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E f f e c t s  of  H i s t a m i n e ,  H i s t i d i n e  a n d  I m i d a z o l e  A c e t i c  A c i d  o n  N e u r o n e s  of  t h e  M e d u l l a  O b l o n g a t a  o f  

t h e  C a t  

H i s t a m i n e  a n d  some of i t s  m e t a b o l i t e s  h a v e  been  de- 
t e c t e d  in va r ious  a reas  of t h e  fel ine c e n t r a l  n e r v o u s  sys- 
t e m  (for ref.  see 1). I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  micro-  
c l e c t ropho rc t i c a l l y  a d m i n i s t e r e d  h i s t a m i n e ,  h i s t i d ine  a n d  
imidazo l e  ace t ic  acid ( IAA) h a v e  m a i n l y  d e p r e s s a n t  ac- 
t i ons  on  n e u r o n e s  of t h e  ce rebra l  co r t ex  of t h e  ca t  2,~. 
F u r t h e r m o r e ,  BRADLEY, H0SLI a n d  ~VOLSTENCROFT 4 re- 
p o r t e d  t h a t  h i s t a m i n e  depresses  t h e  f i r ing  of b r a i n  s t e m  
neurones .  OBATA e t  al.  5 also o b s e r v e d  a dep res s ion  of 
sp ike  d i scharges  of De i t e r s  neu rones  b y  IAA.  

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  we h a v e  s t ud i ed  t h e  effects  
of h i s t a m i n e ,  h i s t i d ine  a n d  I A A  on  t h e  s p o n t a n e o u s  f i r ing 
of neu rones  of t h e  m e d u l l a  o b l o n g a t a  of t h e  ca t .  T h e  ac t ion  
of s t r y c h n i n e  on  t h e  depress ion  caused  b y  I A A  was also 
inves t iga t ed .  

E x p e r i m e n t s  were  car r ied  o u t  on  15 ca t s  w h i c h  h a d  
b e e n  d e c e r e b r a t e d  d u r i n g  n i t r o u s  o x i d e / h a l o t h a n e  anes-  
thes ia .  T h e  m e t h o d s  used h a v e  b e e n  desc r ibed  in de ta i l  
in  a p r ev ious  paper% Ac t ion  p o t e n t i a l s  were  recorded  
ex t r ace l l u l a r l y  t h r o u g h  t h e  4 M-NaC1 c o n t a i n i n g  ba r re l  
of a 6 -bar re l  glass m i c r o p i p e t t e  (3-6  ~ m  t ip  d iamete r )  
f r o m  n e u r o n e s  of t h e  m e d u l l a  o b l o n g a t a  (1-5 m m  ros t ra l  
to  t he  obex,  up  to  2 m m  la t e r a l  to  t h e  m i d l i ne  a n d  up  to a 
d e p t h  of 5 ram).  T h e  fo l lowing d rugs  were  a d m i n i s t e r e d  
mic roe l ec t ropho re t i c a l l y  : H i s t a m i n e  d i h y d r o c h l o r i d e  (Flu- 
ka,  0 .bM) ,  L-h is t id ine  d i h y d r o c h l o r i d e  (F luka ,  0 .bM) ,  
imidazo le  ace t ic  ac id  h y d r o c h l o r i d e  (Calbiochem,  0 .bM) ,  
1 -me thy l -4 - imidazo le  ace t ic  ac id  h y d r o c h l o r i d e  (Calbio- 
chem,  0 .5~I) ,  1 , 4 - m e t h y l h i s t a m i n e  d i hyd r och l o r i de  (Cal- 
b iochem,  0 . b M )  a n d  g lycine  ( F l uka ,  0 .bM) .  T h e  so lu t ions  
were  a d j u s t e d  t o  p H  3-3, 5 w i t h  HC1 a n d  e jec ted  w i t h  ca- 
t ion ic  ( + )  c u r r e n t .  S t r y c h n i n e  h y d r o c h l o r i d e  (Br i t i sh  
D r u g  Houses)  was  p r e p a r e d  as  a 5 m M  so lu t ion  in  165 m M  
NaC1 a n d  e jec ted  w i t h  ca t ion ic  cu r r en t .  

