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Renal denervat ion delays  blood pressure  increase  in the spontaneous ly  hypertens ive  rat 
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Summary.  B i l a t e r a l  s u r g i c a l  a n d  c h e m i c a l  d e n e r v a t i o n  of  t h e  k i d n e y s  in  s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t s ,  p e r f o r m e d  
5 w e e k s  a f t e r  b i r t h ,  d e l a y e d  b l o o d  p r e s s u r e  i n c r e a s e  b y  2 - 3  w e e k s  w i t h o u t  a f f e c t i n g  t h e  r a t e  o f  d e v e l o p m e n t  o r  t h e  
f i na l  l eve l  of  h y p e r t e n s i o n .  

T h e  m e c h a n i s m s  l e a d i n g  t o  h i g h  b l o o d  p r e s s u r e  in  t h e  
s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t  ( S H R )  of  t h e  O k a m o t o  
s t r a i n 3  a r e  n o t  y e t  f u l l y  u n d e r s t o o d .  T h e r e  are ,  h o w e v e r ,  
s e v e r a l  i n d i c a t i o n s  t h a t  n e u r o g e n i c  f a c t o r s  a r e  i n v o l v e d ,  
a t  l e a s t  d u r i n g  t h e  e a r l y  s t a g e s  of  h y p e r t e n s i o n  ~-11, 
a l t h o u g h  c o n t r a d i c t o r y  e v i d e n c e  h a s  b e e n  p u b l i s h e d  13-15. 
O n  t h e  o t h e r  h a n d ,  a s y s t e m s  a n a l y s i s  of  a r t e r i a l  
p r e s s u r e  r e g u l a t i o n  h a s  l ed  to  t h e  c o n c l u s i o n  t h a t  t h e  
k i d n e y s  a re  a l m o s t  i n v a r i a b l y  i n v o l v e d  in  h y p e r t e n s i o n  16. 
I t  h a s  b e e n  s h o w n  r e p e a t e d l y  t h a t  r e n a l  n e r v e s  i n f l u e n c e  
s o d i u m  a n d  w a t e r  e x c r e t i o n  b y  t h e  k i d n e y  i n  a c u t e  
e x p e r i m e n t s  1~-10, a l t h o u g h  t h e i r  e f f e c t  in  t h e  l o n g - t e r m  
r e g u l a t i o n  o f  s a l t  a n d  w a t e r  b a l a n c e  h a s  b e e n  c o n s i d e r e d  
neg l i g ib l e  20, 11. T h u s ,  a s  p o i n t e d  o u t  b y  C o l e m a n  e t  al. 12, 
s p o n t a n e o u s  h y p e r t e n s i o n  m i g h t  r e s u l t  f r o m  i n c r e a s e d  
s y m p a t h e t i c  i n f l u e n c e s  o n  t h e  k i d n e y .  I t  w a s  t h e r e f o r e  
of  i n t e r e s t  to  s t u d y  t h e  e f f ec t  of  r e n a l  d e n e r v a t i o n  o n  t h e  
d e v e l o p m e n t  of  h i g h  b l o o d  p r e s s u r e  in  S H R .  
Methods. M a l e  s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t s  f r o m  t h e  
O k a m o t o  s t r a i n ,  k e p t  in  o u r  l a b o r a t o r y  for  m o r e  t h a n  30 
g e n e r a t i o n s ,  we re  u s e d  for  t h e s e  e x p e r i m e n t s .  A t  t h e  age  
of  a p p r o x i m a t e l y  5 w e e k s ,  t h e y  we re  d i v i d e d  i n t o  3 g r o u p s  
a n d  t r e a t e d  as  fo l lows.  G r o u p  I (n = 11) w a s  s u b j e c t e d  
to  b i l a t e r a l  r e n a l  d e n e r v a t i o n  f r o m  a m i d l i n e  a b d o m i n a l  
i nc i s i on  u n d e r  e t h e r  a n e s t h e s i a ;  t h e  d e n e r v a t i o n  w a s  

1 Requests for reprints: J.-F. L., Clinique NCphrologique, H6pital 
Necker, 161, rue de S~vres, 75730 Paris Cedex 15, France. 

