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Table II. Mitotic index of rat hepatocytes after partial hepatectomy and/or phenobarbital pre-treatment 
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Time after Mitotic index :]_ S.D. (%) 
hepatectomy (h) 

Controls Phenobarbital Partial hepatectomy Phenobarbital + 
(no treatment) (n = 2) (n = 2) alone (n = 4) partial hepatectomy (n = 4) 

16 0.017 ~ 0.024 0.032 -4- 0.018 0.051 =c 0.044 0.118 • 0.083 
24 0 0.018 • 0.025 0.014 • 0.017 1.081~ • 0.497 
39 0 0 4.702 • 1.127 1.749 ~ • 0.349 

P < 0.01 (vs. hepatectomy alone). Student t-test. 

t he  t o t a l  n u m b e r  of h e p a t o c y t e  nucle i  was  coun ted .  Per-  
cen tage  values,  g iv ing  the  a H - t h y m i d i n e  i ndex  a n d  t he  
mi to t i c  index,  were ca lcu la ted .  

The  d a t a  were sub jec t ed  to s t a t i s t i ca l  ana lys i s  fol lowing 
t r a n s f o r m a t i o n  ( S t u d e n t ' s  t - tes t  a n d  ana lys i s  of va r iance) .  

Results. The  cont ro l s  showed  t he  expec t ed  m i n i m a l  
t h y m i d i n e  labe l l ing  in t he  h e p a t o c y t e  nuclei  (Table  I). 
P h e n o b a r b i t a l  a lone p roduced  no  s ign i f i can t  increase  in 
label l ing.  H e p a t e c t o m y  a lone  p roduced  no  obv ious  in-  
crease a f t e r  16 h. Af te r  24 h t he re  was a m a r k e d  increase  
in t h y m i d i n e  incorpora t ion ,  w h i c h  was m a i n t a i n e d  a t  
39 h. H e p a t e c t o m y  t o g e t h e r  w i t h  p h e n o b a r b i t a l  p roduced  
a g rea te r  increase  in  t h y m i d i n e  incorpora t ion .  A t  16 h, 
p h e n o b a r b i t a l  p r e - t r e a t m e n t  in t he  h e p a t e c t o m i z e d  r a t s  
was  assoc ia ted  w i t h  an  obv ious  and  s ign i f ican t  (p < 0.01) 
increase  in t he  m e a n  t h y m i d i n e  index.  A t  24 h t he  in- 
c reased l abe l l ing  in p h e n o b a r b i t a l - h e p a t e c t o m i z e d  r a t s  
was s t i l l  g rea te r  t h a n  in  on ly  h e p a t e c t o m i z e d  rats ,  a l t h o u g h  
n o t  s ign i f i can t ly  so, p r o b a b l y  due  to t h e  large i n d i v i d u a l  
va r i a t ion .  Aga in  a t  39 h t he  p h e n o b a r b i t a l  p r e t r e a t e d  r a t s  
h a d  increased  t h y m i d i n e  labe l l ing  c o m p a r e d  w i t h  t he  
h e p a t e c t o m y - a l o n e  ra ts .  The  overa l l  increase  in t h y m i d i n e  
i n c o r p o r a t i o n  in p h e n o b a r b i t a l - h e p a t e c t o m i z e d  r a t s  was  
s u p p o r t e d  s t a t i s t i ca l ly  us ing  ana lys i s  of va r i ance  (p < 
0.01). 

H e p a t e c t o m y  caused no increase  in t he  m i t o t i c  i ndex  
a f te r  16 a n d  2 4 h  (Table  If) .  However ,  a t  3 9 h  h e p a t e c t o m y  
p roduced  a m a r k e d  rise. P r e - t r e a t m e n t  w i t h  p h e n o b a r b i -  
t a l  i nduced  a Slight increase  c o m p a r e d  w i t h  h e p a t e c t o m y -  
a lone resu l t s  a t  t6  h a n d  a s ign i f i can t  increase  a t  24 h. A t  
39 h, t h e  mi to t i c  i ndex  was s ign i f i can t ly  less in  pheno-  
b a r b i t a l - t r e a t e d  h e p a t e c t o m i z e d  rats ,  c o m p a r e d  to  non-  
t r e a t e d  h e p a t e c t o m i z e d  animals .  Ana lys i s  of va r i ance  re- 
vea led  no  overa l l  s ign i f i can t  d i f ference be t w een  these  two  
groups.  

