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Histochemistry of Glutamic-Oxaloacet ic  Transaminase  in Mouse Liver During MHV-3 Infection 

Mouse hepa t i t i s  v i rus  (MHV-3) causes  a h e p a t i t i s  in  
mice  t h a t  ha s  m a n y  cha rac te r i s t i c s  i n  c o m m o n  w i t h  infec- 
t ious  h e p a t i t i s  of man .  The  disease develops,  in  t h e  
mouse  inocu la ted  in t r ape r i t onea l ly ,  in  a b o u t  72-96 hours .  
A t  a b o u t  t h e  24 th  h of infec t ion ,  h y p e r a e m i a  of t h e  
hepa t i c  p a r e n c h y m a  a n d  diffuse cell i n f i l t r a t i on  appear ,  
whi le  a t  a b o u t  t h e  48 th  h of i n f ec t i on  focal or sub-  
mass ive  necrosis  deve lops  in  t h e  liver.  P a r e n c h y m a t o u s  
necrosis  gets  p rogress ive ly  worse  a n d  becomes  mass ive  
f rom a b o u t  t h e  72 th  to  t he  96 th  h in  t h e  a n i m a l s  
t h a t  su rv ive  1. 

I n  t he  h e p a t i t i s  of t he  mouse  caused  b y  MHV-3  virus ,  
as in h u m a n  hepa t i t i s ,  cha rac t e r i s t i c  modi f i ca t ions  of t h e  
GOT and  G P T  2 ac t iv i t i e s  c an  be  obse rved  3,4. These  
modi f i ca t ions  cons is t  in  t h e  r e m a r k a b l e  increase  of b o t h  
GOT a n d  G T P  s e r u m  levels  w i t h  t h e  invers ion  of t h e i r  
n o r m a l  r a t io  G O T / G P T  as t he  c o n t e m p o r a r y  a n d  propor -  
t i ona l  decrease  of these  ac t iv i t i e s  in  l iver  t i ssue  homoge-  
na t e s  has  been  d e m o n s t r a t e d  4. 

E v e n  t h o u g h  a h i s t o c h e m i c a l  t e c h n i q u e  for  d e m o n -  
s t r a t i n g  G P T  a c t i v i t y  is n o t  ava i l ab le  i n s t ead  i t  is 
possible  to  d e m o n s t r a t e  GOT a c t i v i t y  in  t he  h e p a t i c  
t i ssue  5. I t  the re fore  a p p e a r e d  of i n t e r e s t  to  s t u d y  t h e  

b e h a v i o u r  a n d  t h e  local iza t ion  of G O T  a c t i v i t y  in  t h e  
l iver  of mice  in fec ted  w i t h  MHV-3  virus ,  in  o rder  to  
o b t a i n  f u r t h e r  i n f o r m a t i o n  a b o u t  t h e  r e l a t ionsh ips  b e t w een  
t h e  increase  of G O T  a c t i v i t y  in  t h e  s e r u m  a n d  t h e  b e h a v -  
iour  of th i s  same  e n z y m e  in h ep a t i c  t issue.  

Materials and methods. A l b i n o  mice,  swiss  s t r a i n  
( fu rn i shed  b y  Morini ,  I t a ly )  weighing  12-15 g, nou r i shed  
w i t h  a b a l a n c e d  d ie t  (MIL, Morini ,  I t a ly )  were used. 
Vi rus :  MHV-3  fu rn i shed  b y  t h e  A m e r i c a n  Type  Cul tu re  
Col lect ion a n d  m a i n t a i n e d  in our  l a b o r a t o r y  in r ecep t ive  
a lb ino  mice.  

H i s t o c h e m i c a l  t e c h n i q u e  : GOT a c t i v i t y  was d e t e r m i n e d  
us ing  t h e  m e t h o d  of LEE a n d  THORACK s wh ich  foresees 
t h e  i n c u b a t i o n  of t h e  l iver  sect ions  in  a m e d i u m  consis t -  
ing of 20 m M  L-aspar t ic  acid, 2 m M  e -ke tog lu ta r i c  
acid, 50 m M  imidazole  a n d  5 m M  lead n i t r a t e  a t  p H  
7.2-7.4 an d  a t  r oom t e m p e r a t u r e  (20~ ~ 

T h e  fol lowing r eagen t s  were used :  z - a spa r t i c  acid 
(Sigma),  e -ke tog lu ta r i c  acid (Sigma),  imidazole  (Merck), 
g l u t a r a l d e h y d e  (Fischer) .  All  o the r  r eagen t s  were suppl ied  
b y  Merck.  To d e t e r m i n e  GOT a c t i v i t y  in  t h e  serum,  t h e  
U V - T e s t  (Boehringer)  was  used. 

