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In recen t  years  the role  of the p r e s s o r  amines (adrenalin and noradrenalin)  in the pathogenesis of 
essent ial  hypertension,  angina pector is ,  and other d iseases  associa ted  with dis turbance of vascu la r  tone 
has been established [2, 17]. The work of Soviet and other  invest igators  has shown that the action of c e r -  
tain hypotensive drugs is due to their  in ter ference  in the p rocesses  of synthesis ,  deposition, l iberation,  
and inactivation of catecholamines in adrenerg ic  s t ruc tu res  [1, 5, 8, 18]. 

Reserpine  is known to lower the concentrat ion of catecholamines  in various t issues [15, 18]. This 
effect is due to two fac to rs :  their  influence on the cent ra l  nervous sys t em [7] and their  d i rec t  action on 
the per iphera l  t issue depots of these amines [16]. The question of which influence is predominant is a 
ma t te r  fo r  debate. According to the observat ions of Stitzel and co -worke r s  [20], the action of a single 
dose of r e se rp ine  on the adrenals  is the resu l t  of st imulation of the cent ra l  nervous sys tem;  so far  as the 
effect of r e se rp ine  on the catecholamines depot in the hear t  muscle  is concerned,  its d i rec t  per iphera l  
action is predominant .  This cor responds  to the t ransformat ion  of noradrenal in  f rom the bound into the 
f ree  fo rm,  followed by its deamination with monoamine oxidase ~IAO) [8, 18]. 

In connection with the foregoing facts it was interest ing to investigate the effect of gangl ion-block-  
ing agents,  sympatholytic drugs and monoamine oxidase inhibitors (as the nonhydrazine ser ies ) ,  used as 
hypotensive drugs on the l iberation and deposition of catecholamines in organs receiving a sympathet ic  
nerve  supply, and on the action of r e se rp ine  in "exhausting" the eatecholamines in the hear t  muscle  and 
adrenals .  

To give fur ther  information on the ability of these substances to influence the l iberation of n o r -  
adrenalin f r o m  sympathet ic  nerve  endings, exper iments  were  c a r r i e d  out on adrenatec tomized cats  and 
on cats  with intact  adrenals  in which a p r e s s o r  effect appeared on adminis t rat ion of the ganglion s t imul -  
a tor  dimethylphenylpiperazine iodide (DMPP). 

EXPERIMENTAL METHOD 

Experiments were carried out on rats of both sexes weighing 150-200 g. Cateeholamines were 
determined in the heart muscle and adrenals by V. O. Osinskayats fluorescence-analysis method with 
slight modifications [4, 14]. The total content of catecholamines in the heart muscle was expressed in #g 
adrenalin base per g ram f r e sh  t issue,  and the content of adrenalin in the adrenals  in ~g adrenalin base 
per  weight of 2 adrenals ,  ref lect ing the content of adrenalin in the medulla more  accura te ly .  The ra ts  
took par t  in the experiment  at var ious intervals of t ime af ter  adminis t rat ion of the prepara t ions .  Adrenal -  
ec tomy was ca r r i ed  out on cats  in t raper i toneal ly  under u r e t h a n e - c h l o r a l o s e  anesthesia .  The blood p r e s -  
sure  was recorded  with a m e r c u r y  manometer  by the usual method. 

Reserpine  (2 m g / k g  in t ramuscular ly)  was injected 16-18 h before decapitation of the ra t s ,  pyri lene 
(1, 2, 2, 6, 6 ,-pentamethylpiperidine toluenesulfonate; 350 m g / k g )  3 h before  the experiment,  ornid (ortho- 
b romobenzyl -N,N-d imethy l -N-e thy lammoninm bromide;  50 m g / k g  intraperi toneally)  1 h before the exper i -  
ment, and MAOI inhibitor ~IAOI) f r o m  the group of propinylamine der ivat ives ,  conventionally named OCP 
(N-or thochlorobenzyl -N-methyl -2-propinylamine  hydrochlor ide;  100 mg/kg ) ,  15-16 h before the exper i -  
ment.  In the case  of combined adminis t ra t ion of r e se rp ine  and the above-ment ioned preparat ions ,  the 
following scheme of adminis t ra t ion was used: pyri lene (350 m g / k g  subcutaneously) was given once 1 h 
before  injection of r e se rp ine  in a dose of 2 m g / k g ,  ornid (30, 20, and 20 m g / k g  intraperi toneally)  was 
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TABLE 1. Effect  of Pyr i lene,  Ornid, and OCP on Concentrat ion of Catecholamines in Heart  Muscle 
and of Adrenalin in Adrenals of Rats (M ~ m) 