Comment. Our  f ind ings  show t h a t  p re -ope ra t ive  t r ea t -  
m e n t  w i t h  p h e n o b a r b i t a l  of p a r t i a l l y  h e p a t e e t o m i z e d  r a t s  
leads  to  a n  ear l ie r  onse t  of h e p a t o c y t e  p ro l i f e r a t ion ;  in 
such  animals ,  t h y m i d i n e  i n c o r p o r a t i o n  was p r o n o u n c e d  
a f te r  16 h and  mi to t i c  a c t i v i t y  was d i s t i nc t  a f te r  24 h. In  

t he  u n t r e a t e d  h e p a t e c t o m i z e d  animals ,  n e i t h e r  was  so ad- 
v a n c e d  a t  these  t imes .  I n  add i t ion ,  p h e n o b a r b i t a l - p r e -  
t r e a t e d  r a t s  h a d  s l igh t ly  increased  t h y m i d i n e  incorpora-  
t ion  a f te r  24 a n d  39 h, a n d  t he  ana lys i s  of va r i ance  showed 
a s ign i f ican t  overa l l  increase  of label l ing.  The re  was no  
di f ference be tween  mi to t i c  indices  in p h e n o b a r b i t a l - p r e -  
t r e a t e d  and  n o n - t r e a t e d  h e p a t e c t o m i z e d  rats .  I t  can  be  
seen f rom Tab le  I t h a t  m a x i m u m  t h y m i d i n e  labe l l ing  was 
found  24 h a f t e r  h e p a t e c t o m y .  The  s o m e w h a t  smal le r  va-  
lues in  b o t h  t r e a t e d  and  u n t r e a t e d  r a t s  a f te r  39 h i nd ica t e  
t h a t  t h y m i d i n e  u p t a k e  was on  the  decl ine a t  t h a t  t ime.  
P e a k  t h y m i d i n e  i n c o r p o r a t i o n  p r o b a b l y  occurs  b e t w e e n  
24 a n d  39 h. BORKI e t  al. 12 gave r a t s  p h e n o b a r b i t a l  imme-  
d i a t e ly  a f t e r  pa r t i a l  h e p a t e c t o m y .  The  increase  of 131- 
iododesoxyur id ine  labe l l ing  a n d  mi to t i c  a c t i v i t y  which  
t h e y  found  set  in  a few hour s  l a t e r  t h a n  in  our s tudy .  W e  
selected our  e x a m i n a t i o n  t i m e s  to  coincide w i t h  t he  p rob-  
able  s t a r t  of D N A  syn thes i s  and  mi to t i c  a c t i v i t y  and  to 
be  nea r  t h e  p o s t u l a t e d  m a x i m u m  D N A  ac t iv i ty ,  a n d  d id  
no t  cons ider  t he  t i m e  of m a x i m u m  mi to t i c  ac t iv i ty .  Con- 
s e q u e n t l y  we c a n n o t  be  ce r t a in  of t h e  effects  of pheno-  
b a r b i t a l  t r e a t m e n t  on  th i s  l a t t e r  p a r a m e t e r .  I t  seems p rob-  
able,  however ,  t h a t  m i to t i c  a c t i v i t y  is also a d v a n c e d  (and 
increased)  in  ana logue  to  t h e  a d v a n c e  a n d  increase  in t h y -  
m i d i n e  i n c o r p o r a t i o n  found.  

Zusammen/assung. Mit  P h e n o b a r b i t a l  b e h a n d e l t e  R a t -  
t en  zeigen n a c h  par t i e l l e r  H e p a t e k t o m i e  in der  L e b e r  ein 
besch leun ig tes  E i n s e t z e n  de r  D N S - S y n t h e s e  n n d  der  
Mi to se -Ak t iv i t~ t  sowie eine E r h 6 h u n g  der  D N S - S y n t h e s e .  
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1~ My thanks to the Biostatistical group of the Medical-Biological 
Research for their assistance in the statistical analysis of the data.  

