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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). 
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these  a p p a r e n t l y  ' n o r m a l '  s u r v i v i n g  an imals ,  we gave  
i n t r a p e r i t o n e a l  in jec t ions  of a m p h e t a m i n e  a n d  apomor -  
p h i n e  a n d  m e a s u r e d  i nduced  t u r n i n g  behav io r .  
A d u l t  gerbi ls  (60-80 g) were sub j ec t ed  to  p e n t o b a r b i t a l  
a n e s t h e s i a  a n d  t he  lef t  c o m m o n  ca ro t id  was d issec ted  
a w a y  f rom the  v a g u s  n e r v e  and  ad jo in ing  b lood  vessels.  
The  a r t e r y  was  t h e n  e i t he r  p e r m a n e n t l y  l iga ted  or t e m p o -  
r a r i ly  c l amped  for 30 m i n  us ing  a su ture .  
I n  a p i lo t  s t u d y  20 an i m a l s  rece ived  p e r m a n e n t  uni -  
l a te ra l  l iga t ion  and  a f t e r  one week  t h e  15 su rv ivo r s  were 
t e s t ed  for  t u r n i n g  b e h a v i o r  to  a m p h e t a m i n e .  As c o m p a r e d  
to t h e  effects  of a m p h e t a m i n e  pr io r  to  su rge ry  t he re  was 
a s ign i f ican t  increase  in t u r n i n g  b e h a v i o r  t o w a r d s  t he  side 
of t he  l igat ion.  S u b s e q u e n t l y ,  t he  effects  of saline,  am-  
p h e t a m i n e ,  a n d  a p o m o r p h i n e  were c o m p a r e d  before  a n d  
i or 8 weeks a f t e r  a 30 m i n  un i l a t e r a l  ca ro t id  c lamp.  T u r n s  
in  b o t h  d i rec t ions  were m e a s u r e d  separa te ly .  W i t h  r ega rd  
to t h e  side of t h e  su rge ry  ips i la te ra l  t u r n s  were des igna t ed  
pos i t ive  and  c o n t r a l a t e r a l  t u r n s  were d e s i g n a t e d  nega t ive .  
N e t  t u r n s  refer  to  t he  a r i t h m e t i c  s um  of these  2 values.  
W h e r e  t o t a l  t u r n s  are  ana lyzed  b o t h  these  n u m b e r s  are 
s igned  pos i t ive  a n d  added.  Large  increases  in  t u r n i n g  
b e h a v i o r  a f t e r  a m p h e t a m i n e  in j ec t ion  were aga in  ob-  
se rved  in these  an im a l s  ( table).  T he  use of n e t  t u r n s  in t he  
d a t a  ana lys i s  impl ies  t h a t  an i m a l s  shou ld  t u r n  cons i s t en t l y  
t o w a r d s  t h e  s t roked  side in t h e  case of a m p h e t a m i n e  a n d  
a w a y  f rom t h e  s t roked  side in t h e  case of a p o m o r p h i n e .  
A l t h o u g h  t he  overa l l  effects  are  s ign i f ican t  i t  shou ld  be  
po in t ed  o u t  t h a t  some an i m a l s  do n o t  increase  t u r n i n g  
b e h a v i o r  to  a m p h e t a m i n e  a f t e r  t h e  ca ro t id  c l amp  a n d  
some an ima l s  are i nduced  to  t u r n  in t h e  c o n t r a l a t e r a l  
d i rec t ion ,  t h u s  s u b t r a c t i n g  f rom t he  s ignif icance of ipsila-  
t e ra l  or  ne t  t u r n i n g  for  t h e  group.  I n  t h i s  s t u d y  55% of 

Mean difference scores for postoperative 
minus preoperative turns per rain 
Saline Amphet- Apo- 

amine morphine N 

1 week postoperative 
net turns -0.03 +1.16" +0.4 16 
1 week postoperative 
total turns 0.24 1.13" 0.78 16 
8 weeks postoperative 
net turns +0.09 +1.64" -0.21 12 
8 weeks postoperative 
total turns 0.24 1.25" 1.9" 12 

Effect of (+)-amphetamine (5.0 mg/kg) and apomorphine (2 mg/kg) 
before and after a 30 min unilateral carotid clamp. Turning was 
measured for 1 min periods at 40 and 50 min after inieetion and 
averaged. Drugs were administered in 0.1 ml saline/20 g b.wt. lpsi- 
lateral turns were designated as positive (+) and contralateral turns 
were designated as negative (-). 
*Significant at p <0.05 using a paired t-test. N > 12 for all groups. 

