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H i s t o c h e m i c a l  D e m o n s t r a t i o n  of y - G l u t a m y l t r a n s p e p t i d a s e  in Rat  Liver after 
P o r t a c a v a l  A n a s t o m o s i s  

As a l ready described,  y -g lu tamyl t r anspep t idase  (GGTP, 
y-glu tamyl t ransferase ,  E.C.2.3.2.1) is bare ly  measurable  
in adul t  r a t  liverZ. By h is tochemica l  demons t ra t ion ,  the  
enzyme has been de tec ted  in Kupf fe r  cells, endo the l ium 
of per ipor ta l  vessels and bile duc t  epitheliumS. High  
ac t iv i ty  of GGTP has  been repor ted  in liver of fetal  and  
normal  neonata l  r a t s  3, ~, in chemical ly  induced ra t  hepa-  
t omas  5 and in ra ts  af ter  por tacava l  shun t  (PCS4). These 
f indings were in te rp re ted  as a r eaqu i rement  of a b iochemi-  
cal feature,  which domina tes  in the  fetus bu t  is repressed 
in adul t  liver. 

A B C 

1 2 3 4 5 6 7 8 9 t0  

Fig. 1. The striped bars represent the relative evaluation of GGTP- 
activity in the rat iiver by histochemicai demonstration: 1. 15th day 
of gestation; 2. 18th day of gestation; 3. newborn; 4. 3rd day after 
birth; 5. 5th day after birth; 6. 10th day after birth; 7. adult rat; 
8. 10 days after portacaval shunt (PCS); 9. 20 days after PCS and 
10.30 days after PCS. The hexagonal scheme show in A) the diffuse 
distribution, in B) the flux into the periphery and in C) the reappear- 
ance of the enzyme in a liver lobulus. 

The a im of th is  s t u d y  was to demons t r a t e  by  histo-  
chemical  means  whe the r  such ontogenic  reversion,  wi th  
its squ i red  fetal  b iochemica l  features  af ter  por tacava l  
shunt ,  also develops the  same d i s t r ibu t ion  of enzymat i c  
ac t iv i ty  af ter  PCS as could be d e m o n s t r a t e d  in fetal  
liver. 

The me t h o d s  appl ied  were the  por t acava l  anas tomos is  
af ter  HERZ et al. ~ wi th  subsequen t  h is tochemica l  demon-  
s t ra t ion  of G G T P  af ter  RIJTENB~RG et a l )  using the  
subs t ra te  N- (y-L-gluts myl ) -4-methoxy-  2 -naph thy lamide  
(Cyclo Chemical  Corp., Los Angeles, Calif., USA).  

As Figure I shows, tile GGTP-d i s t r ibu t ion  in the  liver 
undergoes  a charac ter i s t ic  change in pos tna t a l  life as well 
as af ter  po r t acava l  shun t  opera t ion.  In  t he  fetal  and  
newborn  liver, the  enzyme is regularly d i s t r ibu ted  th rough  
the  whole  tissue. All hepa tocy te s  show a fine react ion 
deposi t ,  and  the  bile capillaries a p p a r e n t l y  conta in  mos t  
of the  ac t iv i ty .  

In  the  pos tna t a l  period,  the  enzyme gradual ly  becomes 
localized towards  the  per ipor ta l  areas of the  lobuli. At  
the  10th day  af ter  b i r th ,  the  ac t iv i ty  was  low as in the  
adul t  rat ,  and the  local izat ion of the  enzyme deposi t  was 
the  same. These observa t ions  are in accordance  wi th  the  
biochemical  de te rmina t ions  4. In  the  per iod af ter  PCS, the  
hepa tocy tes  a round the  hepat ic  lobules show the  f irs t  
signs of enzymat i c  act iv i ty .  Subsequent ly ,  all l iver cells 
be tween  the  per ipor ta l  areas and the  middle  of the  lobule, 
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Fig. 2. Distribution of y-glutamyltranspeptidase as histochemical reaetionproduct in the rat liver of a) newborn, b) adult and c) 30 days after 
portacaval shunt. 
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beg in  to show G G T P  synthes is .  This  e n z y m e  f l uc t u a t i o n  
in t he  p o s t n a t a l  period,  and  a f t e r  d e v i a t i o n  of p o r t a l  
b lood supply,  can  be  u n d e r s t o o d  if one considers  t he  f ine 
c i r cu la to ry  s i t u a t i o n  in t he  hepa t i c  lobulus.  There  is a 
zonal  r e l a t i onsh ip  b e t w e e n  ceils c o n s t i t u t i n g  t he  lobulus  
a n d  t h e i r  b lood  supply.  The  h e p a t o c y t e s  s i t u a t e d  close 
to t he  ax ia l  t e r m i n a l  b r a n c h e s  (vena  p o r t a e  a n d  a r t e r i a  
h e p a t i c a  propr ia)  are t he  f i rs t  to  be  suppl ied  w i t h  f resh 
blood, r i ch  in oxygen  a n d  nu t r i en t s .  T h e y  fo rm t h e  mos t  
ac t ive  a n d  r e s i s t a n t  core of the  lobulus :  t h e y  are  t h e  las t  
to  die and  the  f i rs t  to  regenerateT.  I n  our  case, t h e y  are 
t he  las t  to  s top  and  t he  f i r s t  to  s t a r t  to  re - syn thes ize  
GGTP.  The  more  d i s t a n t  t he  cells are f rom t h e  s i te  where  
t he  t e r m i n a l  po r t a l  a n d  a r t e r i a l  b r a n c h e s  e m p t y  in to  
s inusoids,  t he  poore r  is t he  q u a l i t y  of b lood t h a t  b a t h e s  
t h e m .  

