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A d iscuss ion  of t h e  resu l t s  a n d  t h e  s ign i f icance  of these  
d rugs  for  s .ynaptic t r a n s m i s s i o n  wil l  be  defer red  u n t i l  t h i s  
w o r k  is r e p o r t e d  in  de ta i l .  

Zusammen[assung. M i k r o e l e k t r o p h o r e t i s c h  ve r ab r e i ch -  
tes  H i s t a m i n ,  H i s t i d i n  a n d  Imidazotessigs~ture h e m m e n  die 
Akt iv i tXt  v o n  N e u r o n e n  de r  Medul la  o b l o n g a t a  der  Ka tze .  
S t r y c h n i n ,  welches  in r eve r s ib le r  VVeise die h e m m e n d e  Wi r -  

k u n g  v o n  Glyc in  b lock ie r t ,  zeigt  k e i n e n  A n t a g o n i s m u s  zu 
Imidazoless igs~ure .  
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T h e  O r i g i n  o f  T o u r n i q u e t  S h o c k - I n d u c e d  C a r d i o v a s c u l a r  F a i l u r e  i n  E x o g e n o u s  H y p e r t h y r o i d i s m  

I t  is con t rove r s i a l  w h e t h e r  t he  s u d d e n  c a r d i o v a s c u l a r  
col laps  of h y p e r t h y r o i d  a n i m a l s  in shock  is p r i m a r i l y  due  
to  m y o c a r d i a l  or p e r i p h e r a l  fai lure.  

I n  exogenous  h y p e r t h y r o i d i s m  t h e  en la rged  h e a r t  e jec ts  
more  b lood  a n d  is more  ef f ic ient  t h a n  t h e  no r m a l ,  e u t h y -  
ro id  h e a r t  u n d e r  ba sa l  cond i t i ons  a n d  d u r i n g  load ing  ~, 
T h e r e  are,  however ,  i nd i ca t i ons  t h a t  a reas  of r e l a t ive  
h y p o x i a  m a y  ex is t  in  t h e  h y p e r t r o p h i e d  m y o c a r d i u m  of 
h y p e r t h y r o i d  an imal s .  M a r k e d  t a c h y c a r d i a  a n d  inc reased  
o x y g e n  r e q u i r e m e n t  r e su l t  in  a n o n - u n i f o r m  d i s t r i b u t i o n  
of c o r o n a r y  b lood  flow, m y o c a r d i a l  h y p o x i a  a n d  decreased  
con t r ac t i l e  force ~. Th i s  p a t t e r n  could cause  t h e  s u d d e n  
d e a t h s  of e x o g e n o u s - h y p e r t h y r o i d  a n i m a l s  a n d  m a y  be  t h e  
p r i m a r y  d e t e r i o r a t i n g  fac to r  in  shock  since su scep t ib i l i t y  
to  shock  is d i r ec t ly  r e l a t ed  to  a n  inc reased  m e t a b o l i c  r a t e  
of m o s t  o rgans  ~ i nc lud ing  t he  h e a r t  4. 

The  fo l lowing e x p e r i m e n t s  were des igned  to  d i f feren-  
t i a t e  b e t w e e n  m y o c a r d i a l  i n v o l v e m e n t  a n d  pe r iphe ra l  in- 
v o l v e m e n t  as t h e  p r i m a r y  d e t e r i o r a t i n g  fac to rs  in  t he  de-  
v e l o p m e n t  of shock.  H y p e r t h y r o i d  a n i m a l s  were pre-  
t r e a t e d  w i t h  e i t h e r  reserpine ,  a n o r e p i n e p h r i n e  dep l e t i ng  
a g e n t  or  p h e n o x y b e n z a m i n e ,  a n  e -b lock ing  agen t .  The  
c a r d i o v a s c u l a r  s y s t e m  was  t h e n  cha l l enged  b y  u n i l a t e r a l  or  
b i l a t e r a l  t o u r n i q u e t s  on  t h e  h i n d  l imbs .  

Material and methods. Male a l b i n o  r a t s  of t h e  Sprague-  
D a w l e y  S t r a i n  (Ho lzman)  we igh ing  220 ~ 15 g were  used.  
T h e  r a t s  were  m a d e  h y p e r t h y r o i d  b y  a da i l y  s.c. i n j ec t i on  
d u r i n g  14 days ,  of 20 V1]100 g of b o d y  w e i g h t  ot  1-triiodo- 
t h y r o n i n e  (Cytomel :  Suf i th ,  K le in  & F r e n c h  Co.). T h e  
con t ro l  a n i m a l s  rece ived  in jec t ions  of s o l v e n t  in  t he  s a m e  
v o l u m e  t o  b o d y  w e i g h t  ra t io .  R e s e r p i n e  p r e t r e a t m e n t  
cons i s ted  of a s.c. i n j e c t i o n  of Serpas i l :  R e s e r p i n e  (Ciba 
P h a r m a c e u t i c a I  P r o d u c t s ,  Inc.) ,  1 m g / k g  b o d y  weight ,  
1 d a y  before  t h e  t o u r n i q u e t  w as  appl ied .  P h e n o x y b e n z -  
a m i n e :  D ibenzy l i ne  (Smi th ,  K le in  a n d  F r e n c h  Lab . )  
1 m g / k g  of b o d y  weight ,  was  g iven  i.p. 1 h before  t o u r n i -  
q u e t  app l i ca t ion .  T o u r n i q u e t  shock  was  p r o d u c e d  b y  t h e  
l i ga t ion  of t h e  h i n d  l imb(s)  of a n e s t h e t i z e d  a n i m a l s  (pen- 

