
u lce r s  were  not found when the total CA level  was about 20% ( s t r e s s  without admin is t ra t ion  of azaperone) ;  how- 
ever ,  a f t e r  admin is t ra t ion  of azaperone  and a fall in the CA concentra t ion to about 10%, u l ce r s  were  found in 
the g a s t r i c  mucosa  (Table 1). 

It can be concluded f r o m  these  findings that azaperone  has a s t r e s s - p r o t e c t i v e  action. The intensi ty  of 
this effect  d i f fe rs  in d i f ferent  s tages  of the s t r e s s  react ion.  Admin i s t r a t ion  of azaperone  caused only ve ry  
sl ight  changes in the t ime cour se  of development  of the s tage  of anxiety and r e s i s t ance .  Howeve r ,  the s tage of 
exhaust ion was much l e s s  well marked ,  which sugges ts  that  the phase  of r e s i s t a n c e  is prolonged as a r e su l t  of 
the influence of azaperone .  
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KEY WORDS: c e r e b r a l  blood flow; b ra in  oxygen and glucose demand; ca rd iac  g lycos ides .  

The action of ca rd iac  g lycos ides  (CG) on the c e r e b r a l  blood flow and va scu l a r  tone has been inadequately 
studied and the r e su l t s  a r e  often con t rad ic to ry  [5-7,  9-14] .  The wr i t e r s  showed prev ious ly  [3, 8] that s t rophan-  
thin and celanide i nc r ea s e  c e r e b r a l  va s cu l a r  tone and r a i s e  the genera l  a r t e r i a l  p r e s s u r e  (BP) or  induce a b i -  
phasic  r e sponse  (both cons t r ic t ion  and di la ta t ion) .  

The a im of the p r e s e n t  invest igat ion was to study the action of CG on the t ime course  of changes in the 
c e r e b r a l  blood flow, BP, and venous p r e s s u r e ,  and the oxygen and glucose  concentra t ions  and pH of venous and 
a r t e r i a l  blood in the bra in .  

EXPERIMENTAL METHOD 

Acute expe r imen t s  were  c a r r i e d  out on 32 cats  of both sexes  weighing 2.4-4.3 kg. The animal  was fixed 
to a f r a m e  and the blood v e s s e l s  l igated and cannulated under  e ther  anes thes ia .  La te r ,  to avoid las t ing changes 
in bra in  m e t a b o l i s m  assoc ia ted  with gene ra l  anes thes ia ,  the expe r imen t s  were  continued under  local  procaine  
anes thes ia  of the opera t ion  wound. Stable venti lat ion of the lungs was mainta ined by an a r t i f i c ia l  r e sp i r a t i on  
apparatus with monitoring of pO 2 and pH of the blood. To create optimal conditions of control respiration, 
suceinyl choline was injected intravenously as a muscle relaxant. The volume velocity of the cerebral blood 
flow was recorded by an appropriate instrument [ 1] connected to the common carotid artery. Isolated perfusion 

Depar tmen t  of Pharmaco logy ,  P y a t i g o r s k  Pha rmaceu t i ca l  Institute. (Presented by Academic ian  of the 
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T A B L E  1. Ef fec t  of S t r o p h a n t h i n  (0.05 m g / k g ,  i n t r a v e n o u s l y )  on the C e r e b r a l  B lood  F l o w  and 

Some  P a r a m e t e r s  of B r a i n  M e t a b o l i s m  

Parameter tested 

V o l u m e  velocity  of  cerebral 
blood f low 

P 
BP / '  

Difference:  
for o x y g e n  

P 
for glucose 

P 

Initial level 

75,8• ml , 100g/rain 

1(12,2• mm Hg 

22,4+ 1,47; 

12,5+2,0 mg!o 

After injection o f  s trophanthin,  % of  initial level 

1-3 rain 

@8,9~1,7 

~ 0 , 0 0 1  
- [ -20 ,4 -+  1,4 

<0,00I 

10 min 

--4,4• 

>o,i  
-i-8,o-+2,7 
<o,ot 

+38,1• 
~ 0 , 0 0 1  

@29,0• 19,4 
>0,05 

30 min 

--16,3~2,7 

<0,00l 
--6,8-+2,7 
<0,05 

@ 5 2 , 4 - + 4 , 2  
<0,00I 

@58,0-+25,3 
~0,05 

60 min 

--17,0~3,1 

~0,001 
--10,4~3,0 

<0,005 

+64,3• 
<0,00I 

+73,5+ 14,0 
<0,001 

90 min 

--18,8• 

<0,00l 
--12,4-+3,8 

<0,005 

@67,2-+3,8 
<0,001 

@82,9• 
<0,005 

T A B L E  2. Ef fec t  of  C e l a n i d e  (0.1 m g / k g ,  i n t r a v e n o u s l y )  on the C e r e b r a l  Blood  F l o w  and 
Some P a r a m e t e r s  of  B r a i n  M e t a b o l i s m  

Initial level 

Volume velocity  o f  cerebral 
blood f low 

I' 
BP 

P 
Difference: 

for pxygen 
P 

for glucose 
P 

1 --3 rain 

After  injection o f  celanide, % o f  initial level 

76,3_~:2,7 ml/  100 g/rain 

105,0_+_3,3 mm Hg 

2;Lg-f= 1.7% 

I 1 , 7 •  1,6 rag','. 

