
1518 Specialia EXPERIENTIA 29[12 

S t u d i e s  on  t h e  T i m e  C o u r s e  of E n t r y  a nd  S u b c e l l u l a r  D i s t r i b u t i o n  of R a d i o a c t i v i t y  of  
(aH) d - A m p h e t a m i n e  in  t h e  B r a i n s  of D i f f e r e n t i a l l y - H o u s e d  M i c e  ~ 

F r o m  a r ecen t  s tudy ,  i t  was conc luded  t h a t  in jec t ions  of 
d - a m p h e t a m i n e  in to  mice exposed  to p ro longed  per iods  of 
d i f fe ren t ia l  hous ing  decreased  select ively  t he  i nco rpo ra t i on  
of c a r b o n  a t o m s  of D-glucose in to  t he  b ra ins  of ' i so l a t ed '  
mice ~. I t  is the  purpose  of t h i s  r e p o r t  to  p rov ide  ev idence  
for a m e c h a n i s m  b y  wh ich  d - a m p h e t a m i n e  caused th i s  
se lect ive  c h a n g e  in t he  b r a i n s  of i so la ted  mice. 

Maleeicds a~d methods. Male, weanl ing,  C-57 B lack  mice  
( Ind ianapo l i s  Lab .  Supply)  were k e p t  e i the r  ' i so la ted '  or 
' agg rega t ed '  in  groups  of 16-26 for 5-9  weeks  ~. Mice 
were fas ted  before  in jec t ions  wh ich  were m a d e  in t he  
d a y t i m e  d u r i n g  w i n t e r  a n d  spring.  (all) d - a m p h e t a m i n e -  
SO~ (New E n g l a n d  Nuc lea r  Corp. ;  6.2 C i / m M )  was 
c o m b i n e d  w i t h  un labe l l ed  d - a m p h e t a m i n e - S O ~  (If & If  
Labs)  to  p r epa re  a so lu t ion  of 6.25 ~xCi/ml (2.5 mg/ml)  of 
d - a m p h e t a m i n e - S O ~  in 0.154 M NaC1. Mice were decapi-  
t a t e d  a t  2-124 m i n  a f t e r  i.p. i n j ec t ion  of 50 m g / k g  of th i s  
solut ion,  and  the i r  b ra ins  (rostral  to  t he  infer ior  colliculi) 
were excised rap id ly ,  weighed,  a n d  hom ogen i zed  in ice- 
cold 80% e t h a n o l  so lu t ion  (v/v).  Since C-57 B lack  mice 
are v e r y  r e s i s t a n t  to  d - a m p h e t a m i n e %  a h igh  dose was 
used. Al iquo t s  of h o m o g e n a t e s  were c o u n t e d  s. For  
s tud ies  on  t he  subcel ]u lar  d i s t r i b u t i o n  of (~H) d - a m p h e t -  
amine ,  mice were e i the r  in jec ted  i.p. w i t h  (all) d - a m p h e t -  
a m i n e  (50 mg/kg)  a n d  sacrif iced 30 m i n  later ,  or sacr i f iced 
w i t h o u t  in jec t ion .  B r a i n s  were homogen ized  in 10 vols 
0.32 M sucrose solut ion.  Fo r  unin j  ected mice  t h i s  con ta in -  
ed (all) d - a m p h e t a m i n e  (1 FCi/ml). All h o m o g e n i z i n g  
f luids c o n t a i n e d  0.2 pCi /ml  U (~C) sucrose (New E n g l a n d  
Nuc lea r  Corp. ; 505 m C i / m M ) .  B r a i n s  were cen t r i fuged  to 
o b t a i n  ' c rude  nuc lea r '  (P0,  ' synap tosoma l ,  m i t o c h o n d r i a l '  
(Pc) and  'microsomal ,  r i bosoma l '  (S~) f rac t ions  6. Pa r t i cu -  
l a te  f rac t ions  of t he  b ra ins  of ha l f  of t he  mice  in each  
group were p r e p a r e d  in  i sosmot ic  sucrose so lu t ion  con- 
t a i n i n g  40 m M  NaC1. Al iquo ts  of all f r ac t ions  were coun t ed  
us ing  a double- i so tope  procedure ,  a n d  the i r  t o t a l  p ro t e in  
con t en t s  were de te rmined~.  One i so la ted  and  one aggre-  
ga ted  mouse  were sacr i f iced a t  a b o u t  17 m i n  a f te r  i.p. 
i n j ec t ion  of (~H) d - a m p h e t a m i n e  P~ f rac t ions  were 
r e - suspended  in 3.5 ml  0.32 M sucrose so lu t ion  and  2.0 ml  
of each  f r ac t ion  were layered  on to  g rad ien t s  (0.4-1.8 M 
sucrose) a n d  cen t r i fuged  a t  137 ,000xg ,  1.5 h. Smal l  
f r ac t ions  of t he  g rad ien t s  were collected,  and  radio-  
a c t i v i t y  and  t o t a l  p ro t e i n  were e s t ima ted .  