2 Acknowledgments. Dr J. Altman, INSERM, U 25, Paris, France, 
provided the spontaneously hypertensive rats. The technical 
assistance of Miss L. Vigui6 is gratefully acknowledged. 

3 K. Okamoto and K. Aoki, Jap. Circul. J. 27, 282 (1963). 
4 K. Okamoto, S. Nosaka, Y. Yamori and M. Matsumoto, Jap. 

Heart  J. 8, 168 (1967). 
5 K. Okamoto, Int. Rev. exp. Path. 7, 227 (1969). 
6 B. Folkow, M. Hallb~iek, Y. Lundgren and L. Weiss, Acta 

physiol, scand. 84, 512 (1972). 
7 J. Iriuchijima, Jap. Heart  J. 14, 350 (1973). 
8 T. Nagatsu, T. Kato, Y. Numatsa,  K. Ikuta, H. Umezawa, 

M. Matsuzaki and T. Takeuchi, Nature 251, 630 (1974). 
9 H. Vapaatalo, R. Hackman,  P. Anttila, V. Vainionpfifi and 

P. J. Neuvonen, Naunyn-Schmiedebergs Arch. Pharmak. 284, 
1 (1974). 

10 Y. Yamori, Jap. Heart J. 15, 194 (1974). 
11 Y. Yanlori, T. Nakada and W. Lovenberg, Eur. J. Pharmac. 38, 

349 (1974). 
12 W.V.  Judy,  A. M. Watanabe,  D. P. Henry, H. R. Besch, W. R. 

Murphy and G. M. Hockel, Cireul. Res. 38, suppl. II, 21 (1976). 
13 A. Sjoerdslna, in: Spontaneous hypertension, p. 27. Ed. K. 

Okamoto. Igahu Shoin Ltd, Tokyo 1972. 
14 M. Kazao, Jap. Circul. J.  37, 609 (1973). 
15 L . T .  Lais, R. A. Shaffer and M. J. Brody, Circul. Res. 35, 764 

(1974). 
16 A.C. Guyton, T. G. Coleman, A. W. Cowley, K. W. Seheel, R. D. 

Manning and R. A. Norman, Am. J. Med. 52, 584 (1972). 
17 W . D .  Blake and A. N. Jurf, J. Physiol., Lond. 796, 65 (1968). 
18 P. Bencsath, J. P. Bonvalet and C. de Rouffignae, in: Recent 

advances in renal physiology, p. 96. Ed. H. Wirz and F. Spinelli. 
S. Karger AG, Basel 1972. 

19 E. Bello-Reuss, R. E. Colindres, E. Pastorza-Munoz, R. A. 
Mueller and C. W. Gottschalk, J. Clin. Invest. 56, 208 (1975). 

20 R .M.  Berne, Am. J. Physiol. 171, 148 (1952). 
21 N .S .  Bricker, R. A. Straffon, E. P. Mahoney and J. P. Merrill, 

J. Clin. Invest. 37, 185 (1958). 
22 T . G .  Coleman, R. D. Manning, R. A. Norman and J. DeClue, 

Am. Heart  J. 89, 94 (1975). 

