
arachnoid injections in a dose of 300 pg, but in a dose of 600 ~g GABA had a powerful and prolonged analgesic 
action (Fig. 2). Sodium hydroxybutyrate,  a s t ruc tura l  analog of GABA in the same dose caused weaker  anal-  
gesia,  comparable  with the effect of morphine in a dose of 100 pg (Fig. 2). 

1. 
2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

L I T E R A T U R E  C I T E D  

I. I. Abramets, N. A. Kozlova, and I. V. Komissarov, Fiziol. Zh. SSSR, 67, 1160 (1981). 
B. V. Andreev, Yu. N. Vasil'ev, V. P. Kosinskii, etal., in: Neuropharmacological Aspects of Emotional 
Stress and Drug Dependence [in Russian], Leningrad (1978), p. 45. 
A. V. Val'dman and Yu. D. Ignatov, Central Mechanisms of Pain [in Russian], Leningrad (1976). 
Yu. D. Ignatov, Farmakol. Toksikol., No. 3, 407 (1973). 
A. S. Kucheruk, Farmakol. Toksikol., No. 2, 190 (1965). 
J. Davies and A. Dray, Br. J. Pharmacol., 58, ~58 (1976). 
B. T. Griersmithand A. W. Duggan, Brain Res., 187, 231 (1980). 
W. Krivoy, D. Kroeger ,  and E. Zimmermann,  Br.  J.  Pharmacol . ,  4__~7, 457 (1973). 
Y. Kuraishi,  Y. Harada, and H. Takagi, Brain Res. ,  174, 333 (1979). 
K. Samii, M. Chanvin, and P. Viars ,  Br .  J .  Anaesth., 5__33, 817 (1981). 
P. Wood, A. Rack_ham, and J.  Richard,  Life Sci., 2_~8, 2119 (1981). 
P. D. Wall, J .  Physiol .  (London), 180, 116 (1964). 

EFFECT OF RAUSEDIL AND PYRROXAN ON AUTOMATIC 

CONTROL OF THE CEREBRAL BLOOD FLOW 

M. D. Gaevyi and V. E. Pogorelyi UDC 615.225.2.015.4:612.824 

KEY WORDS: cerebra l  blood flow; automatic control;  rausedil;  pyrroxan.  

In essent ia l  hypertension the limits of automatic control react ions of the ce rebra l  vesse ls  are  known to be 
shifted toward higher a r te r ia l  p r e s su re  (AP) levels [12, 13]. Under these conditions a rapid fall of AP to the 
normal  level may lead to dis turbances of the ce rebra l  circulat ion.  

It was accordingly decided to study the effect of reserp ine  and pyrroxan on automatic control of the c e r e -  
bral blood flow. No corresponding information about these hypotensive agents could be found in the l i tera ture .  

E X P E R I M E N T A L  M E T H O D  

Acute exper iments  were ca r r i ed  out on 20 dogs of both sexes  weighing 8-12 kg. The use of general  anes -  
thetics was avoided because they may change the cha rac te r  of automatic control react ions (ACR) of the cerebra l  
vesse ls  [1, 8], and for  that reason  morphine (1 m g / k g  subcutaneously) was used fo r  general  analgesia and a 
0.25% solution of procaine was used for  local anesthesia,  and listhenon for  immobilization; ar t i f icial  ventilation 
of the lungs was ca r r i ed  out with monitoring of pH and blood gas composition on the AZIV-2 instrument .  The 
oxygen saturat ion of the a r te r ia l  blood was maintained at 96-98% and pH between 7.36 and 7.42. 

The cerebra l  blood flow (CBF) was r eco rded  continuously with an RK~-01 e lect romagnet ic  f lowmeter ,  the 
t r ansducer  of which was located on the ver tebra l  a r t e ry .  The general  AP was recorded  in the common carot id 
a r t e ry  by a me rcu r y  manometer ,  the venous p r e s s u r e  (VP) by a water  manomete r  in the cranial  segment  of 
the jugular  vein. The perfusion p r e s s u r e  (PP) in the main a r t e r i e s  of the brain was determined as the difference 
between AP and VP. 

