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Effects of Env ironmenta l  Changes  on the Incorporat ion  of Carbon  A t o m s  of Pyruvate  into Mouse  
Brain  and Liver 1 

P r o l o n g e d  e x p o s u r e  of  a n i m a l s  e i t h e r  t o  i s o l a t i o n  o r  t o  
a n  ' e n r i c h e d '  e n v i r o n m e n t  is a c c o m p a n i e d  b y  a w i d e  v a r i e -  
t y  o f  b e h a v i o r a l  c h a n g e s ,  i n c l u d i n g  a l t e r e d  a g g r e s s i v e  2 
a n d  s e x u a l  s b e h a v i o r s  as  wel l  a s  a l t e r e d  l eve l s  o f  e m o t i o n a l  
a r o u s a l  4. Also ,  i t  h a s  b e e n  c l a i m e d  t h a t  s l i g h t ,  t h o u g h  
s i g n i f i c a n t ,  i n c r e a s e s  in  b o t h  b r a i n  w e i g h t  a n d  v o l u m e  c a n  
b e  c a u s e d  b y  e x p o s u r e  of  a n i m a l s  t o  e n r i c h e d  e n v i r o n -  
m e n t s  5-~. H o w e v e r ,  n o  i n f o r m a t i o n  is  p r e s e n t l y  a v a i l a b l e  
w h i c h  r e l a t e s  d i r e c t l y  t h e  e f f e c t s  of  e n v i r o n m e n t  t o  ce re -  
b r a l  e n e r g y  m e t a b o l i s m .  I n  t h i s  n o t e  t h e  e f f ec t s  of  p r o -  
l o n g e d  ' i s o l a t i o n '  o r  ' a g g r e g a t i o n '  of  m i c e  o n  t h e  e n t r y  of  
c a r b o n  a t o m s  of  p y r u v a t e  i n t o  b r a i n  a n d  l i ve r  a r e  p r e -  
s e n t e d .  I n  a d d i t i o n ,  s i n c e  i n j e c t i o n s  of  l i t h i u m  c h l o r i d e  
(LiC1) c a u s e  i n c r e a s e d  g l u c o s e  e n t r y  i n t o  8 a n d  g l y c o g e n  
f o r m a t i o n  b y  9 b r a i n  t i s s u e ,  t h e  p o s s i b l e  i n t e r a c t i o n  be -  
t w e e n  t h e  e f f e c t s  of  t h i s  c o m p o u n d  a n d  t h e  e n v i r o n m e n t -  
a l l y - p r o d u c e d  c h a n g e s  w a s  a l so  s t u d i e d .  

T w o  s e t s  of  e x p e r i m e n t s  w e r e  c o n d u c t e d  u s i n g  w e a n l i n g ,  
m a l e ,  l i t t e r m a t e  (C-57B) m i c e  ( I n d i a n a p o l i s  L a b o r a t o r y  
S u p p l y  Corp . ) .  P r e l i m i n a r y  r e s u l t s  i n d i c a t e d  t h a t  t h e s e  
a n i m a l s  w e r e  less  s u s c e p t i b l e  t h a n  S wi s s  a l b i n o  m i c e  t o  
t h e  t o x i c  e f f ec t s  of  LiC1. I s o l a t e d  m i c e  we re  h o u s e d  i nd i -  
v i d u a l l y  in  s m a l l  (6" X 8"• 10") c a g e s  in  a q u i e t  r o o m  a n d  
t h e i r  l i t t e r m a t e s  w e r e  k e p t  in  l a r g e r  c a g e s  (12" • 14" • 24") 
in  g r o u p s  of  25 ( a g g r e g a t e d ) .  N o  ' e n r i c h m e n t '  w a s  p r o -  
v i d e d  for  t h e  a g g r e g a t e d  a n i m a l s  in  o r d e r  to  s i m p l i f y  t h e  
i n t e r p r e t a t i o n  of  r e s u l t s .  

