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Responses to tha lamic  st imuli  were more susceptible than  
those to s t imula t ion  of the  per icruciate  cortex,  and re- 
sponses to nigral  s t imula t ion  were usual ly  least  affected. 
The  observa t ion  tha t  responses to s t imula t ion  of the  CN 
are more sensit ive to G A B A  and picrotoxin  than  a r e  
responses to s t imula t ion  of major  afferent  pa thways  
suggests t h a t  these agents  act  preferent ia l ly  on the  o u t p u t  
of caudate  in terneurons  and no t  on the  inpu t  to these 
neurons f rom majo r  afferents.  This act ion was clear in 
spite of factors which could bias results in the opposite  
direction,  namely :  a) while direct  s t imula t ion  of the CN 
pr incipal ly  excites interneurons,  i t  also excites some 
afferent  fibers t ravers ing  the  CN, and b) s t imula t ion  of 
afferent  pa thways  secondari ly  ac t iva tes  some inter-  
neurons and m a y  account  for the  weaker  effects of G A B A  
and picrotoxin  seen in potent ia ls  evoked by  s t imula t ion  
of the  afferent  pa thways .  
The effects of p icrotoxin  fur ther  suppor t  the concept  t h a t  
intrinsic G A B A  is involved  in the  product ion  of the re- 
sponse to s t imula t ion  of caudate  interneurons.  P ic ro tox in  
antagonized the  effect of extr insic GA]3A on the  evoked 
potent ial ,  as would be expected  of an an tagonis t  of any  
agent  affect ing the evoked potent ia l .  More impor tan t ly ,  
p icrotoxin  alone antagonized and inver ted  those com- 
ponents  of the  evoked po ten t ia l  which were faci l i ta ted 
by  extr insic  G A B A ;  the  inversion is p robab ly  due to 

components  of opposi te  polar i ty  normal ly  masked by  the  
GABA-sens i t ive  components .  The  block of GA/3A- 
sensit ive components  by  p icrotoxin  makes  i t  l ikely t h a t  
p icrotoxin  interacts  wi th  an intrinsic G A B A  receptor  
which is responsible for the  product ion  of the  late 
components .  Because t h e s e  components  were elicited 
only by  s t rong s t imuli  and had a longer  la tency  than  the  
ear ly  peak  produced by  weak stimuli ,  they  are presumed 
to be due to the exci ta t ion  ei ther  of in terneurons  of 
re la t ive ly  high threshold and slow conduct ion ve loc i ty  
or of po lysynapt ic  in terneuronal  connections.  Whi le  
G A B A  m a y  thus  be the  synapt ic  t r ansmi t t e r  of inter-  
neurons of this description,  ano ther  t r ansmi t t e r  is prob-  
ably l iberated by  a set of in terneurons  wi th  a low thres- 
hold producing the ear ly  peak  in the evoked po ten t i a l .  
The G A B A  receptor  is p robab ly  at  or near  the soma of 
interneurons,  because picrotoxin  al tered evoked potent ia ls  
only  when applied at  a site where neuronal  act ion poten-  
t ials could also be recorded. This  is consis tent  wi th  
electronmicroscopic evidence showing t h a t  afferent  
fibers t e rmina te  on dendri tes  and somata  of in terneurons  
while te rminals  of in ternenrons  have  synapses on the  
ini t ial  segment  as well is. 

18 J.M. Kemp and T. P. S. Powell, Phil. Trans. R. Soc. Loud. 262, 
413 (1971). 

The  effect  of v a s o a c t i v e  a g e n t s  on nutr i t ive  co l la tera l  c i rcu la t ion  in rat  m u s c l e s  

L. Takgcs,  B. Kendz, L. Debreczeni  and Karola  Alber t  

2nd Department o~ Medicine, Semmelweis University Medical School, Szenthirdlyi-u. dO, H-1088 Budapest (Hungary), 
16 July 1976 

Summary. The relat ionship be tween the  collateral  and control  nu t r i t ive  blood flow (~6 Rb) of the  tr iceps muscle was 
not  influenced by  vasoac t ive  agents  (phenylephrine,  angiotensin II ,  vasopressin) in the  rat.  Isolevine caused vaso- 
di la t ion only  in the  control  muscle. 

