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Table 11. Unilateral limb ischemia: The effect of drugs on euthyroid and hyperthyroid rats 
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Euthyroid Hyperthyroid 

Treatment No. of Survival time Mortality No. of Survival time Mortality Significance 
rats (h) (%) rats (h) (%) 

Saline 14 , 0 11 1.88 ± 0.41 100 ~-] ~ 7  
Re~rpine 12 ~ 0 13 1.56 :t: 0.36 100 A .~/  P > 0.01 
Phenoxybenzamine 12 ~ 0 15 5.82 4- 1.t2 80 b P < 0.01 

• Lived 7 days, then were sacrificed, b3 of 15 lived 7 days and were sacrificed. 

Table III. Parameters obtained (with the exception of heart weight) just prior to tourniquet application 

Groups No. of rats Total body oxygen Heart weight Heart rate Mean blood pressure 
consumption (mg/100 g body wt.) (rain) (ram Hg) 
(ml/h/100 g body wt.) 

1. Intact (euthyroid) 10 
2. Intact and reserpine 8 
3. Intact and phenoxyhenzamine 8 
4. Hyperthyroid 10 
5. Hyperthyroid and reserpine 9 
6. Hyperthyroid and phenoxybenzamine 10 

2384-21 3624-28 3 2 2 ~4 6  l12:j= 14 
222-1-24 358-+-36 304+38  1194-18 
202=1=32 3654-23 3164-28 1164-11 
5304-64 602+83  596±88  228-1-38 
521+49  638+65  5184-72 184-[-28 
436-4-56 a 618-t-76 564-.t:76 20621238 

~p <~ 0.05 between groups 4 and 5. 

t h y r o i d  h o r m o n e  sens i t iz ing  the  t issues  to  endogenous  or 
ca techo lamines .  If  th i s  were  t rue  we would  observe  some 
benef ic ia l  e f fec t  in t o u r n i q u e t  sub jec t ed  h y p e r t h y r o i d  ani-  
mals  a f t e r  rese rp in iza t ion  when  the  noradrena l in  c o n t e n t  
of t he  h e a r t  was  dep le ted .  But ,  in fact ,  reserp ine  p re t r ea t -  
m e n t  does no t  change  the  surv iva l  t ime  a t  all. Therefore,  
n e i t h e r  by  increas ing  nor  decreas ing  the  endogenous  ca- 
t e c h o l a m i n e  c o n t e n t  are we able to  a l ter  t he  an imals '  sus- 
cep t ib i l i ty  to  shock. 

A l t h o u g h  the  t a c h y c a r d i a  of h y p e r t h y r o i d i s m  appear s  
to  be m e d i a t e d  b y  a h y p e r a c t i v e  s y m p a t h e t i c  sys tem,  me- 
tabol ic  effects  do no t  seem to be so re la ted  ; rese rp in iza t ion  
of h y p e r t h y r o i d  an imals  does no t  change  oxygen  con- 
s u m p t i o n  (Table I I I )  or cardiac  o u t p u t  v. 

The use of a uni la te r ia l  t o u r n i q u e t  (Table II) which  is 
no t  l e tha l  to  eu thy ro id  r a t s  s kills h y p e r t h y r o i d  r a t s  wi th -  
in 2 h. Rese rp ine  p r e t r e a t m e n t  again had  no effect,  how-  
ever  p h e n o x y b e n z a m i n e  no t  only  increased the  overal l  sur- 
v iva l  t i m e  b u t  some of t h e  ra t s  su rv ived  as long as seven 
days ,  a t  wh ich  t i m e  t h e y  were  killed. 

The  m a i n  benef ic ia l  effects  of p h e n o x y b e n z a m i n e  is due  
to  t he  b locking of pe r iphe ra l  cons t r i c t ion  of c i rcula t ing  
s y m p a t h o m i m e t i c s  t h u s  enhanc ing  per iphera l  blood f low ~. 
W e  also observed  a decreased  to ta l  b o d y  oxygen  consump -  
t ion  (Table III). 13ecause the  ref lexes  involv ing  the  h e a r t  

are  i n t a c t  a f te r  a -adrenerg ic  b lockade  1°, t h e  l eng thened  
surviva l  t i m e  was  due  to  i mp r o v e d  pe r iphera l  blood f low 
and  poss ib ly  a less d e m a n d i n g  t issue oxygen  ut i l izat ion.  

