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EFFECT OF NONACHLAZINE AND OXYFEDRINE 
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The pe r iphe ra l  effects  of the new Soviet antianginal  drug nonachlazine are  la rge ly  de te rmined  by its ef-  
fect  on ad rene rg ic  s t r u c t u r e s  of the myoca rd ium and blood ve s se l s  [4, 5, 9]. Nonachlazine inc reases  the nor-  
adrenal in  concentra t ion in myoca rd ia l  t i ssue  and blocks the r e v e r s e  t r a n s p o r t  mechan i sm in adrenerg ic  neurons  
[2, 4]. Its e f fec ts  a r e  not mani fes ted  a f te r  p r e l i m i n a r y  injection of c~- and ~ - b l o c k e r s  [5, 9]. It is well  known 
that drugs  affect ing pe r iphe ra l  adrenerg ic  p r o c e s s e s  of regulat ion of the c i rcula t ion can induce changes a lso  
through cen t ra l  p r o c e s s e s  of regulat ion of sympathe t ic  vascu la r  tone [8]. There  have been r epo r t s  that a la rge  
dose of nonachlazine has a cen t ra l  inhibitory action [1, 3]. 

The object  of this investigation was to compare  the c~,~ra~ effects  Of two modern  antianginal  drugs [7~ 
12] with a 3 - s t i m u l a t i n g  component  of the i r  action on ad rene rg ic  s t r uc tu r e s  of the myoca rd ium,  namely non- 
achlazine and oxyfedrine (Ildamen). The cen t ra l  effects  of the drugs  were  judged by the i r  effect  on tonic and 
re f l ex  act ivi ty in the sympathe t ic  nerves  of the kidney and also on vasomoto r  r e f l exes  evoked by s t imulat ion 
of di f ferent  groups of a f fe ren t  f ibe r s  of a somat ic  nerve  in anesthet ized an imals  with an intact b ra in .  

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

Expe r imen t s  were  ca r r i ed  out on cats  weighing 2.5-4 kg anesthet ized with urethane and ch lora lose  (300 
and 40 m g / k g  r e spec t ive ly ,  intravenously) .  The an imals  were  a r t i f i c ia l ly  venti lated and immobi l ized with m y -  
ore laxin  (succinylcholine,  0.1 m g / k g / m i n ,  intravenously) .  The body t e m p e r a t u r e  (rectal)  was maintained at  
36-37 ~ by a r t i f i c ia l  ex te rna l  heating.  The sys t emic  a r t e r i a l  p r e s s u r e  (BID) in the f e m o r a l  a r t e r y  was m e a s u r e d  
by means  of an e l e e t r o m a n o m e t e r .  E l e c t r i c a l  act ivi ty  in the rena l  nerve  was r eco rded  by buried platinum e lec -  
t r odes  with an in t e r e l ee t rode  dis tance of 3-4 ram. Reflex r e s p o n s e s  in the rena l  nerve and vasomQtor  r e -  
f lexes were  evoked by e l ec t r i c a l  s t imulat ion of n. t ibial is  (~T) by s t imul i  of different  p a r a m e t e r s .  In other  
s e r i e s  of expe r imen t s ,  r e f lex  r e s p o n s e s  detected by a monopolar  technique were  averaged  by means  of the 
ATAK-350 ana lyze r  (Japan). 

Nonaehlazine was injected in t ravenously  in doses  of 1 and 6 m g / k g  and i n t r a - a r t e r i a l l y  (a. oaro t i s  eom.) 
in a dose of 1 mg /kg .  Oxyfedrine was injected in a dose  of 0.3 and i m~ /kg  in t ravenously  or  in a dose of 0.3 
m g / k g  i n t r a - a r t e r i a l l y .  To study the ro le  of ad rene rg ic  m e c h a n i s m s  in the cen t ra l  effects  of  nonachlazine and 
oxyfedrine t h e / 3 - a d r e n o b l o c k e r  propranolo l  was used in a dose  of 3 m g / k g  (intravenously) and r e se rp ine  
( R a u s e d i l -  0.25%) in a dose of 1 mg /kg .  