Prepara t ion  

Control  

Pyr i lene  

Ornid 

OCP 

Dose (in mg/kg)  and t ime 
(in hours af ter  injection 
of preparat ion 

350; 3 

50; 1 

100; 15-16 

L e g e n d :  

Total concentrat ion of 
catecholamines in myo-  
cardium (in ~g n o r a d r e -  

n a l i n / g  f r e s h  t i s s u e )  

1.73 • 0.024 
n = 24  

2.77 • 0.125 
n = 13 

1.86 • 0.09 
n = 9  

2.03 • 1 
n = 8  

here  and in Table 2,n represen ts  number  of experiments .  

Concentrat ion of a d r e n -  

a l i n  in adrenals  (in p g 
adrenalin per  wt. of 2 
adrenals)  

13.57 ~- 1.0 
n = 1 6  

21.03 ~ 1.62 
n =  12 

9.19 :~ 0.33 
n = 9  

TABLE 2. Effect of P r e l im ina ry  Injection of Pyr i lene,  Ornid, and OCP on 
Concentrat ion of Catecholamines in Myocardium and of Adrenalin in Adrenals  
of Reserpinized Rats (M • m) 

Prepara t ion  

Control  

Reserpine  

Reserpine  + pyri lene 

Reserpine  + ornid 

Reserp ine  + OCP 

Total concentrat ion of 
catecholamines in hear t  

muscle  (in #g  noradren-  
a l i n / g  f resh  tissue) 

1.73 • 0.024 
n = 2 4  

0.71 • 0.057 
n = 9  

1.17 • 0.04 
n = 7  

1.19 • 0.04 
n = 9  

1.16 • 0.03 
n = 7  

Concentration of adrenalin 
in adrenals  (in pg no rad ren -  
alin per  weight of two 
adrenals)  

13.57 + 1.0 
n = 16 

6.14 • 0.67 
n = 9  

7.55 • 0.7 
n = 7  

6.72 • 0.72 
n = 9  

given 1 h before  injection of rese rp ine ,  6 h af ter  the f i r s t  injection, and 1 h before decapitation, and OCP 
(100 m g / k g  int ramuscular ly)  was given 2-3 h before injection of reserp ine .  

The doses and t ime intervals af ter  injection of the preparat ions  were  chosen on the basis  of data 
in the l i tera ture  and resul ts  obtained by the authors in pre l iminary  experiments .  

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

Pyr i lene ,  3 h af ter  injection, and OCP,16 h af ter  injection increased  the content of catecholamines 
in the hear t  muscle  of intact ra ts ,  and the adrenalin content in the adrenals  was also increased  bypyr i lene .  
One hour af ter  injection of ornid no changes were observed in the content of catecholamines in the hear t  
muscle ,  while the adrenalin level in the adrenals had fallen (P < 0.05). The resul ts  a re  summar ized  in 
Table 1. 

