
the musc le  i~ t ime  At, Av s is the ra te  of shortening induced by it under  these  c i r cums tances ,  a denotes ac-  
ce lera t ion ,  and m is a m e a s u r e  of inert ia  of the musc le  -~ loading fac tor  sys tem.  Analysis  of the f o r c e - v e -  
loci ty re la t ionship  shows that m o m e n t a r y  values of the ra te  of shortening Vs and the ra te  of development  of 
tension V T c o r r e l a t e  c lose ly  with each other,  i.e., with a ce r ta in  approximat ion,  AVs = kAV T, where  k = const,  
and consider ing that AV T = P /At  and a = k A V T / A t  2. But since k = const,  the value of P /A t  z is pe r fec t ly  suit-  
able for  use as  the c r i t e r ion  of myocard ia l  contract i l i ty ,  equally with acce le ra t ion  of shortening a. 
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EFFECT OF A 3-HYDROXYPYRIDINE DERIVATIVE MEMBRANE 

MODULATOR ON PHARMACOLOGICAL ACTIVITY OF SOME 

PSYCHOTROPIC DRUGS 

L .  D. S m i r n o v ,  T .  A. V o r o n i n a ,  
a n d  K.  M.  D y u m a e v  

KEY WORDS: m e m b r a n e  modulator;  psychot rop ie  drugs; m e m b r a n e s .  

UDC 615.214.22.015.547.823 

An intensive sea rch  for  physiological ly  act ive compounds among the group of 3-hydroxypyr id ine  de r iva -  
t ives  is cu r ren t ly  being undertaken and the mechan i sm of the i r  action is being studied [12]. 3:HydroxYpyridine 
de r iva t ives  have been shown to be a p romis ing  c l a s s  of neurot ropic  compounds with an or iginal  spec t rum of 
pha rmaco log ica l  act ivi ty  and mechan i sm of action that d i f fe rs  f r o m  those of o ther  known p r e p a r a t i o n s  [5, 7, 11]. 
An t i s t r e s so r ,  ant i i sochemic ,  an t ia r rhy thmic ,  and anticonvulsant  types  of action have been found among 3-hy-  
droxypyr id ine  de r iva t ives  [8, 10]. Some w o r k e r s  [1, 10] assoc ia te  the pharmaco log ica l  act ivi ty  of 3 -hydroxy-  
pyridine de r iva t ives  with the i r  abil i ty to inhibit lipid peroxidat ion in biological  m e m b r a n e s .  Slowing oxidative 
reac t ions  in m e m b r a n e  l ipids by 3-hydroxypyr id ine  de r iva t ives  has  been shown to lead to changes in the com-  
posi t ion and p r o p e r t i e s  of the lipids [3]. This, in turn,  is re f lec ted  in the s t ruc tu re  of the m e m b r a n e  and its 
sensi t iv i ty  to the action of xenobiot ics  and noxious fac tors ,  and it is also accompanied by changes  in m e m -  
brane  function. 

There  is evidence in the l i t e ra tu re  that changes  in phospholipid composi t ion cause  changes  in act ivi ty  
of membrane -bou nd  enxymes  and, in pa r t i cu la r ,  of adenylate cyc lase  and phosphodies te rase  [2]. F o r  example ,  
adminis t ra t ion  of phospholipid l iposomes ,  causing modificat ion of the phospholipid composi t ion of p l a s m a  
m e m b r a n e s ,  modi f ies  the conformat ion  of adenylate cyclase ,  recognit ion and binding of hormones ,  and affinity 
of the enzyme for  ATP [13]. These changes lead to an inc rease  in act ivi ty  of adenylate cyc lase  and i ts  sens i -  
t ivity to hormones .  These r e su l t s  suggested that p r e l i m i n a r y  modificat ion of the phospholipid composi t ion of 
m e m b r a n e s  by synthetic antioxidants  of the 3-hydroxypyr id ine  c l a s s  could have a significant effect  on the 
pharmaco log ica l  act ivi ty  of the psychotropic  drugs.  