The r e su l t s  we re  subjected to s t a t i s t i ca l  ana lys i s .  

L a b o r a t o r y  of Pha rmaco logy  of the Ca rd iovascu l a r  Sys tem,  Insti tute of Pharmaco logy ,  Academy of Medi-  
cal  Sciences of the USSR, Moscow. (Presen ted  by Aeademic ian  of the Academy of Medical  Sciences of the 
USSR V. V. Zakusov.)  Trans la ted  f rom Byalleten '  ~ k s p e r i m e n t a l ' n o i  Biologii i Medi ts iny,  Vol. 89, No. 7, pp. 
45-49, July,  1980. Or ig inal  a r t i c l e  submit ted October  13, 1979. 
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TABLE 1. Effect  of Nonach laz ine  and Oxyfedr lne  on A m p h t u d e  of Reflex Changes in BP  (in 

m m  Hg) Evoked by S t i m u l a u o n  ot A f f e r e n t  F i b e r s  of F T  

t series II series III series 

Drug Dose, mg/kg C D C R D C D D 

Nonachla- 
zine 

Oxyfedrine 

1,0 (intrave- 
nously ) 

6,0 (intrave- 
nously) 

1.0 (intra- 
�9 ax terially ) 

1,0 (intrave- 
nously 

0,3 (intra- 
art erially) 

--16=t=5 
(7) 

--19:i::4 
(6) 

--17~+5 

--15~4 
(7) 

--17=k6 
(6) 

--7~3 

--25:h, i 

--28::k 

- - 2 0 ~ 5  

--19:i:5 

--19:h4 
(6) 

--16:1:5 
(8) 

18~5 
(7) 

--19=k5 
(6) 

--16+__4 
(6) 

--16:k5 

--18~6 

--144-5 

I 

--16:t:5 

--18=t=4 

--15=t:4 

--24-4-5 

--214-4 

--224-6 

--21::k:5 

@51:t=5 
(7) 

@56• 
(8) 

@48::h6 
(6) 

@47~5 
(7) 

•177 
(6) 

@73-u8 

@ 29::k4 

@16• 

@32• 

@30+5 

' 4  8:f:8 
(6) 

@50+__6 
(7) 

@45+__5 
(5) 

--53+4 

@47+6 
(5;- 

IV series 

C R 
I 

@41~7 

-I-46:t:51 
I 

+39::t:4 

@45:k:6 

+ 3O+__4 

@46=t=6 @35~4 

@43• @25~3 

Legend.  C) ControI  r e s p o n s e  before  a d m i n i s t r a t i o n  of drug;  R) r e s p o n s e  3 h a f te r  i n j e c t i o n  
of r e s e r p i n e ,  1 m g / k g  i n t r avenous ly ;  D) m a x i m a l  ampl i tude  of r e f l ex  change in BP  a f t e r  i~jee-  
t ton of d rug .  N u m b e r  of a m m a l s  in s e r i e s  shown in p a r e n t h e s e s .  Sign be fo re  m e a n  value:  
+) p r e s s o r  r e f l e x , - )  d e p r e s s o r  r e f l ex  of BP.  P a r a m e t e r s  of s t i m u l a t m n  for  s e r i e s :  I and 
I I -  1 V, 0.2 m s e c ,  30 Hz, for  15 sec;  III and I V -  ampl i tude  15 V, du ra t ion  of s t i m u l i  1 m s e c ,  
f r e q u e n c y  of s t i m u l a t i o n  30 Hz, for  15 sec .  
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Fig .  1. Effect  of n o n a c h l a z m e  in doses  of 1 m g / k g  (A) and 6 m g / k g  (B), and a l so  of oxy-  

f ed r lne  in a dose  of 1 m g / k g  (C) on tonic (a) and r e f l ex  (b) e i e e t r m a l  ac t iv i ty  in r e n a l  ne rve  

evoked by e l e c t r i c a l  s t i m u l a t i o n  of NT (1 m s e e ,  15 V, 1 H z -  s t i m u l i  r e p r e s e n t e d  by points) .  
C a l i b r a t i o n :  t00 pV, 10 see  (a) and t see (b). 1) Befo re  in jec t ion  of d rug ,  2 and 3) 10 and 
30 m m  r e s p e c t i v e l y  a f t e r  in jec t ion .  

