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The authors  previous invest igat ions have shown that following a single i n t r a m u s c u l a r  injection of 
sympa thomimet i c  amines ,  of both the ca techolamine  (adrenalin,  noradrenal in ,  isoprenal ine)  and the phenyl-  
a lkylamine  (ephedrine,  amphetamine)  type into ra t s ,  foci of nec ros i s  a r e  obse rved  in the myoca rd ium,  the 
s e v e r i t y  of which in these  expe r imen t s  was g r ea t e s t  a f t e r  injection of adrenal in  and i soprena l ine  and l eas t  
a f t e r  injection of noradrena l in  and amphe tamine .  It was concluded f r o m  a pharmacolog ica l  ana lys i s  that  
the injurious effect  of the sympa thomimet i c  amines  is independent of the i r  effect  on the blood ves se l s  of 
the hear t ,  and is a r e su l t  of d i rec t  act ion on the adrenerg ic  s t ruc tu re s  of the myoca rd ium [1, 3]. 

This  ana lys i s  was continued in the p re sen t  invest igat ion.  I ts  object  was to de te rmine  whether  the 
adrenerg ic  s t r u c t u r e s  of the myocard ium,  exci tat ion of which with la rge  doses  of sympa thomime t i c  drugs  
leads to the production of foci of myocard ia l  nec ros i s ,  belong to the ~ -  or  f l - r e c e p t o r s  [6]. 

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

Exper imen t s  were  c a r r i e d  out on male  r a t s  weighing 200-250 g. The tes t  subs tances  were  injected 
in t r amuscu la r ly .  Two days  l a t e r  the an imals  were  decapi tated,  the hear t  was r emoved  and fixed in 12% 
formal in  solution, and then embedded in paraff in  wax. Sections were  cut t r a n s v e r s e l y  at  the level  of the 
papi l la ry  musc les  and s tained with hematoxy l in -eos in  or  with p icrofuchsin  (by Van Gieson ' s  method).  

To obtain expe r imen ta l  myocard ia l  nec ros i s  adrenal in,  noradrenal in ,  and i soprenal ine  were  used. 
The subs tances  were  injected at a single dose  of 0.5-0.8 ml of the 1:1000 solution per  animal .  TO act  on 
the myoca rd ium with endogenous ad rene rg ic  subs tances  sec re t ed  at the endings of the card iac  s y m p a t h e -  
tic f ibe rs  during excess ive  s t imulat ion,  methods were  developed for  obtaining neurogenic  degenera t ive  
changes by the s te l la te  ganglion [2] and the a r ch  of the ao r t a  [4]. 

Sympatholytin was used  as the c~=blocking agent and d ich loro i sopro te reno l  as the f l -blocking agent.  

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  

The expe r imen t s  showed that injection of adrenal in  and i soprena l ine  in the above doses  caused n e c r o -  
s is  of the myoca rd ium in 100% of cases ,  s t imulat ion of the a r ch  of the ao r t a  in 85%, and s t imulat ion of the 
s te l la te  ganglion in 52% of ca ses .  

The use  of ~ -  and f l -b locking agents dur ing development  of nec ros i s  of the m y o c a r d i u m  produced by 
var ious  methods and subs tances  gave dif ferent  r e su l t s .  

E x p e r i m e n t s  w i t h  t h e  a - B l o c k i n g  A g e n t  S y m p a t h o l y t i n  

Sympatholytin was injected i n t r a m u s c u l a r l y  in a dose of 10 m g / k g  30-50 min before  injection of h a r m -  
ful doses  of sympa thomimet i c s  or  appl icat ion of excess ive  s t imula t ion  to the sympathe t ic  nervous  s y s t e m .  
Sympatholytin was injected in good t ime,  because  accord ing  to data obtained by R. A. Khaunina [5], the 
sympatholyt ic  effect  of this drug developed slowly and pe r s i s t s  for  s e v e r a l  days.  