In vivo Generation of Hydrogen Peroxide from 6-Hydroxydopamine  

W e  sugges ted  previous ly1 ,  2 t h a t  h y d r o g e n  pe rox ide  
(H202) was respons ib le  for  t he  d e g e n e r a t i o n  of adrenerg ic  
ne rve  t e r m i n a l s  caused  b y  t he  in jec t ion  of 6 -hydroxy-  
d o p a m i n e  (6-OHDA) in to  e x p e r i m e n t a l  an i m a l s  3, 4. W h e n  
6 - O H D A  is added  to aqueous  so lu t ions  a t  n e u t r a l  pH ,  
H202 is gene ra t ed  2. H202 is a cy to tox ic  a g e n t  t h a t  can  
oxidize su l fhyd ry l  g roups  of enzymes  and  peroxid ize  
s t r u c t u r a l  lipids. One fo rm of c y t o t o x i c i t y  t h a t  we s tud ied  
was t he  i r revers ib le  i n h i b i t i o n  of u p t a k e  of b iogenic  
a m i n e s  i n to  e i the r  r a t  b r a i n  h o m o g e n a t e s  1 or t i s sue  slices 3. 

The  i n h i b i t i o n  of u p t a k e  b y  H 2 0  ~ was  p r e v e n t e d  b y  
ca ta l a se  1. 

Cata lase  can  serve as a c o n v e n i e n t  i n t r ace l lu l a r  m a r k e r  
for H202. H202 forms a comp lex  w i t h  ca ta lase  (complex I), 
wh ich  on  f u r t h e r  r eac t ion  w i t h  3 - a m i n o - l , 2 , 4 - t r i a z o l e  
leads to  i r revers ib le  i nh ib i t i on  of ca ta lase  ac t i v i t y  5 - 7. The  
r eac t ion  scheme  is as follows: 

H202 + catalase �9 (Catalase -H202) complex I 
Complex I + aminotriazole �9 

irreversibly inhibited catalase. 



1198 Specialia EXPERIENTIA 28/10 

Thus, the  inhibi t ion of catalase by  aminotr iazole  can serve 
to  demons t r a t e  the  fo rmat ion  of H~O 2 in biological sys- 
tems.  This m e t h o d  has been used to  measure  H20 2 secre- 
t ion  by  microorganisms s and to de tec t  H20 2 in erytt lro-  
cytes  in v i t ro  9 and in vivo ~0. We used the  e ry th rocy te  to 
de tec t  fo rmat ion  of I.i20 2 in mice in vivo. Mice were in- 
jec ted wi th  aminotr iazole ,  which  by  itself (absence of 
H~O2) does no t  inh ib i t  e ry th rocy te  catalase 9,10. On sub- 
sequent  in jec t ion  of 6 -hydroxydopamine ,  e ry th rocy te  
catalase was inhibi ted.  This  showed fo rmat ion  of I-I~O 2 
f rom 6-OHDA in vivo. 

Materials and methods. Male Swiss-Webster  mice weigh- 
ing 25 4- 1 g were  d iv ided into 4 groups. These received 
i.p. inject ions of 3-amino-I ,  2,4-triazole (Mann Research  
Laborator ies ,  1 g/kg in wate r ;  2 inject ions,  1 h apart)  
and /or  i.v. 6 -hyd roxydopamine  (6-OHDA, h y d r o b r o m i d e  
salt, Regis Chemicals,  100 mg/kg  in jec ted  wi th in  5 min  
af ter  the  second dose of aminotr iazole) .  The 6 -OHDA was 
dissolved in di lute  hydrochlor ic  acid (pH 4.0) and s tored 
on ice to avoid au tox ida t ion  (H20 2 tormat ion) .  