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

The effect  of nonach l azme  and oxyfedr lne  m d i f f e r en t  doses  on the c h a r a c t e r  ot v a s o m o t o r  r e f l e x e s  
e v o k e d b y s t i m u l a t i o n o f  NT was s tudied m the e x p e r i m e n t s  of s e r i e s  I. S t imula t ion  of only A - g r o u p s  of a f f e r -  
ent  f i b e r s  oI NT,  c o r r e s p o n d i n g  to s t i m u l a t i o n  w~th a s t r e n g t h  of 1 V [6], evoked a hypo tens lve  r e s p o n s e  of B P  
in the a n e s t h e t i z e d  a n i m a l s  with an in tac t  b r a i n .  S t imu la t i on  ot the whole s p e c t r u m  of a f f e r en t  g roups  of f i b e r s  
ol NT (A + C - f i b e r s )  with a s t r e n g t h  ot 15 V evoked a h y p e r t e n s i v e  r e s p o n s e  of BP.  The m e a n  s t a t i s t i c a l  da ta  
on the effect  of n o n a c h l a z m e  and oxy fed rme  on the m a x i m a l  r e i l e x  cha in  m B P  (the ampl i t ude  o/ the v a s o m o t o r  
ref lex)  a r e  given in Tab le  1. N o n a c h l a z m e  in a dose ot 1 m g / k g ,  m which it did not exhib i t  any m a r k e d  a n t l a n -  
g m a l  effect ,  r educed  by 56% the d e p r e s s o r  r e s p o n s e  ot BP  to s t i m u l a t i o n  ot A - g r o u p s  o[ f i b e r s  ot NT and po- 
t en tmted  by 43% the p r e s s o r  re f l ex  ot B P  to s t i m u l a t i o n  of the A + C - ~ l b e r s  of NT. The a c t i v a t i n g  effeet  of non-  
a e h l a z i n e i n t h i s  dose was m a n i f e s t e d  to the g r e a t e s t  deg ree  3-5 m m  af te r  in jec t ion  and the effect  l a s t ed  not 
m o r e  than 10 ram.  N o n a c h l a z m e  m a dose of 6 m g / k g ,  which is op t i ma l  for  m a m f e s t a t m n  of i ts  a n t l a n g m a l  
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Fig. 2. Effect of nonachlazine in doses of i mg/kg  (A) and 
6 mg/kg  (]3) and also of oxyfedrine in a dose of 1 mg/kg  (C) 
on charac te r i s t i c s  of single responses  in renal  nerve to s t im-  
ulation of NT. Averaged responses  to 20 stimulations at in- 
te rva ls  of 4 sec.  Duration of s t lmuh i msec ,  amplitude 15 V. 
]3egmmng of each t race  eoincMes with apphcation of st imulus.  
Calibration: 50# V, 200 msec .  Top par t  of figure: 1) before 
injection of drug, 2, 3, 4, 5) 5, 10, 20, and 40 rain respect ively  
af ter  injection. ]3ottom part  of figure: abscissa ,  dynamics of 
change in a rea  beneath curve of A- r e sponse s  (a) and C - r e -  
sponses (b) under influence of drugs (in % of initial level before 
injection); ordinate,  t ime (in rain). 

