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Missbildungen bei Rattenfeten nach gleiehzeitiger Verabreichung von .;l, thylharnstoff ()l.H) und Nitrit an tragende Muttertiere 
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Gruppe Substanzbeimengungen Zahl der Zahl der Zahl der Lebende Feten 
graviden implant, abgestorb. Total Mit Missbildungen 
Ratten Embryo- Embryonen 

n e l l  

Art der Miss- 
bildungen (zum 
Teil kombiniert) 

I 1% Nitrit im Futter 3 33 20 (60,6%) 13 10 (76,9%) 
0,5% AH im Wasser 
200 mg/kg AH durch 
Magensonde 

II 0,3% Nitrit im Futter 9 82 13 (15,8%) 69 21 (30,4%) 
0,5% AH im Wasser 
100 mg/kg AH dutch 
Magensonde 

III 0,3% Nitrit im Futter 8 78 6 (7,7%) 72 3 (4,2%) 
0,5% AH im Wasser 

IV Kontrolle 9 76 8 (10,5%) 68 
0,5% )i,H im Wasser 
200 mg/kg .i~H durch 
Magensonde 

V Kontrolle 7 82 6 (7,3%) 76 
0,5% ~-H im Wasser 
100 mg/kg AH dutch 
Magensonde 

VI Kontrolle 8 76 3 (3,9%) 73 
0,5% AH im Wasser 

VII Kontrolle 4 30 0 30 
1% Nitrit im Futter 

VIII Kontrolle 10 92 5 (5,4%) 87 
0,3% Nitrit im Futter 

IX Kontrolle 15 118 8 (6,8%) 110 
unbehandelt 

Hydrozephalus 6 
Exenzephalie 3 
Anophthalmie 3 

Hydrozephalus 21 
Anophthalmie 9 

Hydrozephalus 2 
Anenzephalie 1 
Anophthalmie 1 
Eventeration 1 
der Bauchorgane 

0 

0 

0 

0 (6 weitere Muttertiere 1 Tag nach 
Nitritfiitterung verstorben) 

0 

0 

Z u s a t z  von  1 %  N a t r i u m - n i t r i t  z u m  F u t t e r  a l l e in  (Gruppe  
V I I )  v e r u r s a c h t  e ine  I n t o x i k a t i o n  de r  M u t t e r t i e r e ,  d ie  
be i  6 v o n  10 t r a g e n d e n  R a t t e n  t 6 d l i c h  verl ief ,  a b e r  
k e i n e n  e m b r y o t o x i s c h e n  oder  t e r a t o g e n e n  E f f e k t  a n  de r  
N a c h k o m m e n s c h a f t  de r  i i b e r l e b e n d e n  M u t t e r t i e r e  e rken-  
n e n  liess. Mi t  a b n e h m e n d e r  K o n z e n t r a t i o n  y o n  /~ thyl -  
h a r n s t o f f  u n d  N i t r i t  i m  F u t t e r  bzw.  T r i n k w a s s e r  ver -  
s c h w i n d e t  d ie  e m b r y o t o x i s c h e  W i r k u n g ,  d e n n  die  Z a h l  
de r  a b g e s t o r b e n e n  F r i i c h t e  u n t e r s c h e i d e t  s ich  n i c h t  s igni-  
f i k a n t  yon  den  W e r t e n  de r  K o n t r o l l g r u p p e n .  Die  t e ra -  
t ogene  Akt iv i t i~ t  b l e i b t  dagegen  n o c h  e r k e n n b a r  (Grup-  
p e n  I I  u n d  I I I ) .  