10 rain 

-i-12,5-+3,8 

<0,01 
~-20,8• 

<0,001 

30 rain 

--6,9-+4,9 

>o,1 
15,4-+4,7 
>0,1 

@ 4 0 , 3 •  
<0,00l 

-i 24,3• 19,0 
>o,l  

Parameter tested 

--15,6~4,l 

<0,005 
--8,8• 
<0,05 

i 61,9_+5,8 
<0,001 

-j 54,0• 18,3 
<0,05 

60 rain 

--16,4-+3,8 

<0,001 
--17,8_+4,6 

<0,005 

67,8_+9,4 
<o,001 
69,0• 11,7 
<O,O01 

90 min 

--17,3!3,8 

<0,001 
--18,4~4,7 

0,001 

+66,7-+8,2 
<0,00l 

-+86,6• 11,5 
<0,001 

of  the c e r e b r a l  v e s s e l s  was a c h i e v e d  by l i g a t i o n  of the e x t r a c r a n i a l  b r a n c h e s  of the c a r o t i d  and v e r t e b r a l  a r -  
t e r i e s  [2] .  The  s y s t e m i c  BP  was r e c o r d e d  in the c a r o t i d  a r t e r y  by  a m e r c u r y  m a n o m e t e r .  The  p r e s s u r e  in the 
venous  s y s t e m  of  the b r a i n  was  m e a s u r e d  with a w a t e r  m a n o m e t e r .  Blood c l o t t i n g  was p r e v e n t e d  b y  i n t r a v e -  
nous i n j e c t i o n o f h e p a r i n ;  pO 2 and pH of  the b lood  w e r e  d e t e r m i n e d  by  the A Z I V - 2  i n s t r u m e n t .  A r t e r i a l  b lood  f o r  
t e s t i ng  was  t aken  f r o m  the c a r o t i d  a r t e r y ,  venous  b lood  f r o m  the outf low f r o m  the venous  s i nus .  The  oxygen  
s a t u r a t i o n  of  the  b lood ,  in p e r c e n t ,  was  d e t e r m i n e d  by  a n o m o g r a m  f r o m  the v a l u e s  of  pH and pO 2 of  the b lood.  
The  oxygen  d e m a n d  of  the b r a i n  was d e t e r m i n e d  f r o m  the a r t e r i o v e n o u s  oxygen  d i f f e r e n c e  and the vahm of  the 
c e r e b r a l  b lood  f low, a l lowing  fo r  the oxygen  c a p a c i t y  of  the b lood .  The  b lood  g l u c o s e  c o n c e n t r a t i o n  was  d e t e r -  
m i n e d  with o r t h o t o l u i d i n e  r e a g e n t  [4] .  The g l u c o s e  d e m a n d  of  the b r a i n  was  e s t i m a t e d  f r o m  the a r t e r i o v e n o u s  
g l u c o s e  d i f f e r e n c e .  The g l u c o s i d e s  t e s t e d ,  n a m e l y  s t r o p h a n t h i n  (0.05 m g / k g )  and c e l a n i d e  (0. I m g / k g ) ,  w e r e  
i n j e c t e d  i n t r a v e n o u s l y .  