W e  conc lude  therefore ,  t h a t  t he  cr i t ical  f ac to r  in t h e  
d e v e l o p m e n t  of t ou rn ique t  shock of h y p e r t h y r o i d  ra t s  is 
decreased  pe r iphera l  eff ic iency r a t h e r  t h a n  myoca rd i a l  
failure.  

Zusammen/assung. Die VerAnderung des endogenen  
Ca techo lamin-Geha l t e s  des Herzens  h y p e r t h y r o i d e r  Ra t -  
t en  h e b t  die Schockempf ind l i chke i t  der  Tiere n ich t  auf. 
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E f f e c t  o f  P h e n f o r m i n  and Chlorpropamide o n  R e n i n  

Severa l  drugs  have  been  a d d e d  dur ing  the  las t  decade  
to  t he  t r e a t m e n t  of d iabe tes  ins ipidus  (DI), in add i t ion  to  
t h e  subs t i t u t i on  t r e a t m e n t  wi th  vasopress in .  Chlorothia-  
zide and  o the r  d iure t ics  were i n t roduced  w i t h  cons iderable  
clinical success 1,2. However ,  no sa t i s fac to ry  e x p l a n a t i o n  
for  t h e  m e c h a n i s m  of ac t ion  of the  benzo th iad iaz ines  in 
DI  has  been  suggested.  W e  have  prev ious ly  r epo r t ed  t h a t  
th iaz ides  h a d  an  an t id ips ic  e f fec t  when  appl ied  to  nephrec -  
t o m i z e d  ra t s  or fol lowing i m p l a n t a t i o n  in t he  h y p o t h a l a -  
m u s  n,4. The  i n t r o d u c t i o n  of an t i hype rg lycemic  drugs,  

Activity in the Rat 

ch lo rp ropamide  and me t fo rmin ,  to  the  t r e a t m e n t  of dia- 
be tes  ins ipidus  5, ~ p r e sen t ed  a n o t h e r  chal lenge as to  t he  
m e c h a n i s m  of act ion of t he  var ious  unre la ted  drugs  in th is  
disease. 

Re c e n t l y  13ROW~ et  alY h a v e  sugges ted  a new and  in- 
t e res t ing  hypo thes i s  for  t he  an t id iu re t i c  ef fect  of th iaz ides  
i n D I .  The  crucial  f ac to r  according  to  th i s  hypo thes i s  is an 
increase in p l a s m a  ren in  ac t iv i ty  a n d  hence  - angiotens in .  
This  would  t h e n  reduce  ur ine  vo lume  and,  secondari ly ,  
reduce  t h e  th i r s t ,  a r emarkab l e  fea ture  in th i s  disease. 



1314 Specialia EXPEEIENTIA 27/11 

Th i s  h y p o t h e s i s  could  also exp la in  t h e  benef ic ia l  effect  of 
a s o d i u m - p o o r  d ie t  in  D I  : such  a d ie t  would  m a i n t a i n  t he  
e leva ted  p l a s m a  ren in  levels  caused  b y  t h e  d r u g L  BROWN 
et  a12 also p r e s e n t e d  d a t a  on p l a s m a  r en in  a c t i v i t y  in  pa -  
t i en t s  t r e a t e d  w i t h  th iaz ides ,  w h i c h  s u p p o r t e d  t h  e h y p o -  
thesis .  

I t  s eemed  t o  us  t h a t  t h i s  h y p o t h e s i s  could be  f u r t h e r  
genera l ized  if t h e  n o n - n a t r i u r e t i c  drugs,  such  as an t i -  
h y p e r g l y c e m i c  c o m p o u n d s ,  w h i c h  are  ef fec t ive  in  r e d u c i n g  
ur ine  f low in DI, could  also increase  p l a s m a  r en in  ac t iv i ty .  