Department  of Pharmacology,  Pya t igorsk  Pharmaceut ic  Institute. (Presented by Academician of the 
Academy of Medical Sciences of the USSR V. V. Zakusov.) Trans la ted  f r o m  Byulleten'  ]~ksperimentat 'noi Bio- 
logii i Meditsiny, Vol. 96, No. 7, pp. 56-59, July, 1983. Original ar t ic le  submitted October 16, 1982. 
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TABLE i. Changes in CBF, CVR (in % of 
initial values), and C during a Rise and Fall 
of A P  in C o n t r o l  E x p e r i m e n t s  (M • m) 

AP, 
rflrn 
~g 

200 

180 

160 

I40 

I20 

100 

80 

60 

40 

30 

CBF, 
ml/l O0 g/rnin 

7 +54,9• 15,9 
P<O,O1 

16 q-16,4• 
P<O,O01 

8 --8,8• 
P=0,05 

8 +8,3• 
P<0,05 

10 --3,2• 1,2. 
P<O,05 

18 --4,1• 
P<0,05 

15 --7,3• 
P<0,05 

II --8,0~=3,5 
P<O,05 

21 --22,8• 
P<O,O01 

7 --47,0• 
P< O,OO l 

CVR, mm Hg/ 
I00 g/min/ml 

--12,0• 
P~0,05 

@15,9• 
P<O,OI 

+20,1• 
P<0,001 

+24,8• 
P<0,01 

--I7,0• 
P<0,001 

--22,7• 
P<0,001 

--25,7+_2,1 
P<0,001 

--29,2• 
P<0,001 

--20,1• 
P<0,001 

@9,1+_16,4 
P>O,O5 

-0,15• 

~0,49• 

+0,83• 

+0,86• 

+0,92• 

@0,9i• 

+0,88=fi0,04 

@0,86_+0,07 

+0,35• 

--0,08• 

Legend .  H e r e  and in Table  2, b r o k e n  l ine  
i n d i c a t e s  i n i t i a l  s t a t e .  R e s u l t s  of t e s t s  to  
r i s e  of A P  shown above  th i s  l ine ,  to  f a l l  of 
A P  below it;  +) i n c r e a s e ,  - )  d e c r e a s e .  

Changes  in A P  w e r e  p r o d u c e d  by acu te  b l eed ing ,  by o r t h o s t a t i c  p r o c e d u r e s  [3, 7], o r  by the  m e t h o d  of 
d e c o m p o s i t i o n  (or  c o m p r e s s i o n )  of the  p o s t e r i o r  ha l f  of the  t r u n k  in a s p e c i a l  p r e s s u r e  c h a m b e r .  No d r u g s  
w e r e  u s e d  f o r  th i s  p u r p o s e ,  f o r  they  have  a d i r e c t  e f f ec t  on c e r e b r a l  v a s c u l a r  tone  [1, 2, 6, 11]. 

The  m o s t  conven i en t  m e t h o d  of p r o d u c i n g  d i f f e r e n t  l e v e l s  of A P  was  found to be by m e a n s  of the  s p e c i a l  
p r e s s u r e  c h a m b e r .  F o r  th i s  p u r p o s e  ha l f  of the  a n i m a l ' s  t r u n k  (up to  the l eve l  of the t h o r a c i c  cage)  was  p l a c e d  
in a r i g i d  c y l i n d r i c a l  c h a m b e r .  The  c h a m b e r  was  h e r m e t i c a l l y  s e a l e d  by m e a n s  of a r u b b e r  cuff,  f i r m l y  s e -  
c u r e d  a r o u n d  the edge  of the  c y l i n d e r  and  the  a n i m a l ' s  t r unk .  The h a i r  on the  a n i m a l ' s  body in the  r e g i o n  of c o n -  
t a c t  wi th  the  cuff  was  r e m o v e d  and the s k i n  s m e a r e d  wi th  p e t r o l a t u m .  In th i s  way  the a i r t i g h t  c l o s ing  of the  
c h a m b e r  was  r e l i a b l e  and d id  no t  i n t e r f e r e  wi th  a r t i f i c i a l  v e n t i l a t i o n  of the  l ungs .  The c h a m b e r  was  c o n n e c t e d  
by r u b b e r  t ubes  to  a c o m p r e s s o r  and  m e r c u r y  m a n o m e t e r ,  s o  tha t  the p r e s s u r e  in s ide  the  c h a m b e r  cou ld  be 
m o n i t o r e d .  

