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' aggrega ted '  mice which  have  been descr ibed here were 
no t  ev iden t  unless t he  (~H) d - a m p h e t a m i n e  was in jec ted  
in to  t he  mice;  "i.e., these  could not  be shown when  
brains  were mere ly  homogenized  in t he  presence  of 
(3H) d - amphe t am ine .  

Discussion. In  th is  r epor t  we have  p re sen ted  d a t a  
which  indicate  t h a t  t he  act ion of d - a m p h e t a m i n e  of 
decreas ing select ively the  e n t r y  of glucose carbon a toms  
into the  bra ins  of ' i so la ted '  mice e is corre la ted  wi th  an 
increased re ten t ion  of (SH) of in jec ted  (all) d - a m p h e t a m i n e  
by  par t ic les  in the  P2 f rac t ions  of the i r  brains.  Pe rhaps  
the  mos t  l ikely exp lana t ion  is t h a t  due  to  a more  rap id  
ra te  of me tabo l i sm in ' aggrega ted '  (hyperact ive)  mice 
(Figure 1), d - a m p h e t a m i n e  is metabo l ized  and  excre ted  
more  rap id ly  and  therefore  does no t  exer t  such a pro-  
nounced  effect  on bra in  me tabo l i sm  (see also reference s). 
I t  should be no ted  t h a t  the  results  p resen ted  here, as 
well as those  in our previous  repor t s  ~, S, were ob ta ined  
wi th  mice subjec ted  to 'p ro longed '  per iods  of different ia l  
housing and therefore  are no t  expec ted  to  be in accord 
wi th  results  of ' s ho r t - t e rm '  s tudies  9,10. The da t a  ob ta ined  
in th is  s tudy,  and  in o ther  s tudies  involving environ-  
men ta l  effects on me tabo l i sm and drug  action, m a y  be 
subjec t  to va r ia t ion  due to  a n u m b e r  of factors  such as: 
1. changes  in b o d y  or amb ien t  t e m p e r a t u r e n ;  2. d iurnal  
r h y t h m i c i t y  12,18; 3. size of t e s t  c o m p a r t m e n t  ~4; 4. s t ra in  
of mice4; 5. condi t ions  of housing pr ior  to  expe r imen t s ;  
6. seasonal  influences.  In  any  case, i t  seems reaconable  to 
suspect  t h a t  social isolat ion of animals,  including man,  

m a y  cause changes  in the  cent ra l  act ions  of add ic t ive  
drugs 15. 

Rdsumd. La r6tent ion  de (3H), apr~s l ' in jec t ion  de (3H) 
d - a m p h 6 t a m i n e  chez des souris, rut  plus marqu6e  dans  
des par t icules  synap t iques  q u a n d  les an imaux  ava ien t  
6t6 soumis g u n  iso lement  prolong& 
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Pathogenesis of Gastro-Intestinal Symptomatology During Poisoning by Amanitaphalloides 
During  the  poisoning of humans  by  dmanita phalloides 

the  f i rs t  s y m p t o m s  appear  af ter  10-24 h -  v io lent  abdom-  
inal pains,  vomi t ing  and pe r s i s t en t  diarrhoea.  

So far  it  has  been excluded 1 t h a t  these  gas t ro in tes t ina l  
s y m p t o m s  migh t  be due to  amani t ins  or phalloidins,  
which  are t he  cy to tox ins  responsible  for damage  to l iver 
and k idney  in Amanita phalloides poisoning 1-s. This  
belief derives f rom the  f inding t h a t  admin i s t r a t ion  of 
these  toxins  in com mon  exper imen ta l  animals  (mouse, 
ra t  and  guinea-pig), whe the r  orally or by  injection,  does 
no t  produce  gas t ro- in tes t ina l  symptoms .  This  reasoning,  
however ,  takes  no account  of the  fact  t h a t  even a to ta l  
ex t r ac t  of Amanita phalloides produces  no such symp-  
t o m s  in these  animals,  whereas  the  earlier l i te ra ture  4 

informs us t h a t  to ta l  ex t rac t s  admin i s t e red  orally or by  
in ject ion to dogs do produce  gas t ro- in tes t ina l  symptoms .  
Therefore it is the  dog, no t  the  mouse,  ra t  or guinea-pig,  
which  should be chosen for inves t iga t ions  on the  gastro-  
in tes t ina l  s y m p t o m s  produced  in Man by  Amanita phal- 
loides. 