Die  1Resultate zeigen, dass  die  Menge  des  endogen  
e n t s t e h e n d e n  A N H  fiir  e ine  t e r a t o g e n e  W i r k u n g  aus-  
re icht ,  wAhrend  die V o r s t u f e n  a l le in  ke ine  Mis sb i ldungen  
h e r v o r r u f e n .  E s  i s t  m6gl ich ,  dass  a u c h  i m  m e n s c h l i c h e n  
O r g a n i s m u s  eine endogene  S y n t h e s e  d e r a r t i g e r  Stoffe  aus  
N a h r u n g s b e s t a n d t e i l e n  s t a t t f i n d e t .  D a m i t  e r geben  s ich  
A n s a t z p u n k t e  fiir e ine  V e r m i n d e r u n g  de r  t e r a t o g e n e n  
G e f ~ h r d u n g  d u r c h  E t i m i n i e r u n g  yon  V o r s t u f e n  t e r a t o -  
gene r  S u b s t a n z e n  aus  d e r  N a h r u n g  y o n  S c h w a n g e r e n .  

Summary. S i m u l t a n e o u s  pe ro ra t  a p p l i c a t i o n  of e t h y l -  
u r e a  a n d  sod ium n i t r i t e  t o  p r e g n a n t  S p r a g u e - D a w l e y  
ra ts ,  on  t he  9 th  a n d  10 th  d a y s  of ges t a t ion ,  causes  
e m b r y o t o x i c  a n d / o r  t e r a t o g e n i c  effects.  E a c h  s u b s t a n c e  
a lone  does  no t  a f f l ic t  t h e  fetuses,  whe reas  t h e  c o m b i n e d  
a d d i t i o n  to  t h e  food p e r m i t s  t h e  f o r m a t i o n  of e t h y l  
n . i t roso-urea in  t h e  d iges t ive  t r a c t .  T h e  l a t t e r  read i ly  
passes  t h e  p l a c e n t a  a n d  deve lops  t h e  t e r a t o g e n i c  effect.  
I t  is t o  be  cons ide red  t h a t  t e r a t o g e n i c  s u b s t a n c e s  c a n  
occur  f rom food c o n s t i t u e n t s  in t h e  h u m a n  o rgan i sm also. 
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S p e c i e s  D i f f e r e n c e s  in  the  I n f l u e n c e  of  C h l o r o t h i a z i d e  o n  C u r a r i z a t i o n  

P o t e n t i a t i o n  b y  ch lo ro th i az ide  a n d  o t h e r  su lphon-  
a m i d e s  of D- tubocu ra r ine  i nduced  (-) n e u r o m u s c u l a r  
b l o c k a d e  in t h e  r a b b i t  ha s  b e e n  r e p o r t e d  ; d i s p l a c e m e n t  of 
D- tubocu ra r i ne  f rom nonspec i f ic  b i n d i n g  s i tes  b y  t h e  
s u l p h o n a m i d e s  was  p roposed  as  t h e  m e c h a n i s m  u n d e r -  
ly ing  t h e  obse rved  p o t e n t i a t i o n 1 ,  *. However ,  i t  was  
f o u n d  a t h a t  ch lo ro th i az ide  a n t a g o n i z e d  t h e  c u r a r i z a t i o n  

p roduced  b y  D - t u b o c u r a r i n e  in t h e  dog  a n d  also in t h e  
isola ted p h r e n i c - d i a p h r a g m  p r e p a r a t i o n  of t h e  r a b b i t .  
These  conf l i c t ing  re su l t s  p r o m p t e d  t h e  p r e s e n t  s t u d y  of 
t he  in f luence  of c h l o r o t h i a z i d e  on  t h e  c u r a r i z a t i o n  induced  
b y  D - t u b o c u r a r i n e  a n d  o t h e r  p a q u i c u r a r e s  in  d i f f e r en t  
m a m m a l i a n  species.  E x p e r i m e n t s  were  a lso p e r f o r m e d  
to  i n v e s t i g a t e  w h e t h e r  i n t e r a c t i o n  of D- tubocu ra r ine  
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w i t h  p l a s m a  p r o t e i n s  c o u l d  i n f l u e n c e  i t s  n e u r o m u s c u l a r  
b l o c k i n g  e f f e c t s  in  t h e  r a b b i t .  F o r  t h i s  p u r p o s e  p h e n y l -  
b u t a z o n e  w a s  e m p l o y e d  s ince  i t  is h i g h l y  b o u n d  to  p l a s m a  
p r o t e i n s  a n d  h a s  a h i g h  d i s p l a c e m e n t  p o t e n t i a l S - %  