The  e x p e r i m e n t s  were  p e r f o r m e d  in ma le  r a t s  of t h e  
H e b r e w  U n i v e r s i t y  s t ra in ,  we igh ing  250-300 g. I n  t h e  f i r s t  
e x p e r i m e n t  we h a v e  in j ec t ed  in to  r a t s  t h e  b i g u a n i d e  d r u g  
p h e n f o r m i n  (k ind ly  supp l i ed  b y  Ass ia  P h a r m a c e u t i c a l s ,  
Tel -Aviv) ,  25 m g / k g  s.c. a n d  75 m g / k g  i.p. T h e  c o n t r o l  
r a t s  were i n j ec t ed  w i t h  e q u i v a l e n t  vo l um es  of sa l ine  
(0.9% NaC1). The  r a t s  were  g iven  food a n d  w a t e r  ad  
l i b i t u m  ove rn igh t .  On t he  fo l lowing d a y  b lood  was collec- 
t ed  a n d  t h e  k idneys  were  r e m o v e d  to  s t u d y  r e n i n  ac t iv i ty .  
T h e  m e t h o d  of BOUCHER et  al. s was  used, i n c u b a t i n g  t he  
s amp le s  w i t h  excess s u b s t r a t e  (p r epa red  f rom p l a s m a  of 
n e p h r e c t o m i z e d  ra ts ) .  T he  k i dneys  were sub j ec t ed  to  3 
cycles of f reez ing  a n d  t h a w i n g  before  t e s t i n g  for  r en in  
a c t i v i t y  (to re lease  or  expose  b o u n d  renin) .  T he  resu l t s  are  
s h o w n  in  T a b l e  I :  p h e n f o r m i n  re su l t ed  in a fall, r a t h e r  
t h a n  a n  increase  of p l a s m a  r en in  a c t i v i t y ;  no  s ign i f i can t  
c h a n g e  was obse rved  in k i d n e y  r e n i n  ac t iv i ty .  

The  second  e x p e r i m e n t  was  p e r f o r m e d  w i t h  ch lorpro-  
p a m i d e  (k ind ly  suppl ied  b y  Char les  Pf izer  & Co., Inc. ,  
New York) .  T h e  d rug  was d isso lved  in  e t h a n o l  a n d  t h e  
con t ro l  r a t s  were i n j ec t ed  w i t h  e q u i v a l e n t  v o l u m e s  of 
e thano l .  C h l o r p r o p a m i d e  was  i n j ec t ed  s.c. (100 mg/kg)  
a n d  t h e  s a m e  p rocedu re  was  fol lowed as w i t h  p h e n f o r m i n .  
T h e  resu l t s  are g iven  in T a b l e  I I .  T he  effect  of ch lo rp ropa -  
mi  de  r e sembles  t h a t  of p h e n f o r m i n ,  i.e. a decrease  in  
p l a s m a  r e n i n  a c t i v i t y  was obse rved  a n d  no  s ign i f i can t  
c h a n g e  in k i d n e y  ren in  ac t iv i ty .  

T h u s  t h e  h y p o t h e s i s  of BROWN et  a id  for  t h e  ac t ion  of 
t h i az ides  in  D I  t h r o u g h  inc reased  p l a s m a  r e n i n  a c t i v i t y  
c a n n o t  be  e x t e n d e d  to  t he  a n t i - h y p e r g l y c e m i c  drugs.  The  
m e c h a n i s m  of t he  r e d u c t i o n  of p l a s m a  r en in  a c t i v i t y  b y  
t he  a n t i h y p e r g l y c e m i c  drugs  is no t  clear.  However ,  t h i s  
f i nd ing  co r robo ra t e s  p rev ious  resu l t s  f rom our  l a b o r a t o r y  : 
1. The  a n t i h y p e r g l y c e m i c  d rugs  were  found  to  be  an t i -  

d ips ie  in  t h e  ra t% ~0, a n d  2. 1Renin a n d  a n g i o t e n s i n  s t imu-  
l a t e  w a t e r  i n t a k e  in t he  same  species xx,x2. However ,  t h e  
a n t i d i u r e t i c  effect  of these  d rugs  in  D I  is n o t  t h e r e b y  ex- 
p la ined .  E x p e r i m e n t s  in  progress  n o w  on t he  effect  of 
these  d rugs  on  t r a n s p o r t  in  a m p h i b i a n  sk in  m a y  lead to  
f u r t h e r  u n d e r s t a n d i n g .  