I m m e d i a t e l y  following l igat ion of an ar tery,  the  oxygen  
and metabol ic  supply of the area fed by  t h a t  a r t e ry  is 
de te rmined  by  vessels called p r imary  nu t r i t i ve  collaterals.  
Bo th  f rom physiological  and clinical points  of view, i t  is 
i m p o r t a n t  to know tile sens i t iv i ty  and r eac t iv i ty  of the  
nu t r i t ive  collaterals.  In  our exper iments ,  the  effect  of 
vasoac t ive  agents  on the  accumula t ion  of S6Rb by  m. tri-  
ceps surae, fol lowing closure of the  femoral  ar tery ,  has  
been studied. 
Methods. Male rats  af ter  12-16 h of fast ing were anesthe-  
t ized wi th  50 mg/kg  b .wt  pen tobarb i t a l  i.p. Ar ter ia l  blood 
pressure was cont inuously  recorded f rom the  carot id  
a r t e ry  wi th  a mercu ry  manometer .  Cardiac o u t p u t  was 
de termined  wi th  the  Evans  blue di lut ion method,  and the  
m. tr iceps surae f ract ion of the  cardiac ou tpu t  was mea- 
sured using the  isotope f rac t ionat ion  me thod  of Sapir- 
stein I. Circula tory  resistance was calculated.  Nu t r i t i ve  
eoIlateraI resistance refers to resistance of the  whole area 
accumula t ing  Rb  and supplied by  the  collaterals. Since 
we do no t  know the  pressure drop inside individual  vessel 
segments,  par t ia l  resistances cannot  be calculated f rom 
our  data.  Detai ls  of these me thods  are found in our 
previous  papers  2, 3 
The  left  femoral  a r t e ry  was l ighted under  the  inguinal  
l igament .  In  previous  exper iments  2, 3, i t  was found t h a t  
the  resistance of the  collaterals of the  m. t r iceps surae 
does no t  change dur ing  the  first  10-120 rain following 
ligation. Therefore,  we s tar ted  the infusion of drugs into 

the  jugular  vein  10 min  after  l igation. The infusion lasted 
5 min, a t  a ra te  of 0.02 ml/min,  af ter  which the cardiac 
ou tpu t  was de termined  by  sampling blood f rom the  
carot id a r te ry ;  then  about  10 ~xCi of 86Rb was in jec ted  
into the  jugular  vein. At  60-80 see af ter  Rb  injection,  the  
animals  were killed by  i.v. adminis t ra t ion  of KC1 solution. 
The cumula t ive  doses of the  vasoac t ive  agents  for 100 g 
b .wt  were as follows: vasopressin:  16 and 32 m U ;  angio- 
tensin I I :  0.10 and 0.20 ~zg; phenylephr ine :  9.2 and 
19.4 ~zg; isolevine: 0.11 and 0.19 ~zg. Cardiac ou tpu t  and 
T P R  were calculated for 100 g b.wt, blood flow and 
resistance of the  tr iceps muscle for 100 g muscle weight.  
Changes in the  exper imenta l  animals  were compared  to 
those in the  non- t rea ted  control  group. D a t a  are shown 
in the  table wi th  common  s tandard  deviat ions.  
Results and comments. As i l lustrated in the  table, the  
nu t r i t ive  blood flow to the  left  t r iceps muscle decreased 
to 55% and its resistance increased to 206% of the  contra-  
la tera l  side following l igat ion of the  le f t  femoral  ar tery.  
Bo th  concentra t ions  of vasopressin,  angiotensin I I  and 
phenylephr ine  increased the  blood pressure and increased 
the  resistance of the  t r iceps muscle on both the  l ighted 
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Vasopressin Angiotensin II Phenylephrine Isolevine 
Control 16 mU 32 mU 0.10 ~xg 0.20 ~xg 9.2 txg 19.4 [• 0.11 ~g 0.19 Exg 
20 11 11 10 10 10 10 9 9 

Common SD 

Total body 
Body weight 198.5 202.3 205.4 192.0 195.5 218.0 203.5 185.0 207.8 34.8 
Blood pressure 123.2 152.3 b 160.1 ~ 142.0 b 152.5 b, ~' 173.0 b 172.5 b 93.9 b 77.8 b 18.1 
Cardiac index 20.6 17.8 18.7 16.3 13.6 b 18.8 17.2 b 23.1 27.4 b 4.8 
T P R  503.2 713.7 b 730.2 b 736.7 b 061.0 b 749.0 b 805.5 b 338.1 b 227.0 b, ~ 150.7 

M. triceps surae 
I 2.89 2.77 2.45 2.34 �9 1.85 b, c 3.05 2.31 2.21 1.54 b 0.85 

Blood flow 
r 5.64 4.78 4.93 4.60 3.49 b 5.00 3.61 b, o 6.72 16.42 b, o 3.42 

left/right; percent 55.2 59.3 51.6 53.9 54.3 60.8 63.5 39.8 ~ ll.0b, a 15.4 
1 3722 5133 ~ 5757 b 5021 �9 7634 b 5061 ~ 6628 b 3753 6127 2340 