Methods. E x p e r i m e n t s  w e r e  p e r f o r m e d  u s i n g  t h e  sc ia t i c  
n e r v e - t i b i a l i s  a n t e r i o r  m u s c l e  p r e p a r a t i o n  of  d o g s  a n a e s -  
t h e t i z e d  w i t h  s o d i u m  p e n t o b a r b i t o n e  (30 m g / k g ,  i .v.) ,  o f  
c a t s  a n d  r a b b i t s  a n a e s t h e t i z e d  w i t h  a m i x t u r e  o f  ch l o r -  
a lose  (80 m g / k g ,  i .p .)  a n d  s o d i u m  p e n t o b a r b i t o n e  (15 r ag /  
kg,  i . p . ) ,  a n d  o f  g u i n e a - p i g s  a n d  r a t s  u n d e r  u r e t h a n e  
a n a e s t h e s i a  (150 m g / 1 0 0  g, i.p.}. I n  a l l  a n i m a l s  a t r a c h e a l  
c a n n u l a  w a s  i n s e r t e d  t o  a l l o w  p r o m p t  a r t i f i c i a l  r e s p i r a -  
t i o n  w h e n  n e c e s s a r y .  

M a x i m a l  t ~ ' i t c h e s  of  t h e  t i b i a l i s  a n t e r i o r  musc le ,  w e r e  
e l i c i t ed  o n c e  e v e r y  10 sec  b y  r e c t a n g u l a r  p u l s e s  (0.1 t o  
0,2 m s e c  d u r a t i o n )  a p p l i e d  to  t h e  s c i a t i c  n e r v e .  T h e  
s t r e n g t h  of  t h e  p u l s e s  w a s  t w i c e  t h a t  n e c e s s a r y  to  e v o k e  

x j .  C~tEYMOL and F. B O U R I L L E T ,  Therapie 1.1, 1068 (1959). 
'~ G. L. GEssx and W. FERRARI, Arch. int. Pharmacodyn 14d, 258 

(1963). 
a L. G. PAuLo, Thesis, Instituto de Ciencias Biomedicas, UFRJ,  

Rio de Janeiro (1970). 
4 A. H. ANTO~, J.  Pharmae. exp. Tber. t29, 282 (1960). 

A. H. A~TON, J. Pharmae. exp. Ther. 134, 291 (1961). 
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Fig. 1. Effect of chtorothiazide on ~-tubocurarine-induced eurarization of the tibialis anterior muscle in different animal species. In 
this and in the following figures, the abscissae indicate the time after injection of the curarizing agent and the ordinates represent twitch 
tension expresscd as percent of the initial value. In the experiments plotted in this figure, D-tubocurarine was injected at zero time in 
doses of either 100 (rat) or 300 ~tg/kg {dog, cat and guinea-pig). The arrows indicate administration ol chlorothiazide (50 mg/kg). 
Notice that  in all instances ehlorothiazide enhanced twitch tension; reversal of the block was observed in the dog and the cat. 
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Fig. 2. Effect of chlorothiazide on the neuromuscular blockade induced by different paquicurares o n - t h e  tibialis anterior muscle 
of the rabbit. A) D-tubocurarine, 300~xg]kg. 13) Dimethyl-D-tubocurarine injected twice in doses of 10ptg]kg. C) Triethiodide of 
gallamine, injected twice in doses of 500 Ixg]kg. D) Dimethylether of methyl-beberine, 100 ~tg/kg. The arrows indicate administration 
of chlorothiazide (50 mg]kg, i.v.). Notice that  only in the case of n-tuboeurarine did chlorothiazide potentiate the block. In all other 
instances the neuromuscular blockade was reversed by chlorothiazide. 
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a m a x i m a l  twitch.  The  muscle twi tches  were recorded 
i sometr ica l ly  on a smoked drum. 

