( r e f .  42) .  T h r e e  p e a k s  a p p e a r e d  w h i c h  a g r e e d  w i t h  PX1 2 ,  GTX a n d  neoSTX i n  
r e t e n t i o n  time. These r e s u l t s  e s s e n t i a l l y  s u p p o r t  Kodama's o b s e r v a t i o n .  ?Iowever, f u r t h e r  
s t u d i e s  seem n e c e s s a r y  t o  s u b s t a n t i a t e  PSP-producing b a c t e r i a .  
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A TABLE 8. Toxin p r o d u c t i o n  by b a c t e r i u m  L-2 s t r a i n  under  
v a r i o u s  c u l t u r e  c o n d i t i o n s  (500 m l - f l a s k ) ( r e f .  64)  

Wet weight  T o t a l  
( S T X )  C u l t u r e  c o n d i t i o n s  of  c e l l s  t o x i c i t y  W/g 

2 x OR1 (pH 6 . 4 )  2 .14 4 . 6  2.2 

( 8 )  (Mu) 

A 

11 (pH 5 . 4 )  2.19 3.3 1.5 
11 (pH 7 .6)  2 .02 3 . 6  1.8 

--- 0 10 20 30 40 50 60 11 (0.02% NaC1, 1 .91  <1 
Retent ion t i m e  ( m i n )  pH 7 . 6 )  

Fig.  9. I d e n t i f i c a t i o n  of  a b a c t e r i a l  
t o x i n  a s  s a x i t o x i n  b y  HPLC- 
f l u o r o m e t r i c  a n a l y s i s  ( r e f .  63). 
A, s a x i t o x i n  s t a n d a r d  (0.2 M U ) ;  B,  
b a c t e r i a l  t o x i n  (0 .3  MU). 

CONCLUSION 
PSP h a s  been p o s i n g  a n  i n c r e a s i n g  food-hygienic  problem on a w o r l d w i d e  s c a l e .  I n  1983, f o r  
e x a m p l e ,  a l a r g e  s c a l e  r e d  t i d e  w i t h  Pyr. b a h a m e n s e  a s  t h e  d o m i n a n t  s p e c i e s  s p r e a d  o v e r  
S o u t h e a s t  A s i a ,  r e s u l t i n g  i n  many p o i s o n i n g  i n c i d e n t s  i n  t h e  P h i l i p p i n e s  and T h a i l a n d  ( r e f .  
66). I n  1986, PSP p o i s o n i n g  i n c i d e n t s  were r e p o r t e d  f o r  t h e  f i r s t  time i n  Taiwan ( r e f .  67) 
and Korea ( r e f .  68). Much i n f o r m a t i o n  is  now a v a i l a b l e  on PSP, b u t  t h e r e  s t i l l  r e m a i n  many 
problems t o  be s o l v e d ,  e.g., t h e  i d e n t i f i c a t i o n  of  o t h e r  PSP-producing p l a n k t o n ,  t h e  t r u e  
o r i g i n  o f  PSP, m e t a b o l i c  f a t e  of  PSP components ,  e s p e c i a l l y  of  l o w - t o x i c i t y  components ,  and 
t h e  d e v e l o p m e n t  o f  a n t i d o t e s  t o  PSP. I t  i s  e a g e r l y  h o p e d  t h a t  t h e s e  a n d  o t h e r  PSP- 
a s s o c i a t e d  problems w i l l  be  s o l v e d  by i n t e r n a t i o n a l  c o l l a b o r a t i o n  by s c i e n t i s t s  i n  v a r i o u s  
f i e l d s .  
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