F r o m  16 to 18 h af ter  injection of reserp ine  in a dose of 2 m g / k g  a marked dec rease  in the total 
concentra t ion of catecholamines in the hear t  muscle  and of adrenalin in the adrenals was observed.  P r e -  
l iminary  injection of the tes t  substances by ~the scheme descr ibed above did not complete ly  prevent,  but 
considerably  inhibited,the development of the exhaustive action of r e se rp ine  on the eatecholamine depot 
in the hear t  muscle .  Administrat ion of ornid did not change the action of r e se rp ine  on the adrenalin r e -  
s e rves  in the adrenal  medulla, but pyri lene showed a tendency to inhibit the rese rp ine  effect. 
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The resul ts  of this se r i e s  of experiments  a re  given in Table 2. Intravenous injection of DMPP is 
known to be accompanied by a p r e s s o r  react ion due to two fac to rs :  r e lease  of adrenalin f r o m  the adrenals  
and l iberation of media tors  (mainly noradrenal in)  f r o m  depots located in the sympathet ic  nerve  endings 
[9]. The influence of the f i r s t  f ac tor  was eliminated in the adrenalec tomized animals .  Substances in- 
fluencing l iberation of noradrenal in  f r o m  the nerve  endings natural ly  modif ied to some extent the r e -  
action to DMPP.  

Ornid, in a dose of 10 m g / k g ,  given 1 h before  injection of DMPP to intact animals ,  did not change 
or  sl ightly increased  the p r e s s o r  react ion to DMPP. These resu l t s  a re  in agreement  with the ol~serva- 
tions of E. S. Rozovskaya [3]. In adrenalec tomized  cats the same  dose of ornid 30 min and 1 and 2 h af ter  
injection completely  or  a lmost  complete ly  abolished the elevation of blood p r e s s u r e  in response  to in jec-  
tion of DMlJP, whereas  adrenalee tomy itself  did not affect  this react ion.  In these same  conditions the 
react ion to injection of noradrenal in  pers is ted .  

Similar  resu l t s  in adrenaleetomized cats  were  also obtained af ter  p re l iminary  injection of the p ro -  
pinylamine der ivat ive pargi l in (50 m g / k g  for  4 days,  5th injection 2 h before  adrenalectomy) .  

It was found that the hypotensive drugs of different chemica l  s t ruc tu re  and mechanism of action 
inhibited the WexhaustingW action of r e se rp ine  on the catecholamine r e s e r v e s  in the hear t  muscle  when 
injected s imultaneously.  At the same  t ime,  these drugs had no effect on the action of r e se rp ine  on the 
adrenal  medulla.  It  may be supposed that the main ro le  in the action of these substances on r e se rp ine  
effects in relat ion to the catecholamine depot of the hear t  muscle  is played not by r emova l  of nervous 
influences (which may take place to some extentwhen ganglion-blocking drugs a re  used) but to their  d i rec t  
action on the r e s e r v e s  of p r e s s o r  amines in the hear t  muscle .  Because the effects of pyri lene,  ornid, and 
MAOI on rese rp in ized  cats  have common fea tures ,  it may  be concluded that the mechanism of their  action 
also possesses  a common a s p e c t -  ability to inhibit l iberation of mediator  f r o m  sympathet ic  nerve  endings. 
In the l i te ra ture  this action is called bre ty l ium-l ike ,  because  bre ty l ium (the Western analogue of ornid) 
possesses  antiguanethidene and ant i reserp ine  activity,  while the sympatholytic action of b re ty l ium (ornid) 
is regarded  as the resu l t  of inhibition of l iberation of media tor  f r o m  sympathet ic  ne rve  endings [8]. So 
fa r  as the effect of MAOI on this p rocess  is concerned,  it can be considered that it is due to some extent 
also to blocking of the enzyme although, according to observat ions  of Gessa and co -worke r s  [10], MAOI 
possess  bre ty l ium-l ike  action in doses which do not block MAC. 

Confirmation of the above observat ions was obtained in experiments on adrenalec tomized cats .  
Ornid and MAOI diminished or  complete ly  abolished the p r e s s o r  react ion to DMPP, demonst ra t ing their  
ability to influence the l iberation of neurohormones  f rom sympathetic nerve  endings. 