p roper tms  [5, 11], strengthened by 32u/0 the dep re s so r  response of ]3P and weakened by 51% the p r e s s o r  reflex 
of ]3P. The inhibitory effect of nonachlazme reached a maximum between the 7th and 10th minutes and it con- 
tinued for 20-30 rain. The central  origin of the action of the drug is indicated by the fact that this inhibition of 
vasomotor  ref lexes was evoked by a smal le r  close of nonachlazme when injected into the carotid a r t e ry  (Table 
1). With its st imulating action on ;~-adrenerglc  s t ruc tures ,  nonachlazine can interfere in adrenergic  p rocesses  
and produce a significant increase  in the noradrenal in concentration in t issues of the myocard ium and brain 
[4]. It can therefore  be suggested that the actmn of the drug on the brain s t ruc tures  is mediated through nor-  
adrenahn .  In o rder  to shed hght on this problem ser ies  of experiments  were car r ied  out to study the eft ect of 
nonachlazine on vasomotor  ref lexes af ter  exhaustion of ca techolammes by reserp ine ,  injected 3 h before the 
nonachlaz,ne. The resul ts  of the experiments  of se r ies  II and IV (Table 1) showed that the activating action of 
a small  dose of nonachlazme is completely abohshed by previous admimstra t ,on  of reserp ine ,  whereas  the ef- 
fect  of large doses of nonachlazine remained unchanged. These facts may serve as the basis  for the conclu- 
mon that the activating effect of the drug is evidently mediated through catecholamines,  whereas  its inhibitory 
effect,  manifested in large doses,  is connected with a d i rec t  action on adrenergm s t ruc tures  of the brain.  This 
conclusion is supported by the fact  that after  p r e h m m a r y  blockade of the ~ - ad rene rg i e  s t ruc tures  of the brain 
by propranolol  in a dose of 3 mg/kg,  nonachlazme had no inhibitory action on vasomotor  ref lexes .  

By contras t  with nonachlazme, oxyfedrine had no actlvat ,ng effect. In a dose ot 0.3 mg/kg,  the threshold 
level tor  manttestat lon ot its antiangmal proper t ies  [5, 11], oxyfedrme did not aftect the charac te r  or  magm-  
tude of the vasomotor  ref lexes.  With an increase  in the dose to 1 mg/kg  oxyfedrine, like nonachlazme, but to 
a much l e s se r  degree,  inhibited the reflex change in ]3P evoked by stimulation of both A- and A + C - f i b e r s  of 
NT. Similar  inhibition of ]3P ref lexes was evoked by a smal le r  dose of oxyfedrme injected mi r a - a r t e r i a l l y  
(Table 1). Against  the background of reserp ine ,  oxyfedrme p rese rved  its inhibitory effeetbut, on the other  
hand, propranolol  prevented the inhibitory action of oxyfectrme. It can accordingly be concluded that the t en -  
t ra l  effect ot oxyfedrme is evldendy assoemted with its influence on adrenergm brain s t ruc tures .  

Changes in ]3P in response  to stimulation of spinal nerves  are  known to be connected with reflex changes 
in activity of postganglionic sympathetic neurons [10, 14]. Analysis  of the effects of nonachlazine and oxyfedrine 
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on tonic and re f lex  r e s p o n s e s  in the rena l  nerve ,  which cons is t s  chiefly of va socons t r i c t o r  f ibe r s  [10], can 
the re fo re  shed light on the mechan i sm of achon of these  drugs on p r o c e s s e s  of cen t ra l  regulat ion of the c i r cu -  
lation. 