Resistance 
r 1930 2819 b 2762 b 274P 3776 b, ~ 2891 b 4127 b, ~ 1508 483 b, ~ 904 

Body weight: g; blood pressure: m m  Hg; cardiac index: ml/min 100 g b.wt; TPR:  10a cm dyn sec-a/100 g b.wt; blood flow: ml/min 100 g 
weight of m. triceps; resistance: 103 cm dyn see-5/100 g weight of m. triceps. 1 = left, r = right. 
Differences. Colltrol versus treated: ~p < 0.05, bp < 0.01; treated versus treated: cp < 0.05, ap < 0.0i. 

a n d  c o n t r a l a t e r a l  s ides .  E x c e p t  for  t h e  l a r g e r  dose  of  
p h e n y l e p h r i n e ,  t h e s e  d r u g s  d i d  n o t  c h a n g e  t h e  b l o o d  f l ow  
a n d  r e s i s t a n c e  o n  t h e  2 s i de s  r e l a t i v e  t o  e a c h  o t h e r .  
I s o l e v i n e ,  e s p e c i a l l y  t h e  l a r g e r  dose ,  s i g n i f i c a n t l y  in -  
c r e a s e d  t h e  c a r d i a c  i n d e x  a n d  d e c r e a s e d  t h e  T P R .  T h e  
b l o o d  f l ow  of  t h e  t r i c e p s  m u s c l e  i n c r e a s e d ,  w h i l e  i t s  
r e s i s t a n c e  d e c r e a s e d  c o m p a r e d  t o  t h e  c o n t r o l  n o n - t r e a t e d  
g r o u p .  O n  t h e  l i g a t e d  s ide ,  t h e s e  c h a n g e s  we re  o p p o s i t e  in  
d i r e c t i o n .  T h u s ,  t h e  r a t i o  of  b l o o d  f l ows  o n  t h e  2 s ides  
d e c r e a s e d  a n d  t h a t  for  t h e i r  r e s i s t a n c e s  i n c r e a s e d  d e p e n d -  
i n g  o n  t h e  dose .  
I n  o u r  e x p e r i m e n t s  t i le  r e l a t i o n s h i p  b e t w e e n  t h e  l i g a t e d  
a n d  c o n t r o l  s i de s  fo r  n u t r i t i v e  b l o o d  f l ow  a n d  r e s i s t a n c e  
d id  n o t  c h a n g e  f o l l o w i n g  a d m i n i s t r a t i o n  of  v a s o c o n s t r i c -  
t o r  a g e n t s .  T h u s ,  t h e  ' r e l a t i v e '  s e n s i t i v i t y  of  n u t r i t i v e  
c o l l a t e r a l s  in  t h e  m u s c l e  t o  v a s o c o n s t r i c t o r  a g e n t s  c a n  be  

r e g a r d e d  as  s i m i l a r  t o  t h a t  of  t h e  c o n t r a l a t e r a l ,  n o n -  
l i g a t e d  s ide .  O n  t h e  c o n t r a r y ,  i s o l e v i n e  c a u s e d  d i l a t a t i o n  
of  t h e  m u s c l e  v e s s e l s  o n  t h e  c o n t r o l  s ide  w h i l e  o n  t i l e  
l i g a t e d  s ide  - p r o b a b l y  d u e  to  a d e c r e a s e  in  p e r f u s i o n  
p r e s s u r e  - i t  r e s u l t e d  i n  a d e c r e a s e  in  b l o o d  f low a n d  a n  
i n c r e a s e  in  r e s i s t a n c e .  I n  r e s p e c t  o f  t o t a l  b l o o d  f low,  t h e r e  
a r e  p u b l i s h e d  d a t a  r e p o r t i n g  d e c r e a s e d  s e n s i t i v i t y  of  
m u s c l e  c o l l a t e r a l  v e s s e l s  t o  v a s o d i l a t i n g  a g e n t s  4. S i m i l a r  
o b s e r v a t i o n s  w e r e  m a d e  fo r  c a r d i a c  m u s c l e  5. O n  t h e  b a s i s  
o f  o u r  e x p e r i m e n t s ,  i t  Call b e  s t a t e d  t h a t  t h e  d e c r e a s e d  
r e a c t i v i t y  is  v a l i d  fo r  t h e  n u t r i t i v e  c o l l a t e r a l s  of  t i l e  
s t r i a t e d  m u s c l e  of  r a t s  as  wel l .  