E X P E R I M E N T A L  R E S U L T S  

The r e s u l t s  a r e  g i v e n  in T a b l e s  1 and 2. S t r o p h a n t h i n  (18 e x p e r i m e n t s )  c a u s e d  a s i g n i f i c a n t  i n c r e a s e  in 
the c e r e b r a l  b lood  f low on a v e r a g e  by  8% du r ing  the 5-7 ra in  a f t e r  i t s  i n j ec t i on ,  fo l lowed  by  a g r a d u a l  fa l l ,  so  
tha t  a f t e r  90 ra in  i t  a v e r a g e d  182, of  the i n i t i a l  v a l u e s .  In m o s t  e x p e r i m e n t s  B P  showed  b i p h a s i c  c h a n g e s :  
i n i t i a l l y  i t  r o s e ,  e s p e c i a l l y  a f t e r  3 ra in  (on a v e r a g e  by  2 0 ~ ) ,  a f t e r  which i t  fe l l  g r a d u a l l y  c o m p a r e d  with the 
i n i t i a l  l e v e l .  In s o m e  e x p e r i m e n t s  (3 o f  13) B P  r e m a i n e d  above  the i n i t i a l  l e v e l  unt i l  the end of  o b s e r v a t i o n  
(60-90 r a i n ) .  The  p r e s s u r e  in the venous  s y s t e m  of  the b r a i n  fe l l  g r a d u a l l y  a f t e r  i n j e c t i o n  of  s t r o p h a n t h i n ,  and 
90 ra in  a f t e r  i n j e c t i o n  i t  was  22.9 • 2 . 7 % b e l o w  the i n i t i a l  l e v e l  ( P <  0 .001) .  The r e s i s t a n c e  of  the c e r e b r a l  v e s -  
s e l s  i n c r e a s e d  f o r  20 ra in  a f t e r  i n j e c t i o n  o f  the d r u g  ( a f t e r  20 ra in  i t s  m e a n  l e v e l  was 14~ h i g h e r  than i n i t i a l l y ) .  
L a t e r  the  c e r e b r o v a s c u l a r  r e s i s t a n c e  f e l l  g r a d u a l l y .  

The  oxygen  s a t u r a t i o n  of the a r t e r i a l  b lood  a f t e r  i n j e c t i o n  of  s t r o p h a n t h i n  was the s a m e  as  i n i t i a l l y .  In 
the  venous  b lood  t h e r e  was a s i g n i f i c a n t  d e c r e a s e  in the oxygen  c o n c e n t r a t i o n ,  which was on a v e r a g e  2(Y~ be low 
the i n i t i a l  l e v e l  60-90  ra in  a f t e r  i n j e c t i o n  o f  the d rug .  Some  d e c r e a s e  was o b s e r v e d  in pH of the a r t e r i a l  and 
v e n o u s  b lood .  F o r  i n s t a n c e ,  the  m e a n  i n i t i a l  v a l u e s  o f  pH fo r  a r t e r i a l  and venous  b lood  w e r e  7.4 • 0.01 and 
7.3 :e 0.01 r e s p e c t i v e l y .  The  pH of  the  a r t e r i a l  and venous  b lood  f e l l  90 ra in  a f t e r  i n j ec t i on  of  s t r o p h a n t h i n  by  
0.47 4- 0.08 and 0.92 ~: 0.09% respectively (P < 0 .001) .  The  g l u c o s e  c o n c e n t r a t i o n  in the a r t e r i a l  b lood  showed  
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Fig. 1. Effect  of s t rophanthin  (0.05 mg /kg ,  
in t ravenous ly)  on oxygen (unshaded columns)  
and g lucose  {shaded columns)  consumption by 
the bra in .  Initial values  taken as 100%; 1-4) 
values  10, 30, 60, and 90 min r e spec t ive ly  
a f t e r  inject ion of g lycoside .  

Fig. 2. Effect  of celanide (0'1 mg/kg ,  i n t r a -  
venously)  on oxygen and glucose consumption 
by the bra in .  Legend as to Fig. 1. 

a tendency to fall  a f t e r  inject ion of s t rophanthin  (it was reduced a f t e r  90 rain by 5.7 ~ 2.4%, P < 0.05). The glu-  
cose  level  in the venous blood was lowered  by a g r e a t e r  degree ,  and 90 rain a f t e r  injection of s t rophanthin it  
was 14.9 i 3.970 below the init ial  level  (P < 0.01). As re f l ec ted  in the values  of the i r  a r t e r iovenous  di f ference ,  
oxygen and glucose  consumption by the b ra in  t i s sues  i n c r e a s e d  (Fig. 1). 

Celanide* (14 e x p e r i m e n t s ) ,  l ike s trophanthin,  induced biphas ic  changes in the volume veloci ty  of the 
c e r e b r a l  blood flow and s y s t em i c  BP. Ini t ial ly there  was a s ignif icant  i nc r ea se  of the c e r e b r a l  blood flow on 
ave rage  by 12% las t ing 3-10 min,  accompanied  by a mean r i s e  of BP by 20~. La t e r  the blood flow and BP fell 
gradual ly ,  and 60-90 rain a f t e r  inject ion of the drug they were  on ave rage  20~ below their  initial values  (P < 
0.001). The p r e s s u r e  in the c e r e b r a l  veins fell  toward the end of the expe r imen t s  (90 rain) on ave rage  by 23% 
(P < 0.001). The c e r e b r o v a s c u l a r  r e s i s t a n c e  rose  during the 20 rain a f t e r  inject ion of celanide (af ter  20 rain 
i ts  mean  value was 14% higher  than in i t ia l ly) .  L a t e r  the c e r e b r o v a s c u l a r  r e s i s t a n c e  fell gradual ly ,  and a f t e r  
90 rain in m o s t  expe r imen t s  (6 of 10) it was below the init ial  level .  