The drugs used were chloro th iaz ide  (Specia), D-tubo- 
curar ine  chloride (Lilly), d imethy l -D- tubocura r ine  chlo- 
r ide  (Lilly), d ime thy le the r  of me thy lbebe r ine  (Kondro-  
curare,  In s t i t u to  Vi ta l  Brasil),  ga l lamine  t r i e th iod ide  
(Flaxedil ,  Rhodia) ,  and pheny lbu tazone  (Butazona,  De 
Angeli).  The  doses of t he  curar iz ing drugs are  expressed 
in t e rms  of  the i r  salts. 

Results. Pre l imina ry  exper iments  have  shown t h a t  in 
the  dose range  used (10-50 mg/kg,  i.v.), ch loroth iaz ide  
per  se does no t  affect  t he  ampl i t ude  of twi tch  of t he  
t ibial is  an te r ior  muscle  in t he  species s tudied.  However ,  
chlorothiazide modif ied the  tw i t ch  tension of the  t ibial is  
an ter ior  muscle pa r t i a l ly  cnrar ized by  D-tubocurar ine 
(100-300 ~g/kg, i.v.). This  effect  va r ied  wi th  the  an imal  
species: I n  the  dog, cat,  r a t  and guinea-dig,  admin is t ra -  
t ion of chlorothiazide  (25-50 mg/kg,  i.v.) dur ing recovery  
f rom the  block produced  an increase in twi t ch  tension 
and in mos t  ins tances  comple te ly  reversed the  block. 
Resul t s  of typ ica l  exper iments  are p lo t ted  in Figure  1. 
I n  contrast ,  chlorothiazide  (10-50 mg/kg,  i.v.) adminis-  
tered to the  rabb i t  dur ing  par t ia l  curar iza t ion  by D-tubo- 
curar ine  (300 vtg/kg, i.v.) induced a comple te  neuro-  
muscu la r  b lock (Figure 2). This  effect was reversible.  
R e c o v e r y  of neuromuscula r  t ransmiss ion  began af te r  18 
to 40 m i n  (6 rabbits) .  

To  de t e rmine  whe ther  po ten t i a t ion  of neuromuscu la r  
b lockade in the  r abb i t  was specific to  D-tubocurarine,  
we s tudied the  influence of chloroth iaz ide  on the  curar iza-  
t ion  induced by  o ther  paquicurares  in th is  species. I n  
F igure  2 i t  can  be seen t h a t  i .v.  in jec t ion  of ch loro th iaz ide  
(25 mg/kg) reversed t h e  b lock  caused by  gal lamine,  
d imethy l -D- tubocura r ine  and d i m e t h y l e t h e r  of me thy l -  
beberine.  Fa i lure  of ch loro th iaz ide  to  po ten t i a t e  the  
neuromuscu la r  b lockade  produced by  depolar iz ing agents  
in t h e  r abb i t  has  also been repor t ed  ~. 

I n  the  rabbi t ,  pheny lbu tazone  (20-100 mg/kg,  i.v.) has 
no effect  per  se on the  twi t ch  tension of the  t ib ia l is  
an te r io r  muscle  ind i rec t ly  s t imula ted .  However ,  adminis-  
t r a t ion  of pheny lbu tazone  (50 mg/kg) to rabbi ts  pa r t i a l ly  
curar ized by  D-tubocurar ine resul ted in comple te  neuro-  
muscular  b lock  (Figure 3). This  effect  was reversible .  
Recove ry  of neuromuscula r  t ransmiss ion  began  af ter  
25-42 min  (4 animals).  In jec t ion  of chlorothiazide  
(50 mg/kg) dur ing the  phase of pa r t i a l  r ecovery  resul ted 
in i m m e d i a t e  increase of tw i t ch  tension bu t  did not  
comple te ly  reverse  the  block. 