Insti tute of Pharmaco logy ,  A c a d e m y o f  Medical Sciences of the USSR, ~ o s c o w .  (Presen ted  by Academi-  
cian of the Academy of Medical Sciences of the USSR A. V. Val 'dman.)  Trans la ted  f rom Byul le ten '  l~-ksperi- 
mental  Biologii i Meditsiny,  Vol. 99, No. 5, pp. 519-522, May, 198~. Original a r t ic le  submit ted April  29, 1984. 
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TABLE 1. Effect of Tranquil izers  and Their  Combinations with P - 3 - H P  on P a r a m e t e r s  of 
Rats '  Behavior  in Conflict Situation (M=~m) 

Experimental conditions Do~e, mg/kg Number of times Approaches Motor activity ~ 
of taking water to feeding bowl 

Control 
P-3-HP 
Diazepam 
P-3-HP + diazepam 
Diazepam 
Phenazepam 
P-3-HP + phenazepam 
Phenazepam 
Calcium valpmate 
P-3-HP + calcium valproate 
Calcium valproate 

Legend. Recording time 20 min. 
f i r s t  scheme. 

25 
0,5 

25• 
2 

0, I 
25• 

1,2 
I00 

25• I00 
300 

2,0+0,7 
3,2-+ 1,2 
6,4• 1,5 
12• 1,3 

14,2+4,2 
5,3• 1,8 

i6,1• 
15,4• 
5,1_+1,8 

I 1 , 9 •  
14,8+4,2 

13,8• 
13,0_2,2 
10,i 3,0 
11,6• 
7,8_+5,0 

15,4• 
17,6_4,8 
4,2• i, l 

t2,4• 
15,4• 
5,1--+3,2 

Combinations of substances in 

18,6+4,4 
15,0_+2,6 
19,6+4,1 
22,7• l 
11,2• 
22,3• 
24,0• 

7,1• 
13,6• 
17,3• 
6,9• 
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Fig. 2 

Fig. I. Potentiation of anxiolytic action of t ranqui l izers  
in a conflict situation by P -3 -HP.  Ordinate, number of 
t imes ra t s  took water  in conflict situation. 1) Control; 2) 
P - 3 - H P  (25 mg/kg);  3) phenazepam (0.1 mg/kg);  4) P - 3 - H P  
(100 mg/kg+  100 mg/kg+ 25 mg/kg)+ phenazepam (0.1 
mg/kg);  5)phenazepam (1.2 mg/kg);  6) diazepam (0.5 mg/kg);  
7) P - 3 - H P  (100 mg/kg+  100 mg/kg+ 25 mg/kg) + diazepam 
(0.5 mg/kg);  8) diazepam (2 mg/kg);  9) calcium valproate 
(100 mg/kg);  10) P - 3 - H P  (100 mg/kg+ 100 mg/kg+ 25 mg/  
kg) +calc ium valproate (100 mg/kg);  11) calcium valproate 
(300 mg/kg).  Substances injected in accordance with f i rs t  
scheme. 

Fig. 2. Potentiation of sedative action of t r i f iuoperazine by 
P - 3 - H P  during recording of motor  activity of mice in an Ani- 
mex. Ordinate, mean number of movements  by mouse in 10 
minl 1) control;  2) P - 3 - H P  (100 mg/kg);  3) t r i f luoperazine 
(0.5 mg/kg);  4) P - 3 - H P  (100 mg/kg+  100 mg/kg+  25 mg/kg)+ 
tr if luoperazine (0.5 mg/kg). Substances injected in accord-  
ance with f i rs t  scheme. *P = 0.05. 

The wr i t e r s  showed previously [11] that some 3-hydroxypyridine derivat ives  have a m a r k e d a b i l i t y t o p o -  
tent• the hypnotic action of barbi turates ,  and this is evidence in support of the above hypothesis.  Data show- 
ing enhancement of the t remor- inducing  action of arecoline under the influence of a membranot ropic  antiox- 
idant of the 3-hydroxypyridine c lass  also have been published [4]. 

The aim of the presen t  investigation was an extensive study of the potentiating proper t i es  of 3-hydroxy-  
pyridine derivat ives in relat ion to the psychotropic activity of drugs of different chemical  s t ructure  and type 
of action: neuroleptics  (chlorpromazine,  tr if luoperazine,  reserpine),  t ranqui l izers  (diazepam, phenazepam,* 
calcium valproate), and a hypnotic (hexobarbital). 