t o b a r b i t a l  - 30 m g / k g  i.p.) a t  t he  i ngu ina l  level,  w i t h  a 
doub le  r u b b e r  b a n d  k e p t  in p lace  for  5 h. D e a t h  was  con-  
f i rmed  b y  e l ec t roca rd iog ram.  T o t a l  b o d y  oxygen  con- 
s u m p t i o n  was  m e a s u r e d  w i t h  a M.O.U.S .E .  s p i r o m e t e r  
(Mod. 160, C u s t o m  Eng.  & Dev.  Co. , St. Louis ,  Mo.). 
B lood  p ressu re  was  r eco rded  in t h e  ca ro t id  a r t e r y  b y  a 
S t a t h a m  pressure  t r a n s d u c e r  a n d  t he  m e a n  a r t e r i a l  b lood  
pressure  is expressed  as d ias to l ic  p ressure  +~/8 of pulse  
pressure .  The  S t u d e n t - t - t e s t  was  used  to  d e t e r m i n e  t he  
s igni f icance  of t h e  di f ference b e t w e e n  two  means .  P - v a l u e s  
less t h a n  0.01 were  accep t ed  as s ign i f ican t .  

Results and discussion. 5 h b i l a t e ra l  l i m b  i s chemia  caus-  
ed 100% m o r t a l i t y  in  e u r y t h y r o i d  r a t s  (Tab le  I). T h e  sur-  
v i v a l  t i m e  could  be  increased  s ign i f i can t ly  b y  p r e t r e a t -  
m e n t  w i t h  p h e n o x y b e n z a m i n e  b u t  r e se rp ine  was  com- 
p le t e ly  ineffect ive .  S imi la r  resu l t s  were  seen w i t h  h y p e r -  
t h y r o i d  a n i m a l s  h a v i n g  incresed  ca rd iac  work  load (in- 
c reased  b lood v i scos i ty  due  to  e x t r a v a s a t i o n  f rom the  
i schemic  l imbs)  d u r i n g  t he  d e v e l o p m e n t  of t o u r n i q u e t  
shock.  The  a n i m a l s  died w i t h i n  a s h o r t  t i m e  a f t e r  t he  
re lease  of t h e  t o u r n i q u e t s  b u t  again,  p h e n o x y b e n z a m i n e  
s ign i f i can t ly  l e n g t h e n e d  t he  s u r v i v a l  t ime .  

R e c e n t  s tud ies  5 fai l  to  s u p p o r t  t h e  p r e v i o u s  c o n c e p t  8 
t h a t  h y p e r t h y r o i d  a n i m a l s  a re  less r e s i s t a n t  to  shock  as a 

i M. BEz,-~, Can. J. 13iochem. Physiol. dO, 1647 (1962). 
D. PIATNEK-LEUNISSEN and R. E. OLSON, Circulation Res. 20, 242 
(1967). 

3 A. G, t3. KovJkcil, L. TAK~CS, A. MOHXCS*, V. K£LDOR and Z. KAL- 
MkR, Acta physiol, hung. ~I, 181 (i957). 

4 G. G. RowE, J .H .  HousToN, A.B. W~I~ST~IN, H. TUCHMAN, 
J. F. BROWN and C. "VV. CRUMPTON, J. clin. Invest. 35, 272 (1956). 

5 H. S. MARGOLIUS and T. E. GAI=FNI~Y, J. Pharmac. exp. Ther. t49, 
329 (1965). 

6 W. R. BREWSTI~R, jr., J. P. ISAACS, P. F. OSGOOD and T. L. KIsG, 
Circulation 13, 1 (1956). 

Table I. Bilateral limb ischemia : The effect of drugs on euthyroid and hyperthyroid rats 

Euthyroid Hyperthyroid 

Treatment No. of Survival time Mortality No. ot Survival time Mortality Significant difference 
rats (h) (%) rats (h) (%) between Euthyroid- 

Hyperthyroid 

Saline 11 11.2 =k 1.61 100 15 0.92 :t: 0.24 100 P < 0.01 
Reserpine 10 11.64 -I- 1.24 100 14 0.85 -t- 0.18 100 P < 0.01 
Phenoxybenzamine 12 19.32 i 2.84 83" 15 2.48 ~ 0.45 100 P < 0.01 

• 2 of 12 animals lived 7 days and were sacrificed. 
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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. 