Development of hypertension in 
SH rats after renal denervation 
performed 5 weeks after birth 
compared with non denervated 
rats (sham denervated, n = 8, and 
non operated, n = 5, combined). 
An asterisk at the bot tom of the 
figure indicates a significant dif- 
ference between the 2 groups at 
the corresponding time. 
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pe r fo rmed  b y  s t r i pp ing  b o t h  rena l  a r te r ies  a n d  ve ins  of 
t h e i r  a d v e n t i t i a  and  coa t ing  t h e m  w i t h  a so lu t ion  of 10% 
p h e n o l  in abso lu te  a lcohol  for 5 min.  S imi la r  p rocedures  
h a v e  been  shown  to reduce  k i d n e y  n o r e p i n e p h r i n e  to  
u n d e t e c t a b l e  levels as m e a s u r e d  a f t e r  3-6  days  18 or 2 
weeks  .3. G r o u p  I I  (n = 8) was  sub jec t ed  to  a s h a m  
dene rva t i on ,  accompl i shed  b y  expos ing  t he  r ena l  vessels 
a n d  a p p l y i n g  an  isotonic  sal ine so lu t ion  in s t ead  of phenol .  
Group  I I I  ( n = 5 )  was lef t  u n t o u c h e d .  
Ar t e r i a l  p ressure  a n d  b o d y  w e i g h t  were m e a s u r e d  a t  
week ly  i n t e rva l s  s t a r t i n g  1 week  a f t e r  surgery ,  f rom 6 
un t i l  17 weeks  of age. Blood pressure  was m e a s u r e d  b y  
ta i l  p l e t h y s m o g r a p h y  in t he  awake,  p r e h e a t e d  r a t  ~4. A t  
t he  end  of t h e  expe r imen t ,  t h e  r a t s  were a n e s t h e t i z e d  w i t h  
p e n t o b a r b i t a l ,  40 mg/kg,  a n d  t he  m e a n  a r t e r i a l  pressure  
m e a s u r e d  f rom a c a n n u l a t e d  ca ro t id  a r t e ry .  T he  an ima l s  
were t h e n  sacr if iced a n d  t h e  r i gh t  k idneys  excised and  
weighed.  Resu l t s  are g iven  as m e a n s  ~: SE.  S ta t i s t i ca l  
compar i sons  were m a d e  us ing  S t u d e n t ' s  t - tes t ,  and  dif-  
ferences cons idered  s ign i f ican t  for a p -va lue  less t h a n  0.05. 
Results and discussion. T he  f igure i l lus t ra tes  t he  effect  of 
b i l a t e ra l  r ena l  d e n e r v a t i o n  pe r fo rmed  5 weeks  a f t e r  b i r t h  
on  t h e  d e v e l o p m e n t  of h i g h  b lood  pressure  in  S H  rats .  
Since t he re  were no s ign i f ican t  differences  b e t w e e n  s h a m -  
d e n e r v a t e d  a n d  n o n - o p e r a t e d  r a t s  (groups I I  a n d  I I I ) ,  
these  2 groups  h a v e  been  c o m b i n e d  a n d  t h e i r  a r t e r i a l  
p ressure  c o m p a r e d  w i t h  t h a t  of t he  d e n e r v a t e d  r a t s  
(group I). A s ign i f ican t  difference ex is ted  b e t w e e n  dener-  
v a t e d  a n d  n o n - d e n e r v a t e d  r a t s  f rom week  8 u n t i l  week  
13, t he  d e n e r v a t e d  r a t s  h a v i n g  on  t he  ave rage  a p ressure  
30 m m  Hg below t h a t  of t he  n o n - d e n e r v a t e d  an imals .  
F r o m  week  14 un t i l  t h e  end  of t he  e x p e r i m e n t ,  t h e  pres-  
sures  were s imi la r  in t he  2 groups.  Di rec t  m e a s u r e m e n t  of 
m e a n  a r t e r i a l  pressure  a t  17 weeks  conf i rmed  t h e  absence  
of a s ign i f i can t  d i f ference in b lood pressure  b e t w e e n  
d e n e r v a t e d  a n d  non  d e n e r v a t e d  rats .  
The  f igure also shows t h a t  b e t w e e n  week  6 a n d  week  9 
t he re  was  no  s ign i f ican t  increase  in b lood  pressure  in  t he  
d e n e r v a t e d  ra ts ,  whereas  a s ign i f ican t  increase  d id  occur  
in  t h e  n o n - d e n e r v a t e d  an imals .  On t he  o t h e r  h a n d ,  a 
s t ab le  level  of h y p e r t e n s i o n  was ach ieved  a t  week 12 
in the  n o n - d e n e r v a t e d  rats ,  b u t  on ly  a t  week 14 in  t h e  