* 7-B romo-  1, 3- dihydro- 5- (2 ' -chlorophenyl)-2H- 1,4-benzodiazepin- 2-one. 
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T A B L E  2. E f fec t  of P s y c h o t r o p i c  D r u g s  and T h e i r  C o m b i n a t i o n s  with P - 3 - H P  on M o t o r  A c t i v -  
i ty of Mice  in A n i m e x  

Experimental conditions 

Control 
P-3-HP 
P-3-HP 
Control 
Phenazepam 
P-3- HP + phenazepam 
Control 
Chlomromazine 
P-3-HP + chlorpromazine 
P- 3- HP + chlorpromazine 
Control 
Reserpine 
P- 3- EP + reserpine 

Dose, mg/kg 

Parameters of motor activity 

first 5 rain second 5 min 10 rain 

10 
25 

0,3 
10• 

0,5 
1O-'f 0,5 
25+0,5 

1,0 
10 I-0,1 

487 
611 
686 
593 
334 
230 
707 
351 
291 
205 
627 
168 
42 

257 
305 
326 
261 
320 

7 
345 
190 
129 
[24 
296 
63 
14 

230 
306 
360 
332 
102 
223 
362 
t61 
162 
81 

331 
105 
28 

mean for one animal 

81,2 
101,8 
114,3 
98,7 
55,6 
38,3* 

117,8 
58,5 
48,5 
34,2 * 

104,5 
28,7 
7,0" 

L e g e n d .  S u b s t a n c e s  a d m i n i s t e r e d  in a c c o r d a n c e  with second  s c h e m e .  *P = 0.05. 

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

E x p e r i m e n t s  w e r e  c a r r i e d  out  on non inb red  m a l e  a lb ino  m i c e  (weight  18-24 g) and r a t s  (weight  180-250 
g). To a s s e s s  the t r a n q u i l i z i n g  e f fec t ,  the me thod  of a con f l i c t  s i tua t ion  c r e a t e d  in r a t s  by  c o l l i s i o n  b e t w e e n  
p a i n  and food r e f l e x e s  [6] w a s  used .  The g e n e r a l  d e p r e s s a n t  ac t ion  of  the  d r u g s  w a s  t e s t e d  in m i c e  by  r e c o r d -  
ing m o t o r  a c t i v i t y  in an a c t o g r a p h  (Ugo B a s i l e , ' I t a l y ) .  M o t o r  a c t i v i t y  w a s  r e c o r d e d  fo r  10 ra in  (two p e r i o d s  
each  of 5 rain) .  The hypno t i c  e f f ec t  was  judged  by the a b i l i t y  of  the  d r u g s  to c a u s e  the m i c e  to fa i l  into the 
s ide  pos i t i on ,  and the l a t e n t  p e r i o d  of s l e e p i n g  and awaken ing  w a s  r e c o r d e d  [6]. Each  dose  of the s u b s t a n c e  
was  t e s t e d  on 8-12 a n i m a l s .  

The t e s t  s u b s t a n c e s  w e r e  in j ec t ed  i n t r a p e r i t o n e a l l y ,  a l lowing  fo r  t h e i r  p e a k  of ac t ion :  h e x o b a r b i t a l  5 
min ,  p h e n a z e p a m  and d i a z e p a m  40 rain,  c a l c i u m  v a l p r o a t e  1 h, and c h l o r p r o m a z i n e ,  t r i f l u o p e r a z i n e  , a n d  r e s -  
e r p i n e  2 h b e f o r e  the  e x p e r i m e n t  began .  An a l k y l - s u b s t i t u t e d  3 - h y d r o x y p y r i d i n e  ( P - 3 - H P ) ,  i n j e c t e d  i n t r a p e r i t o -  
n e a l l y  in two v a r i a n t s ,  was  u sed  a s  the  an t iox idan t .  The f i r s t  s c h e m e  of a d m i n i s t r a t i o n  w a s  100 m g / k g  tw ice  
on the  day  b e f o r e  the e x p e r i m e n t  and a s u b t h r e s h o l d  dose  of 25 m g / k g  30 min  b e f o r e  a d m i n i s t r a t i o n  of  the  t e s t  
s u b s t a n c e s  b e f o r e  the  e x p e r i m e n t ;  the second  s c h e m e  w a s  100 m g / k g  4 h be fo r e ,  and s u b t h r e s h o l d  d o s e s  (10, 
25, and 50 m g / k g )  40 ra in  a f t e r  a d m i n i s t r a t i o n  of the t e s t  s u b s t a n c e s .  