4 J. Lambert ,  Archs int. Physiol. 69, 401 (1961).. 
5 A. Juh~sz-Nagy and G. Gr6sz, Experielltia 30, 270 (1974). 
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Summary. T h e  e f f ec t s  of  i .p.  i n j e c t i o n s  of  a m p h e t a m i n e  a n d  a p o m o r p h i n e  w e r e  d e t e r m i n e d  b e f o r e  a n d  a f t e r  u n i l a t e r a l  
l i g a t i o n  o f  t h e  c a r o t i d  a r t e r y  ill t h e  gerb i l .  S i g n i f i c a n t  i n c r e a s e s  in  t u r n i n g  b e h a v i o r  w e r e  o b s e r v e d  ill t h e  a b s e n c e  of  

i l e u r o h i s t o l o g i c a l  e v i d e n c e  of i n f a r c t i o n .  

D o p a m i n e r g i c  d r u g s  i n d u c e  t u r n i n g  b e h a v i o r  in  a n i m a l s  
t h a t  h a v e  b e e n  s u b j e c t e d  t o  u n i l a t e r a l  l e s i ons  o f  t h e  n i g r o -  
s t r i a t a l  s y s t e m  1. A m p h e t a m i n e  w h i c h  c a u s e s  t i l e  r e l e a se  
of  (DA) g i v e s  r i se  t o  t u r n i n g  t o w a r d s  t h e  l e s i o n e d  s ide  
( ips i l a te ra l )  a n d  a p o m o r p h i n e ,  a D A  r e c e p t o r  s t i m u l a n t ,  
i n d u c e s  t u r n i n g  a w a y  f r o m  t h e  l e s i on  ( c o n t r a l a t e r a l ) .  T h e  
a p o m o r p h i n e  e f f e c t  m a y  b e  d u e  t o  d e n e r v a t i o n  s u p e r s e n s i -  
t i v i t y  o f  D A  r e c e p t o r s  o n  t h e  l e s i o n e d  s ide  a n d  o n l y  
d e v e l o p s  a f t e r  a d e l a y .  T h e  ' in i t i a l  e f f e c t s  of  a p o m o r p h i n e ,  
l ike  a m p h e t a m i n e ,  c a u s e  i p s i l a t e r a l  t u r n i n g  d u e  t o  t h e  
m o r e  a c t i v e  d o p a m i n e r g i c  s y s t e m  ill t h e  u n l e s i o n e d  s ide .  
T h e s e  d r u g s  in  h i g h e r  d o s e s  a l so  p r o d u c e  t u r n i n g  b e h a v i o r  
in  s o m e  n o r m a l  a n i m a l s ,  i m p l y i n g  a n  i n h e r e n t  i m b a l a n c e  
in  D A  s y s t e m s  2. 

U n i q u e l y ,  in  t h e  c a s e  o f  t i l e  M o n g o l i a n  ge rb i l  (Mer ion es  
u n g u i c u l a t u s )  l i g a t i o n  of  t h e  c a r o t i d  a r t e r y  o n  o n e  s ide  
wi l l  u s u a l l y  i n d u c e  i s c h a e m i a  in  o n l y  t h a t  h e m i s p h e r e  a. 
T h i s  is  d u e  t o  t h e  a b s e n c e  o f  s i g n i f i c a n t  c o n n e c t i o n s  
b e t w e e n  t h e  b a s i l a r  a n d  c a r o t i d  c i r c u l a t i o n  in  t h i s  spec ies .  
U n i l a t e r a l  c a r o t i d  l i g a t i o n  is  f a t a l  in  a p r o p o r t i o n  o f  
ge rb i l s  b u t  a t  l e a s t  5 0 %  r e c o v e r  w i t h  n o  v i s i b l e  f u n c t i o n a l  
d e f i c i t  a n d  n o  h i s t o l o g i c a l  s i g n s  of  c e r e b r a l  i n f a r c t i o n  4. 
I n  o r d e r  t o  t e s t  t h e  r e s i d u a l  e f f e c t s  o f  t h i s  p r o c e d u r e  in  

1 V. Ungerstedt, Acta physiol, scand. Suppl. 367, 49 (1971). 
2 T . P .  Jerussi  and S. D. Glick, Neuropharmacology 13, 283 (1974). 
3 S. Levine and H. Payan, Exp. Neurol. 16, 255 (1966). 
4 K. Kahn, Neurology 22, 510 (1972). 