Exper imen t s  with Adrenal in .  The r e su l t s  of these  exper iments  (see table) showed that sympa tho ly -  
tin not iceably prevents  development  of adrenal in  nec ros i s  of the myocard ium.  In only 4 of 11 ca se s  were  
so l i t a ry  col lect ions of cel ls  observed,  concent ra ted  mainly  in the pap i l l a ry  musc le s ,  whereas  in the a n i -  
ma l s  rece iv ing  adrenal in  alone, m a s s i v e  and mult iple  col lect ions of cel ls  we re  obse rved  in all  the 
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Effect of Agents Blocking ~ -  and f l -Receptors  on Development of Experimental  Myocardial  Necros is  

No. of ] Necros is  
expts. 

severe  slight 

E x p e r i m e n t s  

+ adrenalin 

+ noradrenal in  

Adrenalin 
Sympatholytin 
Sympatholytin 
Noradrenal in 
Sympatholytin 
Sympatholytin 
Stimulation of 
Sympatholytin 
Sympatholytin 
Stimulation of 
Sympatholytin 
Sympatholytin 

w i t h  

stellate ganglion 
+ st imulation of stellate ganglion 

a rch  of aor ta  
+ stimulation of a rch  of aor ta  

s y m p a t h o l y t i n  

11 
11 
11 
10 
21 
11 

8 
12 

7 
19 
16 

5 

b l o c k i n g  

11 
0 
0 
2 
7 
0 
0 
0 
0 
7 
2 
0 

a - r e c e p t o r s  

o 

4 

o 

4 

3 

o 

4 

0 

o 

8 

3 

2 

E x p e r i m e n t s  

Isoprenaline 
Dichloroisoproterenol  + isoprenaline 
Dichloroisoprote renol 
Dichloroisoproterenol  + adrenal in 
Stimulation of a rch  of aor ta  
Dichloroisoproterenol  + st imulation of arch  of aor ta  

w i t h  d i c h l o r o i s o p r o t e r e n o l ,  b l o c k i n g  f l - r e c  

15 15 
14 1 

4 0 
7* 0 
9 3 
7 5 

* 6 r a t s  died a few minutes af ter  injection of adrenalin f rom pulmonary edema. 

e p t o r s  

0 
8 
0 
0 
6 
2 

absent 

0 
7 

11 
4 

11 
11 
4 

12 
7 
4 

11 
3 

experiments  throughout the thickness of the myocardium.  In the animals receiving sympatholytin alone, 
in the dose given above, no visible morphological  changes were found in the myocardium. 

Exper iments  with Noradrenalin.  These experiments  were ca r r i ed  out on 41 r a t s :  10 ra ts  were used 
as controls  for  injection of noradrenalin,  11 for injection of sympatholytin, and 21 rats  received an injec-  
tion of sympatholytin before one of noradrenal in  (see table). Of the 10 animals receiving noradrenal in  
alone, necrot ic  changes in the myocardium were observed in 6, but only in 2 of these was the necros i s  
severe ,  and in 4 animals only so l i ta ry  collections of cells and disintegration of individual groups of mus -  
cle f ibers were  observed.  In 4 cases  no morphological  changes were found in the myocardium.  In the 
group of animals receiving sympatholytin first ,  well marked necros is  was observed in 7 cases ,  slight ne-  
c ros i s  in 6, and no necros i s  in 8 cases .  When sympatholytin alone was given, no changes were  found in 
the myocardium.  

Experiments  with Stimulation of the Stellate Ganglion and Arch of the Aorta.  These experiments  
showed that the pre l iminary  injection of sympatholytin 20-50 min before t rauma to the stellate ganglion 
had a marked preventive effect on development of degeneration in the myocard inm usually observed af ter  
this procedure (see table). 

Similar resul ts  were obtained in experiments in which the arch  of the aor ta  was stimulated. Sym- 
patholytin has a marked preventive action on the development of reflex degeneration of the myocardium. 

E x p e r i m e n t s  w i t h  t h e  f l - B l o c k i n g  A g e n t  D i c h l o r o i s o p r o t e r e n o l  