No signif icant  changes  were  produced in the oxygen concentra t ion  in a r t e r i a l  blood by celanide,  whereas  
in the c e r e b r a l  venous blood the pa r t i a l  p r e s s u r e  of oxygen fell  gradual ly ,  to 23% below i ts  init ial  value a f t e r  
60-90 rain. The pH of the a r t e r i a l  blood was s ignif icant ly  reduced  by 0.61 • 0.09% 90 min a f t e r  injection of 
celanide and that  of the venous blood was reduced by 1.04 • 0.15% (initial va lues  7.39 • 0.01 and 7.30 • 0.01 r e -  
spec t ive ly ) .  The glucose level  fell g radual ly  in the a r t e r i a l  and venous blood a f t e r  injection of celanide and 90 
rain a f t e r  the inject ion it was 13.0 �9 2.7~0 (P < 0.001) and 23.4 i 3.4~ (p  < 0.001) r e spec t ive ly  lower  than 
init ial ly.  Data on changes in the oxygen and glucose de'mand by the b ra in  t i s sues  under  the influence of celanide 
a re  given in Fig. 2. 

The r e su l t s  of this invest igat ion thus showed that s t rophanthin and celanide frequent ly  induced biphas ic  
changes in the c e r e b r a l  hemodynamics .  Init ial ly the c e r e b r a l  blood flow inc rea sed  regu la r ly ,  despi te  some in-  
c r e a s e  in the c e r e b r o v a s c u l a r  r e s i s t ance ;  this can be explained by the pa ra l l e l  r i s e  in BP. La t e r  the c e r e b r a l  
blood flow d e c r e a s e d  gradual ly  as a r e s u l t  of a fall in BP. The c e r e b r o v a s c u l a r  r e s i s t a n c e  began to fall g r a d -  
ual ly during this per iod  (in some ca se s  it  fell below its initial  va lue) .  The r egu l a r  fall of venous p r e s s u r e  fac i l -  
i ta ted dra inage  of blood f rom the venous s y s t e m  of the bra in .  The fall  in the oxygen and glucose concentra t ion  
in the c e r e b r a l  venous blood, evidence of the i r  m o r e  act ive ut i l izat ion by the bra in ,  is pa r t i cu l a r ly  in teres t ing.  

The favorab le  therapeut ic  effect  of ca rd iac  g lycos ides  in pat ients  with c e r e b r o v a s c u l a r  d i s tu rbances ,  ob-  
s e rved  by cl inicians [9-14] ,  is evidently due not only to the i r  effect  on the c a r d i o v a s c u l a r  sys t em,  but also to 
the i r  abi l i ty to improve  the blood flow and m e t a b o l i s m  in b ra in  t i ssue.  
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diethylamino analog of ethmozine; myocardium. 

The diethylamino analog of ethmozine* (DAAE) is a new antiarrhythmic compound of the phenothiazine 
ser ies  synthesized at the Institute of Pharmocology, Academy of Medical Sciences of the USSR. The high anti- 
arrhythmic activity of this compound [6] is due to its ability to induce effective and prolonged inhibition of the 
fast sodium current  of myocardial fibers [2, 4, 51. Nevertheless, the question of the effect of DAAE on kinetic 
parameters  of the fast sodium current  remains unexplained. Investigation of the action of this compound on 
parameters  of the sodium current  in depolarized heart  t issue also is interesting, for we know that many anti- 
arrhythmic agents, especially lidoeaine, selectively inhibit the fast sodium current  in ischemized and depolar- 
ized myocardial fibers [8, 11, 14-16]. 

The aim of the present  investigation was to study the action of DAAE on the fast inward sodium current  
and of its kinetic parameters  in normal and depolarized myocardial fibers. 

EXPERIMENTAL METHOD 

The fast inward sodium current was recorded under membrane voltage clamp conditions, using a double 
sucrose gap by a method similar to that described previously [3, 7, 12]. Isolated trabeeulae, obtained from the 
atria of Rana eatesbiana, were used as test objects; the length of the trabeculae was 3-4 mm and their diame- 

ter 80-120/~. A trabecula was perfused in a testing compartment 250 p wide with Ringer's solution of the fol- 
lowing composition (in raM): NaC1114, KC12.7, CaC121.8, glucose 5, Tris-HC110,  pH 7.5. Only those t rabee-  
ulae on which a resting potential of 75-80 mV was recorded after immersion in the perfusion chamber were 
used in the experiments.  The myocardial fibers were depolarized by two methods: by passing a direct  current  
through the fiber under membrane voltage clamp conditions and by increasing the potassium ion concentration 
in the perfusion fluid to 8-9 raM. The membrane potential in the depolarized fibers was maintained 15 mV 

*Ethmozine is 2-carbethoxyamino-10-(3-morpholylpropionyl)-phenothiazine hydroehloride. 
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