Experiments. The  mice were inocu la t ed  i.p. w i t h  0.10 ml  
of b r o t h  c o n t a i n i n g  1000 LDs0 of M H V - 3  virus .  Af ter  
12, 24, 48, 72 a n d  95 h, t h e  mice were k i l led  b y  d e c a p i t a t i o n  
a n d  t h e i r  l ivers,  r ap i d l y  w i t h d r a w n ,  were  p u t  i n to  an  
I n t e r n a t i o n a l  c r y o s t a t  mode l  CTI o p e r a t i n g  a t  a t emp e r -  
a t u r e  of -25  ~ T h e  l ivers  were cu t  i n to  sect ions  a b o u t  
7-10 m ~  t h i c k  which ,  p laced  on  a coversl ip,  were f ixed 
for  1 ra in  in  1% g l u t a r a l d e h y d e  in  imidazo le -n i t r i c  acid 
buf fe r  a t  0 ~ a n d  t h e n  in 4 %  f o r m a l d e h y d e  in t h e  same 
buf fe r  an d  a t  t h e  same t e m p e r a t u r e  for 20 r a i n .  The  
successive s tages  were car r ied  o u t  as descr ibed b y  LEE 
a n d  Tt-IORACK 5. 

AS a con t ro l  of t h e  specif ic i ty  of t h e  h i s tochemica l  
reac t ion ,  some sect ions  were i n c u b a t e d  in a m e d i u m  

Fig. 1. Normal mouse liver showing GOT activity around a centro- 
lobular vein. 

1 M. P~zz*, in Experimental Viral Hepatitis (Ed. Ch. Thomas, 
Springfield, Illinois, USA 1969), p. 24. 

2 In this paper the following abbreviations are used : GOT, glutamic- 
oxaloacetic transaminase; GPT, glutamic-pyruvic transaminase. 

s 1~. DE RITIS, ~r COLTORTI and G. GIUSTI, Boll. Soc. ital. Biol. sper. 
31, 394 (1955). 
F. DE RITIS, M. COLWOg~I and G. GIUSTI, Science 724, 32 (1956). 

5 S. H. L~E and R. M. THORACK, J. Cell Biol. 39, 716 (1968). 
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l Fig. 2. Behaviour of GOT activity in the serum of mice during 
MHV-3 infection, 
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Fig. 3. Liver of mouse with focal necrosis (48 h after infection). A high 
GOT activity in necrotic areas is observable. 

Fig. 4. Liver of mouse with massive necrosis (96 h after infection). The 
liver cells are almost completely devoided of GOT activity. 

l ack ing  ~-ke tog lu ta r ic  acid a n d  in wh ich  t h e  L-aspar t ic  
acid h a d  been  s u b s t i t u t e d  b y  an  equ imolecu la r  q u a n t i t y  
of L-glutamic  acid. As con t ro l  an imals ,  b o t h  u n t r e a t e d  
mice  and  mice  inocu la t ed  i.p. w i t h  0.10 m l  of s ter i le  
b r o t h  were used. 

Observations. The  hepa t i c  t i ssue  of t he  con t ro l  a n i m a l s  
shows t he  f ina l  r e a c t i o n  p r o d u c t  as fine, b r o w n i s h  pa r t i -  
cles in t he  cy top lasm.  (Figure  1). I n  t h e  infec ted  an imals ,  
12 a n d  24 h a f t e r  v i rus  inocula t ion ,  the  h e p a t i c  t i ssue  
shows a n  e n z y m a t i c  a c t i v i t y  t h a t  does n o t  v a r y  f rom 
t h a t  of t he  con t ro l  an ima l s  a n d  n o r m a l  va lues  of GOT in 
t he  s e rum can  be  found.  Af te r  48 h, w h e n  t he  necro t ic  
p h e n o m e n a  beg in  to man i f e s t  themse lves ,  a s h a r p  increase  
of GOT a c t i v i t y  in t h e  l iver  t i s sue  a n d  the  s e rum can  be  
obse rved  (Figure  2). A t  th i s  t ime,  in  some an ima l s  a 
sub -mass ive  necros is  a n d  in o thers  a zonal  necrosis  can  
be  found.  I n  t h e  former,  t he  GOT a c t i v i t y  in  l iver  cells is 
increased  un i fo rmly ,  b u t  t h e  few areas  of h e a l t h y  pa ren -  
c h y m a  show a n  e n z y m a t i c  a c t i v i t y  no t  d i f fe ren t  f rom 
t h a t  of t h e  controls .  The  g rea tes t  increase  of GOT a c t i v i t y  
is found  in  t h e  l ivers  w i t h  zona l  necrosis,  b u t  i t  is s t r i c t l y  
l imi ted  to t he  necro t ic  a reas  (Figure  3). F r o m  72 to 
96 h a f te r  infect ion,  in  t he  su rv iv ing  animals ,  a mass ive  
hepa t i c  necrosis  can  a lways  be  noted .  I n  t he se  an imals ,  
t h e  h e p a t i c  t i ssue  shows a scarce or even  a b s e n t  GOT 
ac t iv i ty ,  whi le  v e r y  h i g h  levels of e n z y m a t i c  a c t i v i t y  in  
t he  s e rum are found  (Figure 4). 