Experiments  with Isoprenaline.  As shown above, the a - sympathomimet ic  drug isoprenaline,  in a 
dose of 0.5-0.8 mg per  animal, caused extensive necroses  of the myocardium in 100% of cases  in these ex-  
per iments .  P re l imina ry  injection of the fl-blocking agent dichloroisoproterenol  (3-10 mg/kg) largely  pre-  
vented or  reduced the sever i ty  of the necros i s  produced by isoprenaline.  The resul ts  obtained are  given 
in the table. 
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Exper imen t s  with Adrenal in.  In this s e r i e s  of exper imen t s  d ich lo ro i sopro te reno l  was injected in a 
dose of 1-3 mg pe r  an imal  15-20 rain before  inject ion of an injurious dose of adrena l in  (0.5 mg). Of 7 an i -  
mals  rece iv ing  p r e l i m i n a r y  inject ion of d ich lo ro i sopro te reno l ,  6 died a few minutes a f t e r  injection of 
adrenal in  f rom pu lmonary  edema.  One ra t  was ki l led two days  la ter ,  and mic roscop i c  examinat ion r e -  
vealed no changes in the myoca rd ium.  Injection of d ich loro i sopro te reno l  alone, even in l a rge  doses  (up to 
10 rag) had no apprec iab le  effect  e i ther  on the behav io r  of the an imals  or  on the morphologica l  picture  of 
the myoea rd ium (see table).  Because  of this sha rp  inc rease  in mor ta l i ty  following combined a d m i n i s t r a -  
tion of d ich loro i sopro te reno l  and adrenal in ,  i t  was imposs ib le  to t es t  a wider  range of doses  and to draw 
conclusions regard ing  the prevent ive  effect  of d ieh lo ro i sopro te reno l  on the production of myoca rd i a l  n e c r o -  
s i s  by adrenal in .  

Exper imen t s  with E lec t r i ca l  Stimulation of the Arch  of the Aor ta .  P r e l i m i n a r y  inject ion of d ich lo ro -  
i sopro te reno l  in a dose of 5-10 mg /kg  30-50 min before  the beginning of e l ec t r i ca l  s t imulat ion of the aor t ic  
arch,  and then again in the s a m e  dose dur ing s t imula t ion  had no pro tec t ive  act ion on the m y o c a r d i u m  (see  
table). 

When s u m m a r i z i n g  the r e su l t s  of the s e r i e s  of exper imen t s  with the f i -b locking agent  d i ch lo ro i so -  
proterenol ,  it has a marked  protect ive  effect  on les ions  of the myoca rd ium produced by the c~-sympatho- 
mimet ic  drug isoprenal ine ,  but has no protec t ive  act ion against  myocard ia l  damage  produced by the endo-  
genous sympa thomimet ic  med ia to r  amine .  

As these  expe r imen t s  showed, myocard ia l  degenera t ion  may be obtained by the act ion of s y m p a t h o -  
mimet ic  d r u g s - n o r a d r e n a l i n ,  affect ing a - r e c e p t o r s ,  and isoprenal ine ,  affect ing f l - r e c e p t o r s - o n  the m y o -  
aa rd ium.  Adrena l in  acts  on both ~ -  and f l - r e c e p t o r s .  In these  expe r imen t s  the s t ronges t  and mos t  con-  
stant  injurious effect  was obse rved  when adrena l in  and i soprenal ine  were  injected,  suggest ing that  e x c e s -  
sive s t imulat ion of s - r e c e p t o r s  causes  in jury  to the myocard ium.  Inject ion of noradrena l in  or  exposure  
of the myoca rd ium to the act ion of endogenous med ia to r  ca techolamines  l ibera ted  at the endings of the c a r -  
diac sympathet ic  ne rve  f ibers  in r e sponse  to excess ive  s t imulat ion,  also lead to changes in the myoca rd ium,  
although of a l e s s  s eve re  degree .  Bear ing  in mind the accepted  view that noradrena l in  is  the med i a to r  of 
sympathe t ic  nervous  impu l ses  in the hea r t ,  in e i ther  ease  evident ly  influences act ing on a - r e c e p t o r s  a r e  
predominant ,  so that the ef fec ts  obtained a r e  s i m i l a r  in the i r  end r e su l t s .  On the o ther  hand, the e~-block 
ing agent  sympatholyt in  has  a marked  prevent ive  act ion on adrena l in -  and no rad rena l in -  induced and neu ro -  
genie les ions of the myocard ium,  or  as the fl -blocking agent d ich lo ro i sopro te reno l  gives an effect  in the 
case  of lesions produced by the a - s y m p a t h o m i m e t i c  drug  i soprenal ine  but has  l i t t le ef fec t  on r e f l ex  d a m -  
age to the myocard ium.  These  resu l t s  sugges t  that myocard ia l  nec ros i s  may  resu l t  f r o m  exci ta t ion of 
both the a -  and the f i - r e c e p t o r s  of the myoca rd ium.  
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3. 
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