all  an ima l s  showed  increased  ips i la te ra l  t u r n i n g  to am-  
p h e t a m i n e  a f t e r  ca ro t id  c lamp.  H o w e v e r  a n  a d d i t i o n a l  
4 %  of c l amped  an ima l s  r e sponded  to  a m p h e t a m i n e  b y  
t u r n i n g  cons i s t en t l y  in t h e  c o n t r a l a t e r a l  d i rect ion.  There -  
fore t o t a l  t u r n s  s u m m e d  i r respec t ive  of d i r ec t ion  were 
also sub j ec t ed  to  ana lys i s  as, a priori ,  t h e  d rug  induced  
d i rec t ion  of t u r n i n g  m a y  n o t  be  p r ed i c t ed  w i t h o u t  a 
knowledge  of t he  s i te  of a n y  i schaemic  damage .  Apomor -  
p h i n e  p roduced  no  s ign i f ican t  effect  a t  1 week  b u t  was  
s ign i f i can t  a t  8 weeks w h e n  t o t a l  t u r n s  are considered.  
I n  t h e  case of a p o m o r p h i n e  in jec t ions  26% d e m o n s t r a t e d  
increased  c o n t r a l a t e r a l  t u r n s  a f te r  8 weeks  b u t  t h e  g roup  
effect  was  s ign i f i can t  on ly  where  c o m p u t e d  as t o t a l  t u r n s  
i r respec t ive  of d i rect ion.  The  b ra ins  of 17 gerbi ls  f rom 
t h e  c o m b i n e d  su rv ivo r s  were p r e p a r e d  for  h is to logica l  
e x a m i n a t i o n  a t  t he  end  of t he  e x p e r i m e n t a l  reg imen.  
These  gerbi ls  were se lected f rom t h e  a n i m a l s  who  were  
m o s t  sens i t ive  to  t he  effects  of a m p h e t a m i n e  as j u d g e d  
b y  t u r n i n g  behav io r .  Nissl  s t a ins  of corona l  sec t ions  were 
e x a m i n e d  for ev idence  of swell ing a n d  in fa rc t ion .  As ha s  
been  p rev ious ly  r epo r t ed  ~ no i schaemic  lesions were 
e v i d e n t  in  a n y  of t h e  su rv ivo r s  as revea led  b y  t he  l igh t  
microscope.  
I t  would  a p p e a r  t h e n  t h a t  gerbi ls  t h a t  recover  f rom th i s  
p rocedure  are n o t  n o r m a l  b u t  are m a r k e d l y  af fec ted  b y  
a m p h e t a m i n e ,  caus ing  t u r n i n g  behav io r .  Therefore ,  i t  
m a y  be  a s sumed  t h a t  a m p h e t a m i n e  now has  a d i f fe ren t i a l  
ac t ion  on  b o t h  sides of t he  b r a i n  wh ich  was n o t  obse rved  
pr io r  to  t h e  ca ro t id  c lamp.  I t  is possible  t h a t  some 
n e u r o c h e m i c a l  or e n z y m a t i c  d i s t u r b a n c e  is i nduced  b y  
t h e  c l amp  on t h e  ips i la te ra l  side t h u s  in t e r f e r ing  w i t h  
t he  ab i l i ty  of a m p h e t a m i n e  to  ac t  on  t h i s  ha l f  of t h e  
b ra in .  Since t h e  i n i t i a t i o n  of our  own  s tud ies  a r e p o r t  
ha s  a p p e a r e d  sugges t ing  t h a t  in  t he  Mongol i an  gerbi l  D A  
levels b u t  n o t  n o r e p i n e p h r i n e  levels are m a r k e d l y  r educed  
in t h e  ips i l a te ra l  h e m i s p h e r e  a f t e r  ca ro t id  l iga t ion  5. As 
one of t he  m a j o r  effects  of a m p h e t a m i n e  in b r a i n  is to  
increase  ava i l ab le  d o p a m i n e  in t h e  s y n a p t i c  reg ion  t h e n  
i t  is poss ible  t h a t  t he  t u r n i n g  b e h a v i o r  w h i c h  we h a v e  
obse rved  is due  to  t he  u n a v a i l a b i l i t y  of d o p a m i n e  for 
re lease on  t h e  les ioned side. These  s tud ies  sugges t  t h a t  
a l t h o u g h  a ce r t a in  p r o p o r t i o n  of gerbi ls  recover  f rom 
u n i l a t e r a l  l iga t ion  w i t h  no  vis ible  defici t ,  e i the r  b e h a v i o r a l  
or  his tological ,  a n  u n d e r l y i n g  p a t h o l o g y  m a y  be  r evea led  
b y  t h e  a d m i n i s t r a t i o n  of a m p h e t a m i n e  w h i c h  induces  
t u r n i n g  behav io r .  Th i s  t e s t  w h i c h  a p p a r e n t l y  ampli f ies  
an  i n h e r e n t  i m b a l a n c e  in b r a i n  func t i on  will p rov ide  a 
sens i t ive  m e t h o d  b y  w h i c h  to cor re la te  t he  f u n c t i o n a l  
aspec ts  of i s chaemia  w i t h  t h e  u n d e r l y i n g  n e u r o c h e m i c a l  
a l t e r a t ion .  

5 N.T. Zervas and R. J. Wurtman, Nature 247, 283 (1974). 
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Summary. The  effect  of p e n t o b a r b i t a l  was  s tud ied  in  a mixed  p o p u l a t i o n  of n e r v e  a n d  glial  cells d i ssoc ia ted  f rom b r a i n s  
of 7 -day  ch ick  e m b r y o s  a n d  m a i n t a i n e d  in cul ture .  P e n t o b a r b i t a l - N a  was a d d e d  in  va r ious  c o n c e n t r a t i o n s  r a n g i n g  f rom 
5 • 10 -5 M to  1 • 10 -3 M. T he  n e u r o n a l  d e n s i t y  was m o n i t o r e d  b y  c o u n t i n g  of neurons ,  n e u r o n a l  i d e n t i t y  was e s t ab l i shed  
b y  s t a i n i n g  for Nissl  Bodies  a n d  ace ty lcho l ines te rase .  Over  a cu l tu re  per iod  of 3 weeks, i t  was  found  t h a t  t h e  b a r b i t u r a t e  
exe r t s  a p r e f e r en t i a l  d o s e - d e p e n d e n t  cy to tox i c  effect  on  neurons .  

Chronic  a d m i n i s t r a t i o n  of a b a r b i t u r a t e  to  n e w b o r n  r a t s  1 The expert technical assistance of Miss A. Wolf is appreciated. 
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