By r e g u l a t i n g  the n e g a t i v e  p r e s s u r e  in the  c h a m b e r  a g r a d u a l  f a l l  of A P  was  p r o d u c e d  to v e r y  low l e v e l s  
(30-20 m m  Hg), s o  t ha t  the  l o w e r  l i m i t s  of ACR of the  c e r e b r a l  b lood  f low cou ld  be d e t e r m i n e d .  A f t e r  c r e a t i o n  
of a n e g a t i v e  p r e s s u r e  in the  c h a m b e r  (10-30 m m  Hg) A P  r o s e  by 20-30  m m  Hg above  i t s  i n i t i a l  l e v e l .  A f u r -  
t h e r  i n c r e a s e  of p r e s s u r e  in  the  c h a m b e r  was  r a r e l y  a c c o m p a n i e d  by an i n c r e a s e  in  A P .  If the  p r e s s u r e  in  t he  
c h a m b e r  was  50 m m  Hg o r  above ,  d i s t u r b a n c e s  of r e s p i r a t i o n  w e r e  o b s e r v e d ,  A P  f e l l ,  bu t  V P  r o s e  c o n s i d e r a b l y .  
By u s i n g  a m o d e r a t e  i n c r e a s e  of p r e s s u r e  in  the  c h a m b e r  c o m b i n e d  wi th  o r t h e s t a t i c  p r o c e d u r e s ,  in s o m e  e x -  
p e r i m e n t s  a r i s e  of A P  by 40-60  m m  Hg could  be a c h i e v e d .  

The c h a r a c t e r  of ACR was  j udged  f r o m  changes  in C B F  and in the c e r e b r a l  v a s c u l a r  r e s i s t a n c e  (CVR). 
The c o n t r o l l a b i l i t y  of the  i n t r a c r a n i a l  c i r c u l a t o r y  s y s t e m  was  e s t i m a t e d  by m e a n s  of a c o n t r o l  coe f f i c i en t  (C) [8]. 
In each  e x p e r i m e n t  f r o m  5 to  10 t e s t s  w e r e  c a r r i e d  out  wi th  r a i s i n g  o r  l o w e r i n g  of AP.  At  the beginning  of the  
e x p e r i m e n t  c o n t r o l  t e s t s  w e r e  u n d e r t a k e n  (before  a d m i n i s t r a t i o n  of the  d rug ) .  

EXPERIMENTAL R E S U L T S  

The e x p e r i m e n t a l  r e s u l t s  a r e  s u m m a r i z e d  in T a b l e s  1 and 2 and F i g s .  1 and 2. In the  c o n t r o l  e x p e r i m e n t s  
the  o r i g i n a l  A P  l e v e l  was  135.0 • 4.8 m m  Hg, V P  was  147.7 • 9.9 m m  w a t e r ,  CBF was  80.0 • 4.5 m l / 1 0 0  g / m i n ,  
and  CVR was  1.76 • 0.09 m m  H g / 1 0 0  g / m i n / m l .  A f a l l  of A P  to  60 m m  Hg was  a c c o m p a n i e d  by a v e r y  s l i g h t  
f a l l  in C B F  and  a s u b s t a n t i a l  f a l l  in CVR. A f u r t h e r  fa l l  in A P  f r o m  60 to 30 m m  Hg was  a c c o m p a n i e d  by a 
c o n s i d e r a b l e  d e c r e a s e  in C B F ,  i . e . ,  f a i l u r e  of A C R  took  p l a c e  (the~value of C c a m e  c l o s e  to  z e r o ) .  Wi th  an  i n -  
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TABLE 2. Changes  in CBF,  CVR (in % of 
in i t i a l  va lue) ,  and C dur ing  a R i se  and Fa l l  
of BP a f t e r  A d m i n i s t r a t i o n  of Raused i l  and 
P y r r o x a n  (iV[ 4- m) 

~'~ 1!![ C,F. CVR. mm Hg/ 
mlFI00 g/min 100 g/min/ml C 

i80 
160 
140 
120 
100 
80 
60 
40 
30 

120 
100 
80 
60 
40 
30 

3 
4 
7 
8 

12 
12 
10 
14 
8 

8 
7 
5 

After rausedil 

-I-30,3+-3,2 
471 ,O-+ 1,2" 
-]-1,3+-4,7" 
-}-1,1-+4,6" 
--1,1-+1,5" 