T h e  d ipsogenic  ef fec t  of r en in  requi res  also f u r t h e r  
e luc ida t ion  of t h e  benef ic ia l  effect  of t h e  d iure t ics  in  
D I  1, 2, ~ If  t he se  d rugs  increase  p l a s m a  r en in  ac t iv i ty ,  one 
would  expec t  t h i r s t  to  be  a c o n s t a n t  c o m p l a i n t ,  even  
w h e n  u r ine  v o l u m e  ha s  been  reduced .  B u t  t h e  t h e r a p e u t i c  
ef fec t  in  D I  does n o t  s u p p o r t  t h i s  p red ic t ion .  Th i s  face t  
ha s  n o t  ye t  b e e n  e l a b o r a t e d  u p o n  b y  BROWN e t  al.L 

I t  seems,  there fore ,  t h a t  a l t h o u g h  t he  r e n i n - h y p o t h e s i s  
of  I3ROWN et  a ld  a c c o u n t s  for  m a n y  p h e n o m e n a  r e l a t ed  to  
t he  t h e r a p e u t i c  effect  of t h i az ides  in  DI ,  t h e  e x p e r i m e n t s  
r e p o r t e d  here  as wel l  as o t h e r  d a t a  p o i n t  to  d i i f e r en t  
m e c h a n i s m s  w h i c h  m a y  be  i n v o l v e d  in t he  m e c h a n i s m  of 
o t h e r  d rugs  e f fec t ive  in DI ,  p a r t i c u l a r l y  a n t i - h y p e r g l y -  
cemic  drugs.  E.g.  c h l o r p r o p a m i d e  ha s  been  r e p o r t e d  to  
h a v e  a n  ef fec t  s imi l a r  to  t h a t  of va sop re s s in  13. I t  h a s  b e e n  
p rev ious ly  obse rved  t h a t  vasopres s in  a d m i n i s t r a t i o n  in  
v ivo  m a y  reduce  p l a s m a  r en in  a c t i v i t y  in  t h e  dog  14,15. The  
decreased  p l a s m a  r e n i n  a c t i v i t y  fo l lowing c h l o r p r o p a m i d e  
in ou r  e x p e r i m e n t s  in t he  r a t  m a y  be  r e l a t ed  to  t h e  s imi la-  
r i t y  of c h l o r p r o p a m i d e  ac t ion  to  t h a t  of vasopress in .  

Rdsumd. L a  p h 6 n f o r m i n e  e t  la  c h l o r p r o p a m i d e ,  deux  
agen t s  a n t i h y p e r g l y c 4 m i q u e s ,  son t  uti l is6s p o u r  le t r a i t e -  
m e n t  du  d i ab6 te  ins ipide .  Ces d e u x  drogues  in jec t6es  h des  
r a t s  d i m i n u e n t  le t a u x  p l a s m a t i q u e  de la  r6n ine  sans  affec- 
t e r  la r6n ine  du  rein.  La  d i m i n u t i o n  de l ' a c t iv i t6  r6nine  
p l a s m a t i q u e  s ' oppose  h l '616vat ion que  l ' on  t r o u v e  apr6s  
i n j ec t i on  de d iu r6 t iques  du  g roupe  ch lo ro th iaz ide .  On 
suppose  que  c ' es t  ce t te  616rat ion,  qu i  p r o d u i t  l ' e f fe t  an t i -  
d iu r6 t ique  de ces drogues  dans  le d iab6 te  insipide.  L ' ac t i -  
v i t4  de la r6n ine  p l a s m a t i q u e  ne  p e u t  done  exp l ique r  l ' e f fe t  
a n t i d i u r 6 t i q u e  de t o u s l e s  compos6s  ut i l is6s darts  ce dia-  
b6te.  
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Table I. Effect of phenformin on renin activity in the rat 

Control Phenformin p 

Plasma renin activity 263 :[: 30 116 ~ 16 <0.001 
Kidney renin activity 265 ± 33 203 q- 24 n.s. 

Results expressed as mean :i: S.E. In each group 9 rats. Plasma renin 
activity given as ng angiotensin liberatedlml plasma × 18 h. Kidney 
renin activity given as ~zg angiotensin liberated]g kidney × 1 h. 

Table II. Effect of chlorpropamide on renin activity in the rat 

Control Chlorpropamide p 

Plasma renin activity 308 q- 83 114 -4- 19 <0.05 
Kidney renin activity 357 :~: 55 337 q- 47 n.s. 

Results and units expressed as in Table I. In each group 9 rats. 
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