One hour  af ter  comple t ion  of the  6 -OHDA injections,  
25 [,1 of blood was w i t h d r a w n  from the  tai l  in to  a hepa  
r inized micropipet .  The blood was lysed in 5 ml  cold wa te r  
and samples  were assayed for catalase a c t i v i t y U  Hemo-  
globin was  measured  wi th  an az ide -methemoglob in  
m e t h o d  12. Da ta  were ca lcula ted  as ca ta lase  ac t iv i ty  per  g 
hemoglobin.  Sta t is t ica l  analyses were done using Stu- 
den t ' s  t - test  ~a. 

Results. Blood catalase ac t iv i ty  was d iminished  signifi- 
can t ly  af ter  in ject ion of aminot r iazole  and  6 -OHDA 
(Table). Ne i ther  aminotr iazole  alone nor  6 -OHDA alone 
p roduced  a s ignif icant  decline in catalase.  

Catalase activity in mouse blood 

Group Catalase activity (% Control -- S.D.) 

Control 100 -E 12 
Aminotriazole 96 • 9 ~ 
Aminotriazole + 6-OHDA 72 • 13 b 
6-0HDA 102 • 13~ 

There were 8 animals in each group. 
Not significant when compared to control, b p < 0.001 when 

compared to control. 

Discussion. Inh ib i t ion  of t issue catalase  in t he  presence 
of aminotr iazole  can serve as an indica tor  of intracel lular  
H~O29,1~ The e ry th rocy te  is a convenien t  de tec to r  for 
I.i~O~ as this  cell is re la t ive ly  rich in catalase and  has been  
used previous ly  to  show H~O2 genera t ion  in vivol0. Our 
da t a  (Table) showed t h a t  I.i20 = was genera ted  in vivo in 
e ry th rocy tes  of mice af ter  i.v. in ject ion of 6-OHDA. These 
results  are cons is ten t  wi th  the  hypo thes i s  t h a t  the  cyto-  
tox ic i ty  of H=O 2 m a y  be responsible  for the  degenera t ion  
of ca techolaminergic  neurons  af ter  the  admin i s t r a t ion  of 
6-OHDA to exper imen ta l  animals  1~ 

Zusammen/assung. Es gelang, die E r y t h r o c y t e n k a t a l a s e  
der Maus durch  In jek t ion  yon 6 - H y d r o x y d o p a m i n  und in 
Gegenwar t  yon 3 -Amino- l ,2 ,4 - t r i azo l  zu hemmen ,  was 
auf die Wasse r s to f fpe roxyd-En twick lung  h inweis t  und  
mi t  der Rolle des H20 2 bei der  Degenera t ion  der  Nerven-  
enden  durch  6 - H y d r o x y d o p a m i n  in E ink lang  s teht .  
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Toxicity of Pyrazole and 4-Methylpyrazole in Mice and Rats 

Pyrazole  effect ively p reven t s  the  ox ida t ion  of e thanol  
b o t h  in vivo and v i t ro  by  inhib i t ing  the  liver alcohol 
dehydrogenases  1,2. This d iscovery  has opened new pos- 
sibili t ies for s tudies  of the  pha rmaco logy  of ethanol .  
However ,  t h e  use of pyrazole  is l imi ted  due to  its toxico-  
logical proper t ies  8-5. Some 4-subs t i tu ted  pyrazoles  are 
more  p o t e n t  inhibi tors  of l iver alcohol dehydrogenases  
t h a n  is the  pa r en t  compound  8. Of these  4-methylpyrazo le  
appears  the  mos t  p romis ing  for research and possible 
clinical use. The presen t  s t u d y  was per fo rmed  in order  to  
evalua te  the  tox ic i ty  of th is  compound  and to compare  
it wi th  the  unsubs t i t u t ed  pyrazole.  

Material and methods. The pyrazole  was  ob ta ined  f rom 
F luka  AG, Buchs  SG, Switzer land,  and  the  4-methyl -  
pyrazole  f rom the  Research  and  D e v e l o p m e n t  Labora-  
tories,  AB Astra,  S6dert/ilje, Sweden. The compounds  

were admin is te red  as solut ions ill physiological  saline 
(pH 3-5). 

For  the  acute  tox ic i ty  tes ts  male ra t s  of the  Sprague-  
Dawley  s train,  weighing abou t  170 g, and  male  mice of the  
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