--20,3-+6,6 
--26,7~ 5,4 
--38,3+-3,5 
--28,6+--6.8 

@I2,3-+2,0 -{-30,3_+t2,8 -i-36,9+- 10,3 -I-18,0-+6,6 
--15,3-+2,5 
@1,9_+9,0" 
--2,8-+6,4" 
--2,4+-5,6" 

--23,1• 

After pyrroxan 

-}- 12,3-+2,5 @17,7-+5,0 
+6,2-+3,6* +32,1+--5,8 
--3,5-+3,5" --15,3+-1,7 

--16,0-+4,3 --26,6-+3,7 
--16,0-+4,9 --35,7+-7,7 
--15,8-+3,6 --42,0+-6,5 

@0,34~0,03 
0,92_+0,08 

%0,94--+0,05 
~-0,94-+0,27 
@1,00-+0,06 
+0,25-+0,23* 
-}-0,12• 
--0,06-+0,10" 
+0,44-+0,13 

-~0,57+-0,08 
@0,92-+0,06 
T0,91+-0,13 
+0,62_+_0,11 
+0,67--+0,08 
"t-0,74-+0,04 

+60 
~ 

+qO 
~ *20 

o > 
oN O 

.~ ~ - 2 0  
~ '~  

"~ -4,0 

*Di f f e r ence  not s ignif icant  

I 

l I 1 L L L i i i i _ _  

20 ~0 60 80 lO0 120 1~0160 180 200 

General arteriai pressure in mm Hg 

Fig .  1. T i m e  c o u r s e  of changes  in  CBF fo r  d i f -  
f e r e n t  l eve l s  of P P .  1) Con t ro l ,  2) p r e l i m i n a r y  
r e s e r p i n i z a t i o n  in a dose of 1 m ~ / k g ,  s u b c u t a n e -  
OU S ly. 

(P > 0.05). 

, 4  

O 

+60 

*20 

u ~ - 2 0  

o.~ 

C~o,..l 
~ ,  - 6 0  
ODe 

O 

1 

i ~ L i i , , ~ 1 i 

20 ~0 60 80 700 1201~0160 180 200 

General arterial pressure in mm Hg 

Fig. 2. Time course of changes in CBF for dif- 

ferent levels of BP. i) Control, 2) intravenous 

i n j ec t i on  of p y r r o x a n  in  a dose of 0.5 m g / k g .  

c r e a s e  in  AP to 160 m m  Hg f r o m  i ts  in i t i a l  l eve l  CBF in  m o s t  t e s t s  was  unchanged  but  in  t h ree  c a se s  i t  i n -  
c r e a s e d  a l i t t l e .  A f u r ~ e r  r i s e  of AP to 180 m m  Hg or  above was  a c c o m p a n i e d  by a c o n s i d e r a b l e  i n c r e a s e  in 
CBF.  Unde r  our  e x p e r i m e n t a l  cond i t ions ,  the a u t oma t i c  con t ro l  m e c h a n i s m s  of the c e r e b r a l  v e s s e l s  thus r e -  
m a i n e d  capab le  of m a i n t a i n i n g  a c o m p a r a t i v e l y  s tab le  blood flow dur ing  changes  in AP wi th in  60 and 70 m m  Hg. 
A fa l l  of AP below 60 m m  Hg or  a r i s e  above 170 m m  Itg was  a c c o m p a n i e d  by p a s s i v e  changes  in  CBF,  or  in  
o ther  w o r d s ,  by f a i l u r e  of ACR. 

C o n s i d e r i n g  the def in i te  t i m e  cou r se  of deve lopmen t  of the sympa tho ly t i c  effect  of r e s e r p i n e  [10], ACR 
was i n v e s t i g a t e d  12 h a f t e r  i n j ec t i on  of r a u s e d i l  (1 m g / k g ,  subcu t aneous ly ) .  By th is  t ime  the AP leve l  was 
108.0 4- 6.0 m m  Hg, VP was 156.0 4- 17 m m  wa te r ,  CBF was 84 4- 7.0 m l / 1 0 0  g / m i n ,  and CVR was 1.31 4- 0.88 
m m  H g / 1 0 0  g / m i n / m l .  These  va lues  w e r e  t aken  as the in i t i a l  va lues  for  i n v e s t i g a t i o n  of ACR in this  s e r i e s  
of e x p e r i m e n t s .  

