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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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N M R I  strain,  weighing 18-22 g, were used. The  t es t  
subs tances  were  given a t  6 dose levels to groups of 6 ra ts  
or 10 mice by  oral or in t ravenous  route.  Af te r  dosing the  
an imals  were observed for 7 days.  Values for LDs0 were 
ca lcula ted  f rom the  recorded  mor ta l i t ies  by  the  m e t h o d  
of LITCHFIELD and WILCOXON7 

The subacute toxicity was studied in 2 experiments 
with 3-month-old Sprague-Dawley rats. The substances 
were given daily for 4 weeks by stomach tube at 2 dose 
levels (Table I). The rats were observed daily for clinical 
signs. At the end of the experiments, blood samples were 
collected for determinations of packed cell volume, 
hemoglobin, number of erythrocytes and leucocytes, 
glucose, urea-N, alanine aminotransferase (GPT), alkaline 
phosphatase, and serum protein. In the pyrazole study, 
reticulocyte and differential white cell counts were also 
performed. Standard analytical procedures were used, 
and dosed group values were compared with control group 
values by means of the WILCOXON 8 rank test. At termina- 
tion all rats were killed and subjected to complete autopsy. 
An extensive microscopic examination of the tissues was 
carried out. 

Results. The calculated LDs0-values expressed in 
mmol/kg are seen in Table II. In general, there were small 
differences in LDs0-values between rats and mice. The 
24 h toxicity was considerably greater for 4-methylpy- 
razole than for pyrazole. It should be noticed that in 
animals given pyrazole there were more mortalities within 
7 days than within 24 h and that this was most pron- 
ounced in mice. 

Table I. Survey of the 4 weeks toxicity experiments 

Compound No. of animals Dose (mmol/kg) 
per group 

High Low Control 

Pyrazole 10 ~, 10 ~ 1.0 

4-Methyl- 10 c~ 1.2-2.4 a 
pyrazole 

0.10 - 
(phys. saline) 

0.12 
(phys. saiine) 

The dose was increased after 3 weeks to 2.4. 

The admin i s t r a t i on  of 4 -methy lpyrazo le  for 4 weeks 
induced no toxic  reac t ion  in any  dose group w i t h  regard 
to  clinical signs, body  weight  gain, clinical chemis t ry  or 
gross and microscopic  pa thology.  

W h e n  pyrazole  was given dur ing the  same t ime  the  
mos t  i m p o r t a n t  clinical sign was a r e t a rded  b o d y  weight  
gain among  ra ts  in the  h igh  dose group. At  a u t o p s y  the  
decrease in b o d y  weight  gain was  abou t  100 g for t he  
males  and  abou t  50 g for t he  females.  Fur the r ,  in these  
animals  s ignif icant ly  decreased values  for packed  cell 
volume,  hemoglob in  and n u m b e r  of e ry th rocy tes  were 
recorded.  For  instance,  t he  mean  value for packed  cell 
vo lume in control  male  and  female ra t s  was  46.1 and 
46.6, b u t  only 42.6 and 41.0, respect ively ,  in ra t s  receiving 
the high dose. 

Gross changes related to the treatment with pyrazole 
occurred in all rats of the high dose group and were 
observed in the thyroid, liver, testis and seminal vesicles. 
The thyroid was 2 to 3 times larger than normal. The 
liver was enlarged, the mean relative weight being 5.6% 
for treated rats and 3.9% for controls. The testes were 
diminished having somewhat less than the half of the 
normal weight. The seminal vesicles were slightly to 
moderately diminished. 