I n  t h e  f i r s t  s e t  of  e x p e r i m e n t s  m i c e  w e r e  k e p t  u n d e r  iso-  
l a t e d  a n d  a g g r e g a t e d  c o n d i t i o n s  fo r  5 w e e k s  a n d  t h e n  
f a s t e d  for  1 2 - 1 8  h p r i o r  to  r e c e i v i n g  s.c.  i n j e c t i o n s  o f  
0.1 tzC/g of  1 - 1 4 C - p y r u v a t e  ( N e w  E n g l a n d  N u c l e a r  Corp .  ; 
5.9 m C / m m o l e )  in  0 . 1 5 4 M  NaC1 s o l u t i o n .  A n i m a l s  were  
s a c r i f i c e d  30 m i n  l a t e r  b y  i m m e r s i o n  in  l i q u i d  n i t r o g e n  a n d  
t h e i r  b r a i n s  ( a b o v e  t h e  l eve l  o f  t h e  co l l i cu l i  a n d  e x c l u d i n g  
t h e  c e r e b e l l u m )  w e r e  e x c i s e d  r a p i d l y ,  h o m o g e n i z e d  in 
3.0 m l  o f  8 0 %  e t h a n o l  s o l u t i o n  a n d  e x t r a c t e d .  R a d i o -  
a c t i v i t y  w a s  m o n i t o r e d  in  a l i q u o t s  o f  t h e  h o m o g e n a t e s  a n d  
e x t r a c t s  u s i n g  a P a c k a r d  M o d e l  2002 s c i n t i l l a t i o n  c o u n t e r .  
C o r r e c t i o n s  for  q u e n c h i n g  a n d  c o n v e r s i o n  o f  c p m  t o  d p m  
w e r e  m a d e  b y  a m e t h o d  of  c h a n n e l s - r a t i o .  T h e  s t r i k i n g  
c h a n g e s  in  t h e  i n c o r p o r a t i o n  of  p y r u v a t e  c a r b o n  i n t o  b r a i n  
c a u s e d  b y  e x p o s u r e  t o  t h e  d i f f e r e n t  e n v i r o n m e n t s  a r e  
s h o w n  in  T a b l e  I.  T h e  d a t a  i n d i c a t e  a l so  t h a t  3 0 - 3 8 %  of  
t h e  ~ C  in  b r a i n  is  n o t  r e a d i l y  e x t r a c t a b l e ,  i.e., t h a t  t h i s  
p o r t i o n  m a y  b e  i n c o r p o r a t e d  i n t o  m a c r o m o l e c u l e s  o r  li- 
p i d s .  

I n  t h e  s e c o n d  s e t  of  e x p e r i m e n t s  a n i m a l s  we re  i s o l a t e d  o r  
a g g r e g a t e d  fo r  10 -11  w e e k s  a n d  we re  n o t  f a s t e d  p r i o r  t o  

e x p e r i m e n t a t i o n .  T h r e e  h b e f o r e  s.c.  i n j e c t i o n  of  t h e l a b e l l e d  
p y r u v a t e ,  a l l  a n i m a l s  we re  i n j e c t e d  i .p.  w i t h  e i t h e r  NaC1, 
550 m g / k g ,  or  LiC1, 200 or  400 m g / k g .  T h e  m i c e  we re  sac r i -  
f i ced  b y  d e c a p i t a t i o n  30 m i n  a f t e r  r e c e i v i n g  p y r u v a t e  a n d  
t h e i r  b r a i n s  a n d  l i ve r s  w e r e  h o m o g e n i z e d .  R e s u l t s  s h o w n  
in  T a b l e  I I  c o n f i r m  t h e  d i f f e r e n c e  in  c e r e b r a l  r a d i o a c t i v i t y  
f o u n d  b e t w e e n  i s o l a t e d  a n d  a g g r e g a t e d  m i c e  ( T a b l e  I) a n d  
a l so  i n d i c a t e  t h a t  i n j e c t i o n s  o f  LiC1 c a u s e  i n c r e a s e d  in -  
c o r p o r a t i o n  of  r a d i o a c t i v i t y  (of p y r u v a t e )  i n t o  t h e  b r a i n s  
of  i s o l a t e d  mice .  T h e  v a l u e s  s h o w n  for  m i c e  r e c e i v i n g  t h e  
l a r g e r  d o s e  of  LiC1 w e r e  i n d i s t i n g u i s h a b l e  f r o m  t h o s e  of  
a g g r e g a t e d  (cont ro l )  a n i m a l s  r e c e i v i n g  NaC1. S ince  s i m i l a r  
r e s u l t s  w e r e  o b t a i n e d  w i t h  l i ve r  ( T a b l e  II) i t  a p p e a r s  t h a t  
t h e  e f f ec t  of  i s o l a t i o n  o n  t h e  d i s p o s i t i o n  of  c a r b o n  a t o m s  
of  p y r u v a t e ,  a s  wel l  a s  t h e  r e v e r s i b i l i t y  o f  t h i s  e f f ec t  b y  
Li+,  m a y  b e  a m o r e  w i d e s p r e a d  p h e n o m e n o n  t h a n  w a s  
e x p e c t e d .  