Comment. F r o m  t h e  d a t a  g iven  i t  can  be  deduced  t h a t  
t h e  increase  in GOT a c t i v i t y  in  t he  l iver  of mice  infec ted  
w i t h  MHV-3  v i rus  is s t r i c t ly  r e l a t ed  to  h e p a t i c  necrosis" 
I n  fact,  before  t h e  appea rence  of necro t ic  p h e n o m e n a ,  
t h a t  is before  t h e  48 th  h of infect ion,  no increase  in t h e  
e n z y m a t i c  a c t i v i t y  in  t h e  hepa t i c  t i ssue  can  be  observed .  
Moreover ,  in t he  l iver  of t he  an ima l s  in  wh ich  a focal  
necrosis  is p resen t ,  t h e  increase  in  e n z y m a t i c  a c t i v i t y  is 
s t r i c t ly  l imi t ed  to t h e  areas  of necrosis  whi le  t h e  su r round -  
ing t i ssue  shows n o r m a l  levels of ac t iv i ty .  O t h e r  a u t h o r s  
h a v e  d e m o n s t r a t e d ,  b y  b iochemica l  me thods ,  t h a t  a 
r e m a r k a b l e  increase  of G O T  se rum a c t i v i t y  d u r i n g  MHV-3  
infec t ion  occurs  t o g e t h e r  w i t h  a s i m u l t a n e o u s  r ap id  
decrease  of GOT levels in  l iver  homogena tes3 ,  4. These  
a u t h o r s  h a v e  p o s t u l a t e d  t h a t  t h e  increase  of GO T  
a c t i v i t y  in  t he  s e rum was due  to a release of t he  e n z y m e  
b y  t he  m e m b r a n e s  of t he  d a m a g e d  l iver  cells. Therefore ,  
t h e  h i s tochemica l  f ind ing  of a n  increased  GOT a c t i v i t y  in  
l iver  cells showing  sub -mass ive  necrosis  (48th  h f rom 
infect ion)  Js in a g r e e m e n t  w i t h  th i s  hypo thes i s .  On t h e  

o the r  hand ,  t h e  h igher  GOT a c t i v i t y  in  l iver  p a r e n c h y m a  
e x h i b i t i n g  a focal necrosis  is d i f f icul t  to  expla in .  Th i s  
f ind ing  could  be  i n t e r p r e t e d  b y  cons ider ing  t h a t  t h e  focal  
necrosis  is a n  in i t ia l  s tage  of t h e  l iver  damage ,  where  t h e  
r ap id  ou t f low of en zy mes  f rom d a m a g e d  cells in to  t h e  
blood st i l l  does  n o t  occur.  This  hypo thes i s ,  never the less ,  is 
c o n t r a d i c t e d  b y  t h e  presence  of h igh  GOT levels  in t h e  
blood. 

T h e  pers i s t ence  of h i g h  G O T  levels in the  s e rum d u r i n g  
t e r m i n a l  s tages  of in fec t ion  whereas  t h e  e n z y m e  ac t iv i ty ,  
f rom t h e  h i s t ochemica l  v iewpoin t ,  is a l m o s t  absen t ,  
c a n n o t  be  easi ly in t e rp re t ed .  I t  can  be  h y p o t h e s i zed  t h a t ,  
in t h e  m o r i b u n d  an imals ,  a h i g h  res idual  s e r u m  G O T 
a c t i v i t y  is p r e s en t  a f t e r  the  comple t e  ou t f low of t h e  
e n z y m e  f rom t h e  necro t ized  l iver  cells. 

' W e  are  unable ,  a t  p resen t ,  to  exp la in  c o m p l e t e l y  
these  resu l t s  an d  f u r t h e r  s tud ies  are in progress  on  t h e  
r e l a t ionsh ips  b e t w een  t h e  h i s tochemica l  p ic tu re  of focal  
an d  mass ive  necrosis,  respect ively ,  an d  the  b e h a v i o u r  of 
G O T  a c t i v i t y  in t h e  s e rum in these  e x p e r i m e n t a l  condi-  
t ions .  

Riassunto. Gli a u t o r i  h a n n o  s tud i a to  i s t o c h i m i c a m e n t e  
il c o m p o r t a m e n t o  dell 'attivitS~ GOT nel  fegato di t op i  
i n f e t t a t i  con  v i rus  MHV-3.  Alla  48 ~ ora  dal l , infezione si 
h a  u n  no tevo le  a u m e n t o  d e l l ' a t t i v i t ~  enz imat ica ,  s t r e t t a -  
m e n t e  lega to  al la  necrosi  pa r ench ima le .  Tale  a u m e n t o  
maggiore  net  fegat i  con  necrosi  focale che n o n  in quel l i  
con necrosi  sub-mass iva .  Vengono  discussi  i r epe r t i  is to-  
chimici  e le loro corre laz ioni  con i va lor i  d e l l ' a t t i v i t ~  
GOT nel  siero degli  an i ma l i  i n f e t t a t i  e con i da t i  b iochi -  
mici  r i p o r t a t i  da  a l t r i  Autor i .  
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