d e n e r v a t e d  group.  Thus ,  h y p e r t e n s i o n  was de layed  b y  
2-3 weeks a f t e r  r ena l  d e n e r v a t i o n ,  b u t  n e i t h e r  i ts  r a t e  
of d e v e l o p m e n t  no r  i ts  f inal  level  appea red  modi f ied  b y  
t h a t  procedure .  

B o d y  we igh t  (b.w.) a t  t he  t i m e  of t he  d e n e r v a t i o n  was 
68.2 • 2.1 g (group I ) ;  in  g roup  I I  a n d  in g roup  I I I  a t  t he  
same  age, b.w. was  69.2 :k 2.8 a n d  67.5 : k 2 . 4  g respec- 
t ively .  G r o w t h  r a t e  was  s ign i f i can t ly  r educed  in groups  I 
and  I I  c o m p a r e d  to  g roup  I I I ,  especia l ly  d u r i n g  the  f i rs t  
few weeks fol lowing surgery.  A t  week  10, b.w. was  163.3 :t: 
8.0 g in  g roup  I, 174.4 -4- 7.5 g in  g roup  I I  a n d  215.6 :k 
5.5 g in  g roup  I I I ,  a va lue  s ign i f i can t ly  g rea te r  t h a n  t h a t  
of g roups  I and  I I .  A t  t he  end  of t he  expe r imen t ,  b.w. 
was 294.2 :k 7.1 g in  g roup  I I I ,  a va lue  sti l l  g rea te r  
( a l though  n o t  s ign i f i can t ly  so) t h a n  t h a t  measu red  in 
g roup  I (262.0 • 11.7 g) or in g roup  I I  (275.9 4- 6.0 g). 
As can  be n o t e d  f rom these  values,  b.w. gain  appea red  also 
g rea te r  in  g roup  I I  t h a n  in g roup  I, especia l ly  du r ing  t he  
ear ly  per iod,  a l t h o u g h  a t  no  t i m e  were the  differences  
s ignif icant .  The  w e i g h t  of the  r i g h t  k i d n e y  a t  t he  t ime  of 
sacrifice was no t  s ign i f i can t ly  af fec ted  b y  d e n e r v a t i o n  
(0.895 • 0.041 g in g roup  I vs  0.901 ~: 0.030 g in g roup  
II) .  
These  e x p e r i m e n t s  ind ica te  t h a t  b i l a t e ra l  r ena l  dener-  
v a t i o n  de lays  t he  d e v e l o p m e n t  of h igh  b lood pressure  in 
SH r a t s  b y  2-3 weeks. The  e x p e r i m e n t a l  des ign does no t  
p e r m i t  us to  answer  severa l  i m p o r t a n t  ques t ions  concern  
ing t he  comple teness  a n d  specif ic i ty  of rena l  dene rva t ion ,  
l ack  of sys temic  effects  of phenol ,  a n d  possible coinci- 
dence  of r e i n n e r v a t i o n  w i t h  t h e  a p p e a r a n c e  of h y p e r -  
tens ion .  Also, t he  s t u d y  does no t  p rov ide  a n y  e x p l a n a t i o n  
for t he  m e c h a n i s m s  w h i c h  m i g h t  l ink  rena l  ne rves  to  t he  
a p p e a r a n c e  of h y p e r t e n s i o n  in SH rats .  Desp i te  these  
obv ious  l imi ta t ions ,  t h e  p re sen t  e x p e r i m e n t s  m a y  ind ica te  
a n  i m p o r t a n t  r e l a t i onsh ip  be tween  s y m p a t h e t i c  ne rvous  
sys t em and  rena l  f unc t i on  in S H  ra t s  p e r t a i n i n g  to t h e  
h y p e r t e n s i v e  s ta te .  
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'Binding'  of  g lyc ine  and 7 - a r n i n o b u t y r i c  acid to  s y n a p t o s o m a l  f r a c t i o n s  of 6 r e g i o n s  of the f e l ine  
bra in  ; e f fects  o f  s t r y c h n i n e  1 
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Summary. G A B A  (6 • 10 -e M) b i nd i ng  to  s y n a p t o s o m e - e n r i c h e d  f r ac t ions  of c a t  CNS e x h i b i t e d  a c lear  ro s t ro -cauda l  
g rad ien t ,  whe reas  glycine  (6 • 10 -5 M) b i n d i n g  was  g r e a t e s t  to  par t ic les  of ce rebe l l a r  cor tex,  a n d  th i s  was followed b y  
m e d u l l a  ~ c a u d a t e  nuc leus  ~ ce rebra l  co r t ex  ~ P0ns  > co rona  rad ia ta .  S t r y c h n i n e - S O  4 (10 -8 or 10 -4 M) i n h i b i t e d  
t h e  b i n d i n g  of G A B A  a n d  glycine  in all  b r a i n  regions  s t ud i ed ;  a t  10 -5 M th i s  d rug  i n h i b i t e d  t h e  b i n d i n g  of b o t h  G A B A  
a n d  glycine on ly  to  pa r t i c les  of t he  ce rebra l  cor tex .  