1 Tm WIELAND and O. WIELAND, in Microbial Toxins (Eds. S. KA- 
DIS, A. CIEGLER and S. J. AJL; Acad. Press, New York 1972), vol. 
8, p. 249. 
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Fig. 1. Stomach of a dog killed by ~-amanitin. Mucosa of the fundus. Fig. 2. Brunner's gland in the duodenum of a dog killed by cr 
Atrophy of chief cells with pieknosis of nuclei. Em. Eos. • 525. tin. Marked changes of nuclei. Em. Eos. • 525. 
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The  a im  of t he  p r e sen t  s t u d y  has  been  to  f ind  ou t  
w h e t e r  ~ -amani t in ,  t h e  m a i n  c y t o p a t h i c  t o x i n  in Amani la  
phalloides ~, produces  gas t ro - in t e s t i na l  lesions in  dogs 
l ead ing  to v o m i t i n g  a n d  d ia r rhoea .  4 dogs (hencefor th ,  
1, 2, 3 a n d  4) a n d  4 Swiss a lb ino  ma le  mice  were used. 
Before  a d m i n i s t r a t i o n  of e - a m a n i t i n  t he  dogs were ob- 
served  for 2 weeks, to  ensure  t h a t  t h e y  were in good 
hea l th .  

I n j e c t i o n  w i t h  e - a m a n i t i n  was pe r fo rmed  on dogs 1, 2 
a n d  3 (8.5 kg  male,  8 kg female,  6 kg male,  respect ively) ,  
t he  doses be ing  0.6 m g / k g  s.c., 0.3 m g / k g  s.c. and  0.5 m g / k g  
i.p. respect ively .  Dog 4, a 12 kg male,  was g iven  no 
~ - a m a n i t i n ;  i t  was sacr i f iced to p rov ide  a sample  of 
morpho log ica l ly  n o r m a l  cells f rom the  a l i m e n t a r y  cana l  
of a dog. 

D e a t h  in t he  f i rs t  3 dogs was caused b y  e - a m a n i t i n ,  in  
t he  4 th  b y  v e i n - c u t t i n g  u n d e r  e the r  anaes thes ia .  The  4 
mice were ki l led 24 h a f te r  i.p. i n j ec t ion  of 0.5 m g / k g  of 
e - ama n i t i n .  

A u t o p s y  was pe r fo rmed  on al l  4 dogs a n d  4 mice. For  
h is to logica l  e x a m i n a t i o n ,  pieces of liver,  k idney,  a n d  
s tomach ,  a n d  of va r ious  p a r t s  of the  i n t e s t i ne  were 
r e m o v e d  and  were f ixed in 4 % fo rma l in  buf fe red  to p H  7 
and  in Ruf f in i ' s  l iqu id  No. 3. Af te r  be ing  e m b e d d e d  in 
paraf f in ,  sect ions  were s t a ined  w i t h  h e m a t o x y l i n  a n d  
eosin. 

Dogs 1, 2 a n d  3 b e g a n  to suffer  f rom v o m i t i n g  a n d  
d i a r rhoea  9-11 h, a n d  died  20-24 h, a f te r  i n j ec t ion  of 
e - ama n i t i n .  A t  a u t o p s y  the  m u c o s a  of s t o m a c h  an d  
i n t e s t i ne  in all 3 dogs was found  to  be  reddened .  The  in- 
t e s t i na l  mucosa  was covered  b y  a ca t a r rh - l i ke  s u b s t a n c e  
which,  in  t he  j e j u n u m  and,  especially,  i leum, appea red  
to be  hemorrag ic .  

The  h is to logica l  e x a m i n a t i o n  of t he  o rgans  of dogs 1, 2 
and  3 revea led  severe lesions in some cells in  t he  s tomach ,  
d u o d e n u m ,  j e j u n u m  a n d  i leum. The  surface ep i the l i a l  
ceils of t he  s tomach ,  a n d  the  chief  and  pa r i e t a l  cells of t h e  

g lands  of t h e  f u n d u s  an d  b o d y  of t h e  s t o m a c h  were al l  
d a m a g e d  (Figure 1). I n  t h e  smal l  in tes t ine ,  t h e  surface cells 
a n d  t h e  cells of t h e  glands,  inc lud ing  B r u n n e r ' s  g lands  ill 
t i le d u o d e n u m  (Figure 2 a n d  3), were affected.  T h e  m a i n  
damage ,  a ves icu la r  appea rance ,  pycnos i s  a n d  ka ryo r rhe -  
xis, was  found  in nuclei.  