Typmal  t r a c e s  of tome and evoked ac t iv i ty  r eco rded  m the rena l  nerve  in r e sponse  to repe t i t ive  s t imula -  
tion of A + C - a f f e r e n t s  of NT with a f requency of 1 Hz a re  given in Fig.  1. They show that nonachlazine,  in a 
dose of 1 rng/kg,  had p r a e h c a l l y  no effect  on tonic act ivi ty,  but at the same  h m e  it inc reased  the intensi ty of 
the C - r e f l e x e s  (Fig. 1A). Each oi the evoked r e s p o n s e s  consis ted  of exc i t a to ry  and inhibi tory components  [10, 
14]. It can be tenta t ively  suggested that nonachlazme,  in smal l  doses ,  ve ry  slightly potentiated the inhibi tory 
component  of the A - r e s p o n s e  and, at the s a m e  t ime,  weakened the intensity of the C - r e s p o n s e .  Thin m shown 
m o r e  c l ea r l y  st i l l  by the t r a c e s  of averaged  single evoked r e s p o n s e s  (Fig. 2A). In the d m g r a m  of the re la t ive  
change in intensity of the A-  and C - r e s p o n s e s  given in Fig.  2A (the a r e a s  beneath the curve  of the responses )  
potentiation only of the A - r e s p o n s e  can be seen during the f i r s t  5 min a f t e r  injection of nonachlazme and a sma l l  
and not s~gnfficant i nc rease  in both components  during the next 10 min.  

An inc rease  m the dose of nonachlazme to 6 m g / k g  led to mhlbl tmn of tonic achv i ty  in the sympathe t ic  
nerves ,  e x p r e s s e d  as a reduct ion in ampli tude and f requency of the d m c h a r g e s  (Fig. 1B, a). In addition, the 
drug cons iderably  inhibited evoked d ischarges ,  e specml ly  A - d i s c h a r g e s ,  o r  even caused them to d i sappear  
comple te ly .  During r epe t ihve  s t imulat ion of ~ T  with re la t ive ly  low f requency (0.5-1 Hz) omiss ion  of -A-d is -  
cha rges  took place.  T r a c e s  of ave raged  r e s p o n s e s  c l ea r ly  show that nonachlazme inhibited ~he long- la tency 
par t  of the A - r e s p o n s e ,  whmh is d~e to shmula t ion  of s lowly-conduct ing af ferent  A6- f ibe r s  of I~T conducting 
nervous nnpulses  with a veloci ty of under 15 m / s e e  (Flgo 2B). The max ima l  inhibitory effect  of the drug was 
mani fes ted  a f t e r  10 rain and the total  durat ion of its action was not l ess  than 40 rain. 

It  is difficult at p resen t  to say whether  the inhibi tory effect  of nonachlazJne is connected with shmula t ion  
o r  blockade of ~ - a d r e n e r g l c  s t ruc tures~  The r e su l t s  of expe r imen t s  on waking ammal~  [9], whmh showed that 
nonachlazine in a dose of 6 m g / k g  can inhibit the pulse r e s p o n s e s  of the hear t  ~o : sopro te reno l ,  i .e. ,  that bes ides  
its abil i ty to s h m u l a t e / ~ - a d r e n e r g i c  s t r u c t u r e s  nonachlazine can also weaken their  sens i t iv i ty  to iospro te renol ,  
a r e  in teres t ing  in thin context.  Cer ta in  f l - a d r e n o b l o c k e r s  a re  known to inhibit tonic and re f lex  achv i ty  m s y m -  
pathetic nerves  in the s ame  way [13]. It can t he re fo re  be postulated that the inhibitory ac tmn of nonachlazine 
depends on a dec r ea s e  in the sens ihv i ty  of the fl - a d r e n e r g i c  struct.~res of the bra in  to ca techolamines .  

Oxyfedrme  m a dose of 1 m g / k g  also had an inhibitory action on tonic d i scha rges  and re f lex  r e sponses  in 
sympathe t ic  nerves  (Fig. 1C). However,  tmlike nonachlazine,  it inhibited the exc i ta tory  m e c h a n i s m s  of ac t iva -  
tion of va socons t r i c t o r  neuro,~s by a g r e a t e r  degree  than the rahab!tory m e c h a m s m s  and , under these c i r c u m -  
s t ances ,  it did not exhibit  s e l ec t iw ty  m re la t ion  to A-  or  C - r e s p o n s e s  (Fig. 2C). The m a x i m a l  effect  of the 
drug  was mani fes ted  at  the 5th-7th minute and the total  duration of ~ts action did noi exceed 20 rain. 