EXPERIMENTAL RESULTS 

P r e l i m i n a r y  in j ec t ion  of P - 3 - H P  a c c o r d i n g  to the f i r s t  s c h e m e  on the day  b e f o r e  the e x p e r i m e n t  c o n s i d -  
e r a b l y  p o t e n t i a t e s  the  e f f e c t s  of the p s y c h o t r o p i c  d r u g s .  In the  con f l i c t  s i tua t ion ,  u n d e r  the  inf luence  of P - 3 -  
HP,  def in i t e  p o t e n t i a t i o n  of the  anx i0 ly t i c  e f f e c t s ,  both  of the c l a s s i c a l  t r a n q u i l i z e r s  of  the b e n z o d i a z e p i n e  s e -  
r i e s  ( d i a z e p a m  and p h e n a z e p a m )  and of  an a t y p i c a l  t r a n q u i l i z e r  with a G A B A - e r g i e  m e c h a n i s m  of ac t ion  ( ca l -  
e i u m v a l p r o a t e ) ,  was  o b s e r v e d  (Tab le  1, F ig .  1). F o r  e x a m p l e ,  w h e r e a s  p h e n a z e p a m  in a dose  of 0.1 m g / k g  
i n c r e a s e d  the b a s i c  p a r a m e t e r  of b e h a v i o r  d u r i n g  con f l i c t  (the n u m b e r  of t i m e s  of t ak ing  w a t e r ,  d e s p i t e  a c -  
c o m p a n y i n g  pa in fu l  s t i m u l a t i o n )  by  2.5 t i m e s ,  and P - 3 - H P  a lone  in a dose  of  25 m g / k g  i n c r e a s e d  i t  by  1.6 
t i m e s  a f t e r  p r e l i m i n a r y  a d m i n i s t r a t i o n  of P - 3 - H P  th i s  p a r a m e t e r  w a s  i n c r e a s e d  e ight fo ld .  To ob ta in  a s i m i -  
t a r  a n x i o l y t i c  e f fec t  f r o m  p h e n a z e p a m  a lone ,  the  dose  of  the  t r a n q u i l i z e r  would have  to  be  i n c r e a s e d  to 1.2 
m g / k g ,  i . e . ,  by 12 t i m e s .  M a r k e d  p o t e n t i a t i o n  of the a a x i o l y t i c  e f f ec t  by p r e l i m i n a r y  a d m i n i s t r a t i o n  of P - 3 - H P  
a l so  w a s  o b s e r v e d  when o t h e r  t r a n q u i l i z e r s  w e r e  used :  d i a z e p a m  and c a l c i u m  v a l p r o a t e  (Table  1, F ig .  1). 

Def in i te  p o t e n t i a t i o n  of the e f f e c t s  of the p s y c h o t r o p i c  d r u g s  a f t e r  p r e l i m i n a r y  a d m i n i s t r a t i o n  of P - 3 - H P  
a l so  was  o b s e r v e d  when t h e i r  s e d a t i v e  ac t i on  was  a s s e s s e d  dur ing  r e c o r d i n g  of  m o t o r  a c t i v i t y  in the Animex .  
A s ing le  dose  of P - 3 - H P  o r  t r i f l u o p e r a z i n e  (0.5 m g / k g )  w a s  found to c a u s e  on ly  a s m a l l ,  not  s t a t i s t i c a l l y  s i g -  
n i f i can t ,  r e d u c t i o n  of the  a n i m a l s '  m o t o r  a c t i v i t y  (Fig .  2). Meanwhi l e  a d m i n i s t r a t i o n  of the  n e u r o l e p t i c  p r e -  
c e d e d  by  the a n t i o x i d a n t  r e d u c e d  m o t o r  a c t i v i t y  t h r e e f o l d .  