It wi l l  be c l e a r  f r o m  Tab le  2 and F ig .  1 tha t  a fa l l  of AP in  r e s e r p i n i z e d  a n i m a l s  f r o m  i ts  in i t i a l  l eve l  to 
90 m m  ttg was  a c c o m p a n i e d  by def ini te  ACR (C = 1). With  a f u r t h e r  dec l ine  in  AP,  p a s s i v e  dependence  of CBF 
on AP was obse rved ,  i .e . ,  f a i l u r e  of ACR (C c lose  to 0). Wi th  a r i s e  of AP f r o m  i ts  in i t i a l  level  to 160 m m  Hg, 
a good ACR was o b s e r v e d  (C c lose  to 1). A f u r t h e r  r i s e  m AP to 180 m m  Hg was a c c o m p a n i e d  by c o n s i d e r a b l e  
weaken ing  of ACR. 

In the e x p e r i m e n t s  wi th  p y r r o x a n  ACR was  i n v e s t i g a t e d  60-90 rain a f t e r  i n j e c t i on  of the drug (0.5 m g / k g  
i n t r a v e n o u s l y ) .  By this  t i m e  A P  was 87.5 4- 4.1 m m  ttg, VP 136.9 • 7.4 m m  Hg, CBF 79.0 4- 13.7 m l / 1 0 0 g / m i n ,  
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and CVR 1.41 • 0.32 m m  Hg/100  g / m i n / m l .  These values were  taken as the initial level  fo r  the study of ACR. 
A fall  of AP under  these  conditions to 40-30 m m  Hg was accompanied  by sa t i s f ac to ry  ACR. A r i se  of AP f r o m  
its initial  level  to 100 m m  Hg was accompanied  by good ACR (C close to 1). With a fu r the r  r i s e  of BP to 120 
m m  Hg, weakening of ACR was observed.  AP could not be r a i s ed  to higher  levels  a f t e r  adminis t ra t ion  of 
pyr roxan ,  except in a few cases  in which definite fa i lure  of ACR was obse rved  when AP rose  above 120 m m  Hg. 

Rausedil  thus weakens ACR to a fal i  of AP cons iderably  without causing any signif icant  changes in this 
r e sponse  when AP r i s e s .  Py r roxan ,  on the other  hand, cons iderably  weakened ACR when AP was ra i sed ,  w h e r e -  
as with a fall in AP, ACR improved  apprec iab ly .  Analysis  of the resu l t s  shows a definite role  of the s y m -  
pa th icoadrenal  s y s t e m  in the m e c h a n i s m  of the ACR, conf i rming previous  data obtained by the p r e sen t  w r i t e r s  
and others  [4, 5]. Dif ferences  found in the action of rausedi l  and py r roxan  on ACR can be explained by the t ime  
course  of development  of the sympatholyt ic  effect  which is cha r ac t e r i s t i c  of rausedi I ,  whereas  py r roxan  has a 
d i rec t  a -adrenob lock ing  action. 

It will be r eca l l ed  that  12 h a f t e r  inject ion of r e s e r p i n e  (the end of these  observat ions)  intensive r e l e a s e  
of monoamines  takes  place f r o m  stable  f rac t ions ,  and sero tonin  is l ibera ted  and its s to rage  dis turbed.  These  
subs tances  have high va s ocons t r i c t o r  act ivi ty on the ce r eb ra l  v e s s e l s .  These  c i r c u m s t a n c e s  may have con-  
t r ibuted  to the dis turbance of ACR of the brain  v e s s e l s  when AP fell  in an imals  receiving r a u s e d i l .  Meanwhile 
p r e s e r v a t i o n  ( res tora t ion  in some cases)  of ACR to a definite degree  when AP fell  to ve ry  low levels  (40-30 
m m  Hg) against  the background of rausedi l  and pyr roxan ,  which was not obse rved  in the control  expe r imen t s ,  
mus t  be noted. This was evidently due to the par t ic ipa t ion  of other  m e c h a n i s m s  of ACR (possibly myogenic 
and metabol ic) .  
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