It has also been shown that pyri lene and ornid differ in their  effects on the catecholamine depot in 
the myocard iam of intact animals .  The reason for  this is evidently that gangliolytics inhibit l iberation of 
labeled noradrenal in  f r o m  the r a t ' s  hear t  [12] and intensify its absorpt ion in depots [6], whereas  bre ty l ium 
(ornid} inhibits both p rocesses  [13]. Probably  for  this reason  the total content of catecholamines  in the 
myocard ium remains  unchanged af ter  a single injection of ornid. These findings a re  in agreement  with 
the resul ts  of work by Trinus [4] on the rabbi t ' s  aor ta .  In con t ras t  to ganglion-blocking drugs (pyrilene), 
ornid does not inhibit the chromaff in  t issue of the adrenals ,  as a resul t  of which it evidently reduces  the 
r e s e r v e s  of adrenalin in the medulla.  The p r i m a r y  p r e s s o r  react ion after  adminis t rat ion of bre ty l ium 
(ornid) to cer ta in  species  of animals may be associa ted with this phenomenon [11]. This suggestion is con-  
f i rmed  by the fact  that in cats with intact adrenals  ornid does not block the react ion to DMPP, but may even 
intensify it slightly. 

It may  be concluded f r o m  these investigations that an important  ro le  in the hypotensive effect  of 
drugs differing in their  chemica l  s t ruc tu re  and cha rac t e r  of a c t i o n - o r n i d ,  pyri lene,  and O C P - i s  played 
by thei r  ability to influence catecholamine metabol ism by blocking l iberation of media tors  f r o m  sympathet ic  
nerve  endings. It is probable that this effect  is important  in the mechanism of the therapeutic ant ihyper-  
tensive action of these compounds.  

1. 

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

I. Sh. Zabirov and R. A. Khaunina, Pharmaco logy  of Drugs Blocking Adrenergic  Mediation [in 
Russian] ,  Frunze  (1964). 

1223 



2. A . L .  Myasnikov, In the book: Essential Hypertension [in Russian], 13, Moscow (1960). 
3. E .S .  Rozovskaya, In the book: Pharmacology of Cardiovascular Drugs [in Russian], 95, Kiev 

(1965). 
4. F . P .  Trinus, Experimental Investigations of the Mechanism of Action of Vascular Drugs, Author's 

Abstract of Doctorate Dissertation, Kiev (1965). 
5. K .M.  Khalimova~ In the book: Pharmacology and Toxicology [in Russian], 68, Moscow (1964). 
6. B. Bhagat, Arch. Int. Pharmacodyn., 146, 231 (1963). 
7. D. Bogdanski, F. Sulser, andB. B. Brodie, J. Pharmacol. Exp. Ther., 132, 76 (1961). 
8. B. Brodie and M. A. Beaven, Med. Exp., Basel, 8, 320 (1963). 
9. E. Costa and B. B. Brodie, J. Am. Geriat. Soc.,_~ 419 (1961). 

10. G . L .  Gessa, E. Cuenca,and E. Costa, Ann. New York Acad. Sci., 107,935 (1963). 
11. C.N.  Gillis and C. W. Nash, J.  Pharmacol. Exp,Ther., 134, 1 (1961). 
12. G. Hertting, J. Axelrod, and R. W. Patrick, Brit. J .  Pharmacol.,  18, 161 (1962). 
13. G. Hertting, L. Potter, and J. Axelrod, J .  Pharmacol. Exp.Ther. ,  136, 289 (1962). 
14. S.M. Kirpecar,  R. F. Cervoni, and R. Furchgott, Ibid., 135, 180. 
15. I . J .  Kopin, Pharmacol. Rev., 16, 179 (1964). 
16. G. Kroneberg and H. Schumann, Arch. Exp. Path. Pharmak, Bd 231, s. 349 (1957). 
17. W. Raab, Am. J. Cardiol., 9, 576 (1962). 
18. A . F .  de Schaepdryver, Actualites pharmacol., Paris,  226 (1963). 
19. P . A .  Shore, Pharmacol. Rev., 14, 532 (1962). 
20. R . E .  Stitzel, H. A.Campos, and F. E. Shideman, J.  Pharmacol. Exp. Ther., 149, 193 (1965). 

1224 