Results. Resu l t s  in  F igure  1 ind ica t ed  t h a t  (all) 
d - a m p h e t a m i n e  en te red  mouse  b r a i n  b y  a n  in i t ia l  r ap id  
phase  l as t ing  for a b o u t  10 min  and  t h a t  m a x i m a l  b r a i n  
levels were r eached  a t  a b o u t  15-25 min .  D u r i n g  t he  fa i l ing  
phase  t he  (3H) p r e sen t  in the  b r a i n s  of ' i so la ted '  mice was 
g rea te r  t h a n  t h a t  of the  ' agg rega t ed '  mice.  Resul t s  shown 
in Tab le  I i nd ica t ed  t h a t  h o m o g e n i z a t i o n  of t i ssue  in t he  
presence  of 40 m M  NaC1 increased  m a r k e d l y  the  a m o u n t  
of r a d i o a c t i v i t y  due  to  b o t h  (3H) d - a m p h e t a m i n e  and 
(14C) sucrose found  in t he  P~ f rac t ions  of b r a i n  These  
differences  are bes t  exp la ined  as be ing  due to t h e  in- 
creases in  P t  we igh t  caused  b y  t he  ' c l m n p i n g '  of par t ic les  
b y  t he  excess Na+ (see ref. 6). I t  was  shown  also t h a t  
a f te r  in j ec t ion  of (~H) d - a m p h e t a m i n e ,  t h e  (~H) c o n t e n t s  
of P2 f r ac t ions  p r e p a r e d  in Na+-free m e d i a  were lower for 
' agg rega ted '  t h a n  for ' i so la ted '  mice. W h e n  t he  r e t e n t i o n  
of d - a m p h e t a m i n e  was expressed on a p ro t e in  bas is  i t  
b e c a m e  e v i d e n t  t h a t  more  d - a m p h e t a m i n e  ( +  m e t a b -  
olites) was  b o u n d  pe r  m g  p r o t e i n  to  b o t h  t he  P t  a n d  P~ 
f rac t ions  of ' i so la ted '  mice  (Table  II) .  I t  was  also ev iden t  
t h a t  Na+ caused  a n  ex tens ive  release of (~H) f rom b o t h  
P l  and  P~ par t ic les .  Us ing  l inea r  g rad ien ts ,  i t  was  shown  
t h a t  more  (SH) was r e t a ined  b y  t he  P~ f rac t ions  f rom the  
' i so la ted '  mouse  b r a i n  (Figure  2). The  (~H) in t he  P2 
f rac t ions  of b o t h  mice  was local ized in a region of low 
dens i t y  (about  0.5-0.7 M) sucrose so lu t ion  w h i c h  has  
been  shown  to c o n t a i n  n e r v e  e n d i n g  m e m b r a n e s  and 
synap t i c  vesicles 6. All dif ferences  b e t w e e n  ' i so la ted '  and 
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Fig. 1. Time course of (3H) content of the brains of 'isolated' and 'aggregated' mice after i.p. injection of (~H) d-amphetamine-SO 4 
(50 mg/kg; 0.1 ~xCi/g). At the times designated, mice were sacrificed and their brains were excised rapidly, freed of excess blood, weighed, 
and homogenized in 3.0 mI of ice-cold 80% ethanol solution (v/v). Aliquots of homogenates were counted directly. Experiments were 
conducted in both mornings and afternoons as indicated. The estimated curve is for 'isolated' mice and lies above most of the 
points of 'aggregated' mice in its declining phase. 
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Table I. Dis t r ibu t ion  of r ad ioac t iv i ty  of (3H) d - amphe tamine  and (14C) sucrose in subcel lular  fract ions of the bra ins  of ' i solated '  and  'aggre-  
ga ted '  mice;  effects of Na + 

Sal t  in  homogen i l i ng  fluid 
Rad ioac t i v i t y  (dpm x 10 -8) 
In  PI f ract ion In  P2 fract ion 

s H t4 C 3H 14 C 

d-Amphe tamine  in  homogeniz ing fluid 
Iso la ted  mice 

Na+-free 468 4- 62 58 j= 6 755 4- 27 48.5 4- 3 
4 0 m M N a C 1  1048-4-23 ~ 1 2 6 4 - 5 ~  180 4- 9 ~ 22 .5 : ] -2  ~ 