7 - A m i n o b u t y r i c  acid (GABA) a n d  glycine m a y  be  in-  
h i b i t o r y  t r a n s m i t t e r s  of t he  m a m m a l i a n  CNS 2-4. Ion-  
t o p h o r e t i c  s tud ies  h a v e  revea led  t h a t  t h e  d e p r e s s a n t  
ac t ion  of G A B A  is more  p o t e n t  t h a n  t h a t  of glycine in 
h i g h e r  s t r u c t u r e s  of t h e  CNS (e. g., cerebe l la r  a n d  ce rebra l  
cortices) t h a n  on  lower  centers ,  b u t  t h a t  t he  ac t ion  of 
glycine e x h i b i t s  a reverse  t r e n d  3, 4, 5-8. Therefore ,  c en t r a l  
i n h i b i t o r y  m e c h a n i s m s  i nvo lv ing  these  amino  acids m i g h t  
e x h i b i t  r eg iona l  dependency .  R e c e n t  s tud ies  wh ich  h a v e  
s h o w n  t h a t  t he  ' b i n d i n g '  of G A B A  a n d  glycine  to  va r ious  

regions  of t he  CN S a p p e a r s  to  para l le l  t h e i r  i on tophore t i c  
potencies ,  s u p p o r t  t h i s  v iew 3, 8-13,18. I n  pa r t i cu la r ,  i t  h a s  
been  s h o w n  t h a t  a ' p r e fe ren t i a l  b i n d i n g '  of G A B A  and  
glycine exis ts  in  s y n a p t o s o m a l  f r ac t ions  of r a t  ce rebra l  
co r t ex  and  sp ina l  cord  10,11,18. O t h e r  s tudies  h a v e  p rov ided  
f u r t h e r  i n s igh t  in to  t h e  q u a n t i t a t i v e  re la t ionsh ips  which  
m i g h t  ex is t  b e t w e e n  t h e  d e p r e s s a n t  ac t ions  of these  
a m i n o  acids and  t h e  po tenc ies  of t h e i r  m e c h a n i s m s  of 
r e cep to r - i n t e r ac t i on  a n d  ' r e - u p t a k e  '14-13. The  p r e sen t  
s t u d y  was u n d e r t a k e n  to  c o m p a r e  t he  ' b ind ing '  of G A B A  