In the nex t  s e r i e s  of e x p e r i m e n t s ,  in which  P - 3 - H P  was  in j ec t ed  on the day  of  the e x p e r i m e n t ,  s i g n i f i c a n t  
p o t e n t i a t i o n  of the  s e d a t i v e  a c t i o n  of  c h l o r p r o m a z i n e ,  r e s e r p i n e ,  and p h e n a z e p a m  a l so  w a s  o b s e r v e d  when m o -  
t o r  a c t i v i t y  w a s  r e c o r d e d  in the  A n i m e x  (Tab le  2). 
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Under the influence of P - 3 - H P  a cons iderable  increase  was obse rved  in the duration of ba rb i tu ra te  
sleep. Fo r  instance,  a f ter  injection of hexobarbi ta l  alone, in a dose of 50 mg/kg ,  mice  a s sumed  the side pos i -  
tion, in which they remained  for  18.9 �9 4.1 min, whereas ,  a f te r  combined adminis t ra t ion  of hexobarbi ta l  and 
P - 3 - H P ,  the durat ion of sleep was increased  to 34.1 =~ 7.8 min. It will be reca l l ed  that P - 3 - H P  alone did not 
induce the side posit ion,  e i ther  in a dose of 50 m g / k g  or  in an increased  dose of 300 mg/kg .  Prolongat ion of 
hexobarbi ta l  sleep by p r e l i m i n a r y  injection of P - 3 - H P  was due mainly  to an increase  in the awakening t ime 
of the an imals  and by a l e s s e r  degree  to shortening of the latent  per iod of falling asleep.  

The use of psychotropic  drugs  p receded  by P - 3 - H P  thus led to cons iderable  enhancement  of the i r  ac-  
t i v i t y -  anxiolytic,  sedative,  and hypnotic. Potentiat ion of act ivi ty af ter  p r e l i m i n a r y  P - 3 - H P  was obse rved  
when the psychotropic  drugs  and antioxidant were  used in subthreshold doses,  with which the i r  specific effect  
could hardly  be observed ,  and in some c a s e s  P - 3 - H P  also enhanced mani fes ta t ions  quite untypical of the ant i -  
oxidant, even in subtoxic doses.  

The r e su l t s  suggest  that the mechan i sm of interact ion between these subs tances  is not additive in type, 
but involves potentiat ion of the ef fec ts  of the drugs  by the antioxid~int. Potentiat ion in this case  has  a broad 
spec t rum of action, since P - 3 - H P  potent ia tes  different  mani fes ta t ions  of action (anxiolytic, sedative,  hypnotic) 
of different  psychot ropic  drugs,  belonging to different  c l a s ses ,  as  r e g a r d s  both chemica l  s t ruc tu re  (phenothi- 
azines,  benzodiazepines,  ba rb i tu ra te s ,  va lproate)  and m e c h a n i s m s  of action, and also the i r  c l inical  application 
(neuroleptics ,  t ranqui l izers ,  hypnotics).  

The r e su l t s  demons t ra t e  the universa l i ty  and nonspecif ic i ty  of the potentiat ion mechan i sm,  which is 
probably  not assoc ia ted  with any concrete ,  specif ic level  of interact ion of the drug with s y s t e m s  of the body 
or  with pharmacokine t ic  convers ions  of the drugs.  

The mechan i sm of action of P - 3 - H P  on the pharmaco log ica l  e f fec ts  of psychot ropic  agents  is evidently 
based on its membrane -modu la t i ng  effect,  namely its action on the phys icochemica l  p r o p e r t i e s  and phospho- 
lipid composi t ion of biological m e m b r a n e s ,  which may  be accompanied,  as was shown in [4], by a change in 
sensi t iv i ty  and functional act ivi ty  of synaptic m e m b r a n e s .  Consider ing the prof i le  and m e c h a n i s m s  of action 
of the subs tances  tes ted,  it can be postulated that modificat ion of re la t ions  between drug and membrane ,  caus-  
ing potentiat ion of the pharmaco log ica l  effect,  t akes  place,  i npa r t i cu l a r ,  a t the  level of the GABA-benzodi-  
azep ine -ba rb i tu ra t e  complex.  

Thus, the abil i ty of m e m b r a n e - a c t i v e  compounds of the 3-hydroxypyridine  c lass  to potentiate effects  of" 
psychotropic  drugs,  revealed  exper imenta l ly ,  opens up new prospec t s  for  de l ibera te  modif icat ion of the s p e c -  
t r um of action of these  therapeut ic  subs tances  in clinical  p rac t ice .  
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