Aggregated  mice 

Na+-free 492 4- 15 60 4- 3 754 • 18 48 4- 2 
4 0 m M N a C 1  1065- t -29  a 1 2 8 4 - 5 ~  177 4- 9 ~ 2 3 . 5 i l  �9 

In jec ted  wi th  d - amphe tamine  
I so la ted  mice 

Na+-free 8 4- 1 59 4- 3 14.2 4- 2.2 54 4- 4 
40 m M  NaC1 1 5 ~ 1  ~ 128-4-4 �9 3.0 4- 0.4 ~ 24 4 - 3  ~ 

Aggregated  mice 

Na+-free 8 4- 1 70 4- 6o 11.8 6- 1.5 b 54.5 • 4 
40 m M  NaC1 15 4- 2 �9 129 4- 3 ~ 2.9 4- 0.4 ~ 24.5 4- 3.5 ~ 

Means 4- s t anda rd  devia t ions ;  n -- 6 for values  ob ta ined  wi th  addi t ion  of (3H) d -amphe tamine-SO 4 to homogeniz ing  fluid, and  n = 5 for 
values  ob ta ined  30 rain af ter  i.p. in jec t ion  of (all) d -amphetamine-SOs;  homogeniz ing  fluids conta ined 0.2 ~tCi/ml @4C) sucrose; a indica tes  
p = 0.001 for compar isons  of values  for Na+-free vs 40 m M  NaCI; b and  c indica te  p < 0.02 and p < 0.001 for comparisons be tween these 
values  and  corresponding values  for ' i solated '  mice (S tudent ' s  t - test ;  2-tailed). P1 = pel le t  from 1000 • g eentr i fugat ions  of 2.0 ml  of homo- 
genate ;  Aliquots  (1.2 ml) of S 1 fract ions were centr i fuged a t  17,000 • g, 55 min  to ob ta in  P2 (pellet) and  S 2 (supernatant)  fractions. Percentage  
recoveries were 79-110% for (SH) and 81-99% for (14C). 

Table  I I .  D i s t r ibu t ion  of d - amphe tamine  in  par t i cu la te  f ract ions of 
the  bra ins  of ' i sola ted '  and  ' aggrega ted '  mice expressed Oil a pro te in  
basis ;  effects of Na + 

Sal t  in  homogeniz ing  fluid d -amphe tamine  (p-mole/mg protein) 

Pl f ract ion Pe f ract ion 

d - A m p h e t a m i n e  in  homogeniz ing  f luid 
Iso la ted  mice 
Na+-free 6.5 • 0.35 6.7 • 0.25 
40 m M  NaC1 4.6 i 0 .3b 6.2 • 0.4 a 

Aggrega ted  mice 
Na+-free 6.4 i 0.6 6.8 -= 0.2 
40 m M  NaC1 4.3 4- 0.15 b 6.25 -4- 0.4 ~ 

In jec ted  wi th  d - a m p h e t a m i n e  
I so la ted  mice 
Na+-free 1.6 • 0.25 1.65 • 0.25 
40 m M  NaC1 1.0 4- 0.1b 1.45 -t- 0.2 

Aggrega ted  mice 
Na+-free 1.4 4- 0.2 1.45 • 0.25 
40 m M  NaC1 1.0 4- 0.15 b 1.25 4- 0.15~ 

Means 4- s t anda rd  dev ia t ions ;  n = 6 for values  ob ta ined  wi th  (SH) 
d -amphe tamine -SO 4 in homogeniz ing  fluid, and  n = 5 for values  ob- 
t a ined  wi th  (~H) d - a m p h e t a m i n e - S Q  inject ions;  ~ and  b ind ica te  
p < 0.05 and p < 0.001 for comparisons  be tween values  for t issues 
homogenized in Na+-free vs 40 m M  NaC1; c ind ica tes  p < 0.05 be- 
tween th is  va lue  and the corresponding one for ' i solated '  mice.  Stu- 
den t ' s  t - tes t ;  i - ta i led) .  
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Fig. 2. Subcel lular  profiles of (SH) and  pro te in  of P2 fract ions 
prepared  from the bra ins  of an ' i sola ted ' and  an  ' aggrega ted '  mouse  
and  resolved on l inear  sucrose gradients .  
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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. 

2 TI~. WIELAND, Science 759, 946 (1968). 
s L. FIU~E and TtI. WIELAND, FEBS Lett. 8, 1 (1970). 
4 A. CRISAFULLI and C. M. SPAGNOLI, Arch. De Veeehi 2, 400 (1940). 

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. 