Nonachlazine thus has a se lec t ive  effect  on re f lex  r e s p o n s e s  f rom high- threshold  a f fe ren t  h b e r s  conducting 
p r i m a r y  pain s ignals  into the CNS. Oxyfedrine does not pos se s s  such se lec t iv i ty .  An at tack of angina is known 
to be accompanied  by s ym p t om s  of a c h v a h o n  of the sympathe t ic  nervous sy s t em.  It can accordingly  be pos tu la t -  
ed that  mhlb~tion of sympathe t ic  tone due to nonachlazine may  play an impor tan t  ro le  in the m e c h a m s m  of se l f -  
l imitat ion of the sympa thomimet i c  p rope r t i e s  of the drug. Another  poss ibi l i ty  is that inhibition of impulses  of 
pain modal i ty  fac i l i ta tes  the manifes ta t ion  of its ant iangmal  effect .  
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EFFECT OF NONACHLAZINE ON ATP, ADP, AND LACTIC 

ACID CONCENTRATIONS IN THE INTACT AND ISCHEMIZED 

MYOCARDIUM 

A. I. Turilova, T. N. Azvolinskaya, 
and S. A. Kryzhanovskii 

U DC 616.127-005.4-092.9-07:616.127-008.939. 
633.2 -02:615.224:547.869.2 

KEY WORDS: heart;  ischemia;  nonachlazine; adenine nueleotides; lact ic  acid. 

Nonachlazine is a new and original drug synthesized in the Institute of Pharmacology,  Academy of Medical 
Sciences of the USSR. The resul t s  of clinical t r ia ls  have shown that nonachlazine is an antianginal agent d is -  
t inguished by its high eff icacy in the t rea tment  of ischemic hear t  disease [3, 4, 11, 12]. Experimental  studies 
have shown that an important  role in the mechanism of the antianginal effect of nonachlazine is played by its 
effect  on adrenerg ic  p r o c e s s e s  of regulation of the circulat ion and cardiac  activity [5]. Nonachlazine increases  
the noradrenal in  concentrat ion and activity of phosphorylase "a" in the myocard ium [6]. These findings sug-  
gest  that the beneficial effect of nonachlazine is evidently associa ted with its ability to activate adrenergic  
mechan isms  in the regulation of glyeogenolysis .  

In accordance  with the facts descr ibed above, and taking into account data showing that i schemia leads to 
a decrease  in the ATP concentrat ion in the myocard ium [2, 14, 15], it was decided to study the effect of non- 
achlazine on the concentrat ions of ATP,  ADP, and the end product  of glycogenolysis  - lact ic  acid - in the intact 
and i schemized  myocard ium.  

TABLE 1. Concentration of ATP,  ADP, and 
Lact ic  Acid (in #mole s /g  wet weight of tissue) 
in Cat Myocardium (M �9 m) 
Series 
of ex- 
peri- 
ments 

I 

II 

III 

IV 

Experimental 

Control 

Nonachla - 
zinc, 6mg/k~ 

Acute 
ischemia 

Acute is- 
chemia + 
nonachla- 
zine, 6 
mg/kg 

ATP 

4,49~0,76 
5,25--3,73 
4,31~0,85 
5,16--3,46 
3,69-+-0,13' 
3 82.3,56 
4',60• 1,08~ 
5,68--3,52 

ADP 

1,05:~0,33 
1,38.0,72 
1,07~0,47 
1,54-0,60 
1,53:L0,24" 
1,77-1,29 
1,57~0,54 
2,11-1,03 

Lactic acid 

3,22=i=0,08 
3,30-3,14 
3,51 +__0,44 
3,95-3,07 
7,34=k3,01" 
10,35.4,33 
4,25~0,807 
5,05.3,45 

*Results statistically significant compared 

with control (P -~ 0.05). 
~Results s ta t is t ical ly  significant compared 
with experiments  with acute ischemia (P _ 
0.05). 
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