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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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s ignif icant ly  high t i ters  of neutra l iz ing an t ibodies  to 
Coxsackie B viruses 4,5. I t  m a y  be assumed,  therefore,  
t h a t  Coxsackie virus B 1 can cause diabetes  mel l i tus  in 
m a n  and o the r  animals .  The f indings in the  expe r imen t s  
descr ibed above  prov ide  s t rong  evidence for a viral  
e t iology of d iabetes  mell i tus,  since the  direct  viral  invasion 
of fl-cells of islets of Langerhans ,  followed by  cell degene- 
ra t ion  and  necrosis  and  la ter  a t roph ic  changes,  can  
f inal ly reduce the  mass  of funct ional  fl-cells of the  islets of 
Langerhans .  

inf iz ier ten M/tusen gefunden.  Die Inselzellen zeigten 
sowohl le ichte  als auch schwere Sch~idigung. 
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Effec t s  of  B e n z o ( a ) p y r e n e  on  I s o l a t e d  Rat  L i v e r  M i t o c h o n d r i a  

In  a previous  s tudy,  the  au thors  observed t h a t  hepa-  
tocy tes  of ra t s  t r ea t ed  wi th  benzo(a)pyrene  u n d e r w e n t  
a l te ra t ions  of the  endop lasmic  re t icu lum and  the  mi- 
t ochondr i a ;  these were, in part icular ,  swollen, showed 
a pale mat r ix ,  rare cr is tae and an increase of the  manni to l -  
impermeab le  spaces 1. I t  was not  clear, however,  whe t h e r  
these  mi tochondr ia l  modi f ica t ions  were due  to  the  
benzo(a)pyrene  act ion di rec t ly  exer ted  on the  mito-  
chondr ia l  m e m b r a n e s  or to a med ia te  or indi rec t  ac t ion 
of the  same toxic  subs tance  th rough  the  si tes of o the r  
sub-s t ruc tures  of the  hepa tocy tes .  To clarify th is  histo-  
genet ic  ques t ion  the  p resen t  communica t ion  repor t s  the  
t r e a t m e n t  of isolated ra t  l iver mi tochondr i a  in v i t ro  w i th  
benzo(a)pyrene.  

The p repa ra t ion  of the  mi tochondr i a  was carried out  a t  
0 ~ The ra ts  were killed and bled. The pools of l ivers 
prev ious ly  minced and  washed  in sucrose (0 .25M and 
0.44M) were homogenized  for 3 min  in a Po t te rZElvehjem 
homogenizer  wi th  a tef lon pest le  in the  same sucrose 
solution.  The homogena t e  was then  centr i fuged for 10 min  
at  5,500 g. The precipi ta te ,  consis t ing of t he  mi tochondr ia ,  
was resuspended  in sucrose wi th  the  passages of the  pest le  
carr ied out  manua l ly  and then  centr i fuged for 10 rain a t  

10,000 g. The mi tochondr ia l  pel le t  ob ta ined  was washed 
twice wi th  sucrose 0.25 M. 

The mi tochondr i a  t hus  isolated were resuspended  and 
mixed  in an e lec t romagnet ic  agi ta tor  in an aqueous solu- 
t ion of 2% 3-4 benzo(a)pyrene  for 30 rain 3. I m m e d i a t e l y  
the rea f t e r  the  mi tochondr i a  were washed wi th  a sucrose 
solut ion 0 .25M and fixed in 3% g lu ta ra ldehyde  di luted 
in 0 .13M phospha t e  buffer  at  p H  7.4 for 1 h, washed wi th  
buffer,  pos t - f ixed  in phospha t e  buffered (pH 7.4) 1% 
osmium te t rox ide  wi th  added  sucrose for 1 h, dehyd ra t ed  
in e thanol  and emb ed d ed  in araldite.  

F r o m  the  mater ia l  t r ea ted  in th is  way, u l t ra - th in  
sect ions were p repared  wi th  a Po r t e r -B lum MT2 ultra- 
mic ro tome;  these  were then  s ta ined  wi th  uranil  ace ta te  and 
lead c i t ra te  and  observed under  an E lmiskop  1A electron 
microscope.  

The mi tochondr i a  thus  t r ea ted  increased in vo lmne  and 
had  a roundish  shape,  a pale and homogenous  matr ix ,  

1 L. CUCCURULLO and G. I~[ANOCCHIO, unpublished observations. 
2 A. VESCIA, G. G. GrODANO and G. HERMANN, J. molee. Biol. 33,625 

(1968). 

Fig. 1. Mitochondria treated increased, presented a pole, homogenous Fig. 2. The cytoplasmic matrix is swollen and in the mitochondria 
matrix and rare and broken eristae, which reached striking volume it appeared rarefied. 