I t  is  n o t e w o r t h y  t h a t  i n j e c t i o n s  of  LiC1 e x e r t e d  no  ob-  
v i o u s  e f f ec t s  o n  t h e  e n t r y  of  p y r u v a t e  c a r b o n  a t o m s  i n t o  

Table II. Effects of injections of LiC1 on the incorporation of carbon 
atoms of 1-14C-pyruvate into the brains and livers of isolated and 
aggregated mice 

Radioactivity in tissue extracts; dpm/g 
fresh weight ( X 10 -s )  

Injection Isolated Aggregated 

Brain 

Control: NaC1 {550 mg/kg) 18.14-0.96 f41 26.7• (6) b 
LiCI (200mg/kg] 23.44-2.61 (4) 28.84-3.43 (6) 
LiC1 (400mg/kg) 29.24-3.52 (41 �9 27.94-2.48 (5) 
Liver 
Control: NaC1 (550 mg/kg) 87.7• (4) 123.44-13.47 (6) 
LiC1 (200mg/kg 73.04-7.54 (4) 149.54-21.87 (6) ~ 
LiC1 (40O mg/kg) 105.44-5.15 (4) a 128.24-15.62 (5) 

Animals (isolated or aggregated for 10-11 weeks) were not  fasted, and 
tissues were dissected out at room temperature. Means z= standard 
errors, of the means; numbers of mice in parentheses; �9 indicates 
p<0 .05  with respect to control isolated group; b indicates p<0.025 
with respect to isolated group; c indicates p < 0.05 with respect to the 
isolated group which received the same dose of LiC1 (Student 's  t-test; 
one-tailed). 

Table I. Effects of environmental changes on the incorporation of 
carbon atoms of 1-14C-pyruvate into mouse brain 

Radioactivity; dpm/g frozen brain 
( x 10 -8) 

Isolated Aggregated 

Whole homogenate 29.94-1.93 (8) 49.3-4-1.66 (6) ~ 
Ethanolie extract 17.0-4-0.57 (7) 34.5+0.60 (6) �9 

Animals (isolated or aggregated for 5 weeks) were fasted for 12-18 h 
prior to experiments, and brains were dissected out in the frozen 
state after 'quick-freezing' the whole animals in liquid N~. Means :x 
s tandard errors, of the means; numbers of mice in parentheses; 

indicates p ~ 0.001 with respect to isolated mice (Student 's  t-test ; 
two-tailed). 
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the  bra ins  and livers of aggregated  animals  and t h a t  the  
to ta l  r ad ioac t iv i ty  found in bra in  ex t rac t s  was qui te  simi- 
lar in fas ted  (Table I) versus non- fas ted  (Table II) animals.  
We do no t  know at  th is  t ime  whe the r  the  increased ~4C 
found in the  bra ins  of aggregated  mice or in those  of iso- 
la ted mice which received in jec t ions  of LiC1 is d i s t r ibu ted  
uni formly  among  in t e rmed ia ry  metabo l i t es  or whe the r  it  
is incorpora ted  specifically into cer ta in  pharmacologica l ly-  
ac t ive  subs tances  (e.g., the  amino  acids g lu t ama te  and 
GABA). 

Rdsumd. L' incorpora t ion  des a tomes  radioact i fs  de 
1-x4C-pyruvate dans  le cerveau des souris est  plus mar-  

qu6e q u a n d  les an i mau x  ont  soumis ~ un i so lement  pro-  
long6: 
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Pancrea t i c  I s le t  Cell D a m a g e  in Mice  P r o d u c e d  by 

I t  has  been suspected  t h a t  viral  infect ion can cause 
d iabetes  mell i tus  in man  ~-5, based on clinical evidence 
wi th  isolat ion of viruses and de t e rmina t i on  of rising t i ters  
of neut ra l iz ing  ant ibodies  to cer ta in  viruses. Never theless ,  
the  pathogenesiS of d iabetes  mel l i tus  by  viruses needs 
clarif ication.  

In  expe r imen ta l  studies,  CRAIGHEAD et al. 6,7 repor ted  
d iabetes  mell i tus  or d iabetes  mell i tus- l ike syndrome  
associa ted wi th  islet cell damage  of pancreas  in mice in- 
fected wi th  encepha lomyocard i t i s  (EMC) virus suggest ing 
t h a t  the  virus acts  on the  islets of Langerhans  to  reduce 
the  mass  of funct ional  fl-cells. But  viral  crys ta ls  have  
never  been  shown di rec t ly  in the  damaged  fl-cells of the  
islets of Langerhans .  In  our s tudies  we located and 
d e m o n s t r a t e d  bo th  EMC and  Coxsackie B 1 virus crys ta ls  
in fl-cells of the  islets of Lange rhans  in the  pancreas  of 
mice infected wi th  these  two viruses. The f indings of 
s ignif icant  islet cell necrosis wi th  demons t r a t i on  of viral  
crys ta ls  in the  damaged  fl-cells of the  islets of Langerhans  
of mice proved  t h a t  viruses do produce  islet damage.  