Discussion. The results  show t h a t  chloroth iaz ide  can 
po t en t i a t e  or  an tagonize  neuromuscula r  blockade.  Po ten-  
t i a t ion  was specific to D-tubocurar ine in the  rabbi t .  This  
effect  has  been a t t r i bu t ed  to d i sp lacement  of D-tubo- 

curar ine f rom non-specific b inding  sites on p lasma pro- 
teins ~. Aff in i ty  of n - tubocura r ine  for b inding to serum 
a lbumin  has  been  demons t ra ted ,  ex tens ive  b inding result-  
ing in lack  of curar iz ing a c t i v i t y L  Al though  we do no t  
have  direct  ev idence  for d isp lacement  of D-tubocurar ine 
f rom p l a sma  pro te ins  by  chlorothiazide,  our  f indings 
wi th  pheny lbu t azone  give indi rec t  suppor t  for such a 
mechan i sm under ly ing  the  po ten t i a t ion  of D-tubocura-  
rine. Pheny tbu tazone  which  compe tes  wi th  su lphonamides  
for b inding  to  se rum albumin4,  s, po t en t i a t ed  D-tubo- 
eurar ine- induced curar iza t ion  in the  r abb i t  and reversed 
the  effect  of chlorothiazide.  

Chlorothiazide  and pheny lbu tazone  are  anionic  drugs ;  
thus, i t  is unl ikely t h a t  t hey  in te rac t  c o m p e t i t i v e l y  wi th  
D-tubocurar ine for b inding to p lasma proteins.  I t  has 
been proposed 9 t h a t  conformat iona l  changes in plasrrla 
proteins  induced by  chlorothiazide  underl ie  its influence 
on the  b inding of pempid ine  to serum a lbumin.  A s imilar  
mechan i sm migh t  be invo lved  in the  po ten t i a t ion  of 
D-tubocurar ine  by chlorothiazide  in the  rabbi t .  

The  specif ici ty of po ten t i a t ion  of D-tubocurar ine by  
chlorothiazide  m a y  indicate  that ,  among  the  species 
studied,  only  in the  r abb i t  is the  associat ion cons tan t  
of the  D- tubocurar ine-p lasma prote in  complex  h igh  
enough to have  a s ignif icant  influence on the  d rug  
d is t r ibut ion  1°. Var ia t ion  in drug  binding to p la sma  
prote ins  occurs among  species and the ' super ior  b ind ing  
proper t ies  of the  r abb i t  se rum towards  several  drugs  
has  been a lmos t  universa l ly  no ted '  11. Accordingly ,  fai lure 
of ehloroth iaz ide  to po ten t i a t e  o ther  paqu icura res  in t t ie 
r abb i t  could be  a t t r i bu t ed  to  low va lues  of  t he  associat ion 
cons tan ts  for t he  b inding of these  drugs  to  p la sma  
proteins.  

Chlorothiazide  has been shown to  h a v e  ant i -chol in-  
es te rase -ac t iv i ty  3. Thus,  i ts an t agon i sm of curar iza t ion  
m a y  be due to inh ib i t ion  of endpla te  acetylchol in-  
esterase ~2, x3. 

Rdsumd. Chez le Chien, le Chat,  le Cobaye  et  le Rat ,  
le chlorothiazide est  an tagonis te  de la D-tubocurarine.  
Chez le Lapin,  le ch loro th iaz ide  potent ia l i se  la paralysie  
D-tubocurar inique,  mais  exerce une act ion an tagonis te  
vis-t~-vis d ' au t re s  curar imim6t iques .  L ' admin i s t r a t i on  
pr~alable de p h t n y l b u t a z o n e  t rans forme en an tagonisme 
la synergie  ent re  le ch loro th iaz ide  et  la D-tubocurarine.  
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Fig. 3. Effect of phenylbutazone on D-tubocurarine-indueed curariza- 
tion of the tibialis anterior muscle of the rabbit, dtc, D-tubocurarine, 
300 [zglkg; phen-but, phenylbutazone, 50 mg/kg. The arrow indicates 
the administration of 50 mg/kg of chlorothiazide, Notice that the 
treatment with phenylbutazone reversed the effect of ehlorothiazide 
on the curarization induced by D-tuboeurarine in the rabbit. 
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