Tile ra t io  b e t w een  n u m b e r s  of d a m a g e d  and  a p p a r e n t l y  
u n d a m a g e d  cells was  m u c h  h ighe r  in  t h e  d u o d e n u m  t h a n  
in t h e  s tomach ,  j e j u n u m  a n d  i leum;  in t h e  l a t t e r  organs  
m o s t  cells h a d  a n o r m a l  appea rance ,  a n d  lesions were 
found  only  in s ingle cells or smal l  groups  of cells s ca t t e r ed  
t h r o u g h  t h e  mucosa.  No i n f l a m m a t i o n  of t h e  gast ro-  
i n t e s t i n a l  mucosa  was obse rved  in a n y  of t h e  4 mice  
ki l led af te r  a d m i n i s t r a t i o n  of e - a m a n i t i n ;  no r  d id  h is to-  
logical  e x a m i n a t i o n  revea l  signs of d a m a g e  in t h e  epi- 
the l i a l  cells of t h e i r  a l i m e n t a r y  canal .  

Our  research  shows t h a t  t h e  in j ec t ion  of c~-amanitin 
in to  dogs leads to  v o m i t i n g  a n d  d ia r rhoea .  I n  con t rad ic -  
t i on  to p rev ious  op in ion  on t h i s  subjec t ,  i t  is the re fore  
h igh ly  p r o b a b l e  t h a t  t h e  gas t ro - in t e s t i na l  s y m p t o m s  
obse rved  in Man  du r ing  po i son ing  b y  Amani ta  phalloides 
are due to  t h i s  t o x i n  (and to  t h e  o the r  aman i t i n s ,  wh ich  
ac t  in  t h e  same  way  5). 

T h e  c y t o p a t h i c  effect  of e - a m a n i t i n  is due  to  i ts  capa-  
c i ty  to  i n h i b i t  R N A - p o l y m e r a s e  I I  in  eukar io t i c  cells 1, 3, 6. 
There  are, however ,  some cells wh ich  are n o t  d a m a g e d  b y  
th i s  tox in .  There  is ev idence  t h a t  t h i s  res i s tance  is due  
to  e - a m a n i t i n  be ing  u n a b l e  to  p e n e t r a t e  in to  these  cells :. 

The  dif ference b e t w een  t h e  effects of e - a m a n i t i n  on  dogs 
a n d  mice is p r o b a b l y  due  to  i ts  be ing  ab le  to  p e n e t r a t e  
in to  some of t h e  ceils in  t h e  gas t ro - in t e s t i na l  cana l  in t h e  
fo rmer  b u t  n o t  t h e  la t te r .  I n  t h e  dog t h e  p r o b a b l e  order  
of even t s  is: 1. ~ - a m a n i t i n  en te r s  in to  some of cells in  t h e  
gas t r ic  an d  i n t e s t i n a l  mucosa,  d a m a g i n g  them,  2. th i s  
d a m a g e  leads to  gas t ro-enter i t i s ,  w i t h  v o m i t i n g  an d  
d iar rhoea .  

The  i n c a p a c i t y  of ~ - a m a n i t i n  to  p e n e t r a t e  in to  t h e  cells 
of t h e  gas t ro - in t e s t i na l  cana l  in  mice would  exp la in  b o t h  
the  absence  of gas t ro - in t e s t i na l  lesions a n d  also w h y  t h e  
mouse,  wh ich  is h igh ly  sens i t ive  to  in jec ted  e - aman i t i n ,  
is h igh ly  r e s i s t an t  to  i t  w h e n  a d m i n i s t e r e d  oral ly  1. 

T h e  fac t  t h a t  in t h e  dog t h e  p r o p o r t i o n  of d a m a g e d  cells 
is m u c h  h igher  in t h e  d u o d e n u m  t h a n  in  o the r  p a r t s  of 
t h e  gas t ro - in t e s t i na l  cana l  could be due to  a poss ible  
e l i m n i t a t i o n  of in jec ted  a m a n i t i n  t h r o u g h  t h e  bile. 

Riassunto. L' in iez ione  di c~-amanit ina causa  nel  cane  
u n a  gas t roen te r i t e  con v o m i t o  e d iar rea .  P e r t a n t o ,  
c o n t r a r i a m e n t e  a quello che si credeva,  la s i n t o m a t o -  
logia gas t ro in t e s t i na l e  n e l l ' a v v e l e n a m e n t o  u m a n o  da  
Amani ta  phalloides g con m o l t a  p r o b a b i l i t s  p r o v o c a t a  da 
q u e s t s  toss ina .  
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