H i s t a m i n e ,  h i s t i d ine  a n d  I A A  depressed  t h e  f i r ing  of t h e  
m a j o r i t y  of n e u r o n e s  t es ted .  A c o m p a r i s o n  of these  d rugs  
on  t he  s a m e  n e u r o n e  revea led  t h a t  I A A  was  usua l ly  a more  
p o t e n t  d e p r e s s a n t  t h a n  h i s t id ine  a n d  h i s t a m i n e ,  a l t h o u g h  
on  some cells h i s t i d ine  a n d / o r  h i s t a m i n e  were equa l ly  
effect ive.  \ V h e n  t h e  a c t i o n  of g lycine  was c o m p a r e d  w i t h  
t h a t  of h i s t a m i n e  a n d  I A A  on t h e  same  cell (42 cells), gly- 
c ine was a lways  a more  ef fec t ive  d e p r e s s a n t  t h a n  t he  o t h e r  
t w o  subs tances .  A t yp i ca l  e x a m p l e  of t he  d e p r e s s a n t  ac t ion  
of these  s u b s t a n c e s  is i l l u s t r a t ed  in F igu re  1A. Glyc ine  
w h i c h  was  e jec ted  w i t h  a c u r r e n t  of 15 n A  (10 -~ A) 
caused  a s imi l a r  depress ion  as I A A  a d m i n i s t e r e d  w i t h  a 
c u r r e n t  of 30 hA.  I A A  was  on ly  s l i gh t ly  more  p o t e n t  t h a n  
h i s t id ine  b u t  c lear ly  more  e f fec t ive  t h a n  h i s t a m i n e  (e jec ted  
w i t h  t h e  s ame  cu r r en t )  on  t h i s  cell. T h e  order  of r e l a t i ve  
p o t e n c y  of these  d rugs  is also i l l u s t r a t ed  in t h e  'dose-re-  
sponse" cu rve  (Figure  113) w h i c h  shows  t h e  r e l a t i o n s h i p  
b e t w e e n  va r i ous  e jec t ing  c u r r e n t s  a n d  t h e  depress ion  of 
f i r ing  (in %).  

T h e  t i m e  course  of depress ion  w h i c h  o f t en  v a r i e d  con-  
s i d e r a b l y  b e t w e e n  neurones ,  was  usua l ly  s lower  for  h i s t -  
a m i n e  t h a n  for I A A  a n d  h i s t id ine .  T h e  a c t i o n  of g lyc ine  
was  a l w a y s  f a s t e r  in onse t  t h a n  t h a t  of t h e  o t h e r  s u b s t a n -  
ces (using e q u a l  e j ec t ing  cur ren ts ) .  No de s ens i t i z a t i on  to  
t h e  d e p r e s s a n t  ac t ions  of I A A  (6 cells) a n d  h i s t a m i n e  (3 
cells) was  obse rved  w h e n  these  d rugs  were app l i ed  re- 
p e a t e d l y  in  s h o r t  in te rva l s .  1, 4 - m e t h y l h i s t a m i n e  d i h y d r o -  
ch lor ide  (MH) a n d  1 -methy l -4 - imidazo le  acet ic  acid hy-  
d roch lo r ide  (MIA) w h i c h  h a v e  been  t e s t ed  on  a few cells 
h a d  also d e p r e s s a n t  ac t ions ,  M H  be ing  more  ef fec t ive  
t h a n  MIA.  

T h e  a c t i o n  of s t r y c h n i n e  on  t h e  depress ion  causcd  b y  
glycine,  a n d  I A A  was s tud ied  on  11 cells in  6 cats .  Elec-  

t r o p h o r e t i c a l l y  a d m i n i s t e r e d  s t r y c h n i n e  (5 m M  in !65 m M  
NaC1) a lways  r e v e r s i b l y  b locked  t h e  d e p r e s s a n t  a c t i o n  
of g lyc ine  b u t  d id  n o t  af fec t  t h e  dep res s ion  caused  b y  
IAA.  
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A) Comparison of the actions of glyeine (Gly), imidazole acetic acid 
(IAA), histamine (Hist) and histidine (if is) on the spontaneous firing 
of a neurone of the medulla oblongata. Firing frequency (spikes/see, 
ordinate) is plotted against time (30 sec intervals, abscissa). Dura- 
tions of drug ejection are represented by horizontal bars above the 
trace. Values of the ejecting currents in nA (10-gA) are indicated 
above the bars. 

B) 'Dose-response' curve obtained for the same neurone. Each point 
represents the maximal depression (in %} produced by Gly, IAA, His 
and Hist ejected with different currents (nA) for approximately equal 
periods. 
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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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Department o[ Neurophysiology, 
Neurological Clinic of the University ol Basel, 
Socinstrasse 55, CH-d051 Basel (Switzerland), 9 June 1971. 

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 
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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. 