Af te r  t h e  p o r t a c a v a l  shun t ,  all b lood o r ig ina t i ng  f rom 
the  in tes t ines ,  sp leen a n d  panc rea s  (insulin,  glucagon) 
s topped  f lowing t h r o u g h  t he  liver.  The  b lood  is t h e n  
p rov ided  b y  t he  a r t e r i a  h e p a t i c a  p rop r i a  coming  f rom t h e  
aor ta .  

W h e t h e r  i t  is t he  change  in s u b s t r a t e  or oxygen  supply,  
or b o t h  ,which  is respons ib le  for t he  h i g h  e n z y m e  a c t i v i t y  
a r iz ing  in s h u n t e d  ra ts ,  requi res  f u r t h e r  s tudies .  

Zusammen/assung.  Mit  Hilfe der  h i s t o c h e m i s c h e n  
Me t h o d e  k o n n t e  nachgewiesen  werden,  dass  die Leber -  
zellen n a c h  der  p o r t o c a v a l e n  S h u n t - O p e r a t i o n  die 
Fh~higkeit der  G G T P - S y n t h e s e  wiederer langen .  Die 
E n z y m a b n a h m e  in de r  p o s t n a t a l e n  Per iode  u n d  ihre  
Z u n a h m e  n a c h  der  p o r t o c a v a l e n  A n a s t o m o s e  s t i m m t  
sowohl  zei t l ich als aueh  mengenm~tssig im h i s t o ch emi s chen  
P r ~ p a r a t  ra i l  den  b i o c h e m i s c h e n  E rg eb n i s s en  i iberein.  
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H a s  R i c i n  a n  E n z y m e  I n d u c t i v e  E f f e c t ?  

Ric in  is a c o m p o n e n t  of t h e  c o m m o n  cas to r  oil seed 
(Ricinus communis, Euphorb i aceae )  a n d  is one of t h e  
r e p r e s e n t a t i v e s  of t he  socalled p h y t o t o x i n s .  The  p h y t o -  
t ox ins  are ve ry  toxic  p ro t e inaceous  c o m p o u n d s  of p l a n t  
or ig in  w i t h  a molecu la r  we igh t  of some 10,000. T h e y  p l ay  
i m p o r t a n t  phys io logica l  roles in p lan ts ,  a n d  t h e y  resemble  
t he  t r ue  bac te r i a l  t ox ins  in m a n y  respects ,  especial ly  t h e  
d i p h t e r i a  a n d  t e t a n u s  toxin .  

Accord ing  to HATJSCHILD1, r ic in  is one of the  5 m o s t  
tox ic  ma te r i a l s  k n o w n :  t e t a n u s  toxin ,  b o t u l i n u s  toxin ,  
d i p h t e r i a  toxin ,  g ramic id in ,  ricin. FUHRMAN 2 considers  
t h a t  r ic in  is t he  mos t  tox ic  s u b s t a n c e  of p l a n t  origin.  

The  signs and  s y m p t o m s  of r ic in  i n t o x i c a t i o n  v a r y  v e r y  
much ,  accord ing  to  t he  size of t h e  dose. More t h a n  6% of 
t he  cases are  f a t a l  (SOLLNANN3). R e c e n t l y  BALINT 4 has  
p u b l i s h e d  an  e x h a u s t i v e  rev iew on ricin.  I t  was  r epo r t ed  
t h a t  in  la te  (subacute)  r ic in  i n t o x i c a t i o n  t he  s m o o t h  endo-  
p la smic  r e t i cu lum of l iver  cells h y p e r t r o p h i e s  an d  t h e  
m i t o c h o n d r i a  are s h r u n k  (BALINT 5, 6). 

REMMER 7 showed t h a t  in t h e  case of art e n z y m e  induc-  
t ion,  caused  b y  d i f fe rent  drugs,  t h e  h e x o b a r b i t a l  s leeping- 
t i m e  is r educed  in rats ,  due to  t h e  i n d u c t i o n  of t h e  d rug  
m e t a b o l i z i n g  e n z y m e  sys t em in t h e  l iver.  

I n  th i s  c o m m u n i c a t i o n  our  p r e l i m i n a r y  resu l t s  are 
r epo r t ed  wh ich  raise  the  poss ib i l i ty  t h a t  r ic in  also could 
h a v e  a n  e n z y m e  i n d u c t i v e  effect  in  t h e  l iver.  
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Comparative electron micrograph 
of a section of rat liver treated with 
2 • 10 [xg/kg ricin, taken 1 week 
after first ricin administration. 
Glutaraldehyde fixation, araldite 
embedding. Uranyl-aeetate-lead- 
citrate contrasting. Left side: 
Controi animal. M, mitoehondria; 
SER, smooth endoplasmic reti- 
culum; GER, granulated endo- 
plasmic reticulum. Right side: 
treated animal. 1V[, mitoehondria; 
SER, smooth endoplasmic reti- 
culum; GER, granulated endo- 
plasmie reticulum; A and B, 
2 neighbouring cells; Be, bile 
eanaliculus ;* unidentified material, 
due to riein (BALINTh,6). 