Microscopic changes due to pyrazole were found in the 
thyroid, testis, prostate, seminal vesicles, bone marrow, 
and spleen. The change of the thyroid occurred at both 
dose levels but those of the other organs only at the high 
dose level. W i t h i n  the  group all r a t s  showed the  same 
al terat ions.  In  the  t hy ro id  the re  was a hyperp las ia  in the  
form of an interfol l icular  adenomatos i s  (Figure 1). The 
tes t is  showed an a t roph ia  w i th  regressive changes  of the  
ep i the l ium (Figure 2). The tubules  were d iminished  and  
the  spe rmatogenous  ep i the l ium disp layed  vacuolizat ion,  
desquamat ion ,  and necrobiot ic  nuclear  changes.  The 
in ters t i t ia l  t issue was oedematous .  At rophic  changes  ap- 
peared  in the  p ros t a t e  and seminal  vesicles. In  the  bone  
mar ro w  the re  was a s l ight ly  to  modera t e ly  reduced  
cel lular i ty  suggest ing a deple t ion  of cells. In  bo th  control  
and t r ea ted  ra ts  t he  s ta in ing  of t he  spleen and  bone 
mar ro w  for iron gave a pos i t ive  reac t ion  indica t ing  
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Fig. 1 a). Thyroid ~of a control rat. b) Thyroid of a rat after oral administration of 1.2-2.4 mmol/kg of pyrazole for 4 weeks. The 
thyroid consists of numerous small closely packed follicles lined by fall epithelial cells. Haematoxylin and eosin. Magnification • 180. 
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Table II. LDs0-values (mmol/kg, 95% confidence limits in parentheses), calculated on mortalities within 24 h and within 7 days 

Compound Species 24 h 7 d 

p.o. i.v. p.o. i.v. 

Pyrazole Rat 21 (20-23). 19 (18-21) 
Mouse 22 (21-24) 21 (20-23) 

4-Methylpyrazole Rat 7.9 (6.1-10.1) 3.8 (3.5-4.3) 
Mouse 7.8 (6:6-9.2) 3.8 (3.2-4.6) 

17 (14-20) 15 (12-19) 
6.0 (3.6-9.4) 5.5 ~ -- 

6.5 (5.9-7.1) 3.8 (3.5-4.3) 
7.8 (6.6 9.2) 3.8 (3.2-4.6) 

Graphical estimation. 

deposi ts  of haemos ider in .  I n  t he  spleen t he  depos i t ion  of 
i ron was s ign i f i can t ly  a n d  in t h e  bone  m a r r o w  s l igh t ly  
denser  in r a t s  of t he  h i g h  dose group  t h a n  in r a t s  of t h e  
con t ro l  one. 

Discussion. The  acu te  t ox i c i t y  of pyrazo le  has  p rev ious ly  
been  e s t i m a t e d  in r a t s  and  mice a f te r  oral  and  in t r a -  
pe r i tonea l  a d m i n i s t r a t i o n  s, 4, 9. The  resul t s  of t he  p re sen t  
s t u d y  m a i n l y  agree w i t h  these  ear l ier  obse rva t ions  w h e n  
comparab le .  I n  c o n t r a s t  to  4 -methy lpyrazo le ,  pyrazo le  
showed a g rea te r  acu te  t ox i c i t y  a f te r  7 days  t h a n  a f t e r  

Fig. 2. Testis of a rat after oral administration of 1.2-2.4 mmol/kg 
pyrazole for 4 weeks. The testieular tissue shows an atrophia with 
degenerative changes of the seminiferous epithelium. Haematoxylin 
and eosin. Magnification • 75. 

1 day,  especial ly  man i f e s t ed  in mice. The  o b s e r v a t i o n  
ind ica tes  a de layed  t ox i c i t y  of pyrazole ,  wh ich  is in 
a g r e e m e n t  w i t h  f indings  b y  LELBACH ~. The  de layed  
t o x i c i t y  m a y  be re la ted  to t h e  essent ia l  di f ferences  be- 
tween  4 -me thy lpy razo l e  an d  pyrazo le  as ind ica ted  b y  t h e  
resul t s  of t h e  s u b a c u t e  inves t iga t ions .  No lesions were 
found  a f te r  t r e a t m e n t  w i t h  t h e  fo rmer  compound ,  where-  
as t h e  l a t t e r  caused  severa l  changes .  I t  was, thus ,  found  
t h a t  pyrazo le  induced  a h y p e r p l a s i a  of t h e  thyro id ,  a 
hepa tomega ly ,  an  a t r o p h i a  of the  tes t i s  a n d  accessory 
glands,  a n  a n a e m i a  an d  a depress ion  of t h e  bone  mar row.  
Some of these  a l t e r a t i ons  were also observed  b y  WILSON 
an d  ]~OTTIGLIERIa. I t  is p r o b a b l e  t h a t  organic  lesions are 
invo lved  in t h e  m e c h a n i s m  of the  de layed  t ox i c i t y  of 
pyrazole .  