The source of our EMC virus has been  previously  
repor ted  s. The Coxsackie virus B 1 was a virus s tock 
received f rom the  Communicab le  Disease Center  in 1959, 
I t  has  been  passed once in K B  cells and twice in mon k ey  
k idney  cells. 

Three groups of a r a n d o m  breed s t ra in  of H a M / I C R  
mice of d i f ferent  ages (new-born,  8-day-old and  young 
adult)  were used for EMC virus inocula t ion and  3 o ther  
groups of the  same s t ra in  of mice (new-born, 14-day-old 
and  young  adult)  were used for Coxsackie virus  B~ in- 
oculat ion.  

The mice were in jec ted  i.p. w i th  0.05 ml  to 0.2 ml  of 
EMC virus  cul ture fluid wi th  a t i t e r  of 10 -6 TCID60/ml or 
wi th  0.1 ml  to 0.2 ml  of Coxsackie virus B 1 cul ture fluid 
wi th  a t i t e r  of 10 4 TCiDa0/ml. Control  mice were in jec ted  
i.p. w i th  the  same amoun t s  of virus-free cul ture  fluids. 

The EMC virus  infected mice were killed 1 to  3 days  and 
the  Coxsackie virus B1 infected mice were killed 1 to  8 
days  af ter  viral  inoculat ion.  Control  mice for each group 
were killed a t  the  same t imes  as the  infected animals.  

Histologically,  all mice infected wi th  ei ther  virus 
showed mild  to severe pancrea t ic  islet cell degene ra t i on  
and  necrosis, usuaIly beginning on the  f irs t  day  af ter  in- 
oculat ion.  The acinar  cells also showed damage  associa ted 
wi th  in te rs t i t i a l  i n f l ammat ion  of the  pancreas .  As t ime  
e lapsed the  lesions became more extens ive  and  widespread.  
Generally,  the  acinar  cell damage  of the  EMC virus infect-  
ed mice was less severe t h a n  t h a t  of the  Coxsackie virus 

C o x s a c k i e  B 1 and E n c e p h a l o m y o c a r d i t i s  V i r u s e s  1 

B 1 infected mice. At roph ic  changes  of islets of Langerhans  
were no ted  in the  Coxsackie virus B 1 infected mice 4 days  
af ter  inoculat ion.  

E lec t ron  microscopical ly,  crysta ls  of EMC and  Coxsac- 
kie B 1 viruses were d e m o n s t r a t e d  in {/-cells as well as in 
acinar  cells of the  pancreas  along wi th  s ignif icant  ul tra-  
s t ruc tu ra l  changes.  In  mos t  mice the  damage  to the  
pancrea t i c  cells was so severe t h a t  it  was v i r tua l ly  impos-  
sible to  ident i fy  the  cell type .  In  the  ident i f iable  fl-cells of 
mice infec ted  wi th  EMC virus the  damage  was usual ly 
severe, whereas  t he  damage  to the  fi-cells of mice infected 
wi th  Coxsackie B 1 virus was mild to modera te .  W i t h  
ElViC virus  infection,  vacuoles and vesicles of u n k n o w n  
na tu re  formed and  the  R E R  usually became di lated.  
There  was a decrease in fl-granules in some of the  severely 
damaged  fl-cells. W i t h  Coxsachie virus B~ infect ion,  the  
damage  was usual ly res t r ic ted  to t h a t  por t ion  of the  cell 
in which  the  viral  crysta l  was present .  In  the  area sur- 
rounding  the  viral  crystals ,  vesicles and vacuoles formed.  
The mi tochondr i a  appeared  swollen and there  was 
evidence t h a t  the  fl-cell granules had  become dissolved 
and t h a t  the  granule core was condensed.  The pancrea t ic  
t issues of the  contro l  an imals  were normal .  

T h a t  EMC virus infected mice have  islet cell damage  and 
develop diabetes  mell i tus-l ike syndrome  has been  shown6,L 
Coxsackie virus B 1 infected mice showed islet cell damage  
s imilar  to t h a t  of mice infected wi th  EMC virus,  b u t  it  is 
no t  known whe the r  d iabetes  mel l i tus  could also occur in 
Coxsackie virus B,  infected mice. Biochemical  s tudies  of 
th is  na tu re  are in progress  in th is  labora tory .  

The Coxsackie virus B 1 is one of the  viruses known to 
infect  man.  Clinically, some diabet ic  pa t i en t s  have  shown 
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