The  presen~ s t u d y  shows t h a t  r epea t ed  oral  a d m i n i s t r a -  
t ion  of 4 -me thy lpy razo l e  to  r a t s  is well  t o l e r a t e d  in doses 
which  i n h i b i t  t h e  a lcohol  dehyd rogenase  ef f ic ient ly  2 Th i s  
is in  c o n t r a s t  to  the  u n s u b s t i t u t e d  pyrazo le  wh ich  in 
equ imola r  doses causes severe toxic i ty .  Since the  4 -methy l -  
pyrazo le  is severa l  t imes  more  p o t e n t  t h a n  pyrazole ,  i t  
seems to be  t h e  c o m p o u n d  of choice for p h a rmaco l o g i ca l  
an d  me tabo l i c  s tudies  of i n h i b i t i o n  of e t h an o l  me tabo l i sm.  

Zusammen[assung. Subchron i sche  G a b e n  y o n  Pyrazo l ,  
n i ch t  dagegen  v o n  4-Methylpyrazo l ,  f i ihren  bet  R a t t e n  u n d  
Mgusen  zu tox i schen  L~isionen. 
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Central Adrenergic Neurones  and the Initiation 

E s t a b l i s h e d  a r te r ia l  h y p e r t e n s i o n  ill b o t h  an ima l s  an d  
h u m a n  p a t i e n t s  is cha rac t e r i zed  b y  an  increased  sys temic  
flow resis tance1,  2. Mechan i sms  ope ra t ing  a t  t he  pre-  an d  
p o s t j u n c t i o n a l  s i te  of t h e  vascu la r  neuroef fec to r  sys t em 
h a v e  been  causa l ly  r e l a t ed  to th i s  e l eva ted  res is tance.  A t  
t he  p r e j u n c t i o n a l  s i te  a n  increase  of s y m p a t h e t i c  vaso-  
cons t r i c to r  a c t i v i t y  (A) has  been  suggested  8,*. Pos t -  
j u n c t i o n a l l y  severa l  processes h a v e  to  be  cons idered  : The  
occurrence  of h u m o r a l  va socons t r i c t o r  fac tors  (B) 5,6, a 
change  in t he  s ens i t i v i t y  of t he  i n d i v i d u a l  vascu la r  
s m o o t h  muscle  cells (C)~,8 to a n  o therwise  n o r m a l  vaso-  
cons t r i c to r  i n p u t  or an  increased  r e a c t i v i t y  of t h e  b lood 

and Development of Experimental  Hypertension 

vessels (D) due  to an  a d a p t i v e  s t r u c t u r a l  change  of t h e  
vessel  wall,  i.e. an  increase  of t h e  w a l l / l u m e n  rat io2,% 
Since D is the  resu l t  of m a i n t a i n e d  h igh  b lood pressure ,  i t  
seems to be  of no  i m p o r t a n c e  for  t h e  i n i t i a t i o n  of t h e  
h y p e r t e n s i v e  s ta te .  However ,  A, B an d  C would be  able  to  
set  in  m o t i o n  t h e  process  l ead ing  to hype r t ens ion .  I t  m a y  
be  a s sumed  t h a t  the  a p p e a r a n c e  of these  fac tors  (A, t3, C) 
is t r iggered  off b y  a h i t h e r t o  u n k n o w n  m e c h a n i s m .  A 
poss ible  i n v o l v e m e n t  of c en t r a l  adrenerg ic  neurones  in 
h y p e r t e n s i o n  is i nd i ca t ed  b y  a decrease  in n o r a d r e n a l i n e  
turnover in the brainstem of rats with an established 
DOCA/NaCI hypertension i0 and by an increase in norad- 


