
1. 
2. 
3. 
4. 
5. 

6. 

7. 
8. 
9. 

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

G. A. K. Dzhafarov,  Patol.  Fiziol . ,  Vo. 4, 70 (1961). 
I. K. Koryakina,  Patol .  Fiz iol . ,  No. 5, 73 (1964). 
I. K. Koryakina ,  T. L. Zaets ,  and V. I. Nikulin, 9yul l .  #ksp .  Biol. Med., V o. 12, 17 (1973). 
I. K. Koryakina,  S. V. Skurkovich,  and N. A. Fedorov ,  Patol .  Fiziol . ,  No. 5, 56 (1960). 
N. S. Murashova ,  "The  impor tance  of bae t e r e ln i a  in the pathogenesis  of toxemia of burns ,"  Candidates ' s  
Disse r ta t ion ,  Moscow (1968). 
R. V. Nedoshivina,  "The effect  of immunotherapy  on the functional s tate  of the kidneys and l iver  in the 
acute per iod of burns ,"  Candidate ' s  Disse r ta t ion ,  Moscow (1965). 
R. V. Nedoshivina,  Patol .  Fiz iol . ,  b~o. 2, 91 (1971). 
R. V. Nedoshivina,  Patol .  F iz io l . ,  No. 2, 39 (1972). 
N. A. Fedorov ,  B. E. Movshev,  R. V. Nedoshivina,  et al. ,  Vopr.  Med. Khim.,  No. 4, 371 (1974). 

E N D E R P I N E  L E V E L  IN T H E  M Y O C A R D I U M  OF A N I M A L S  

E X P O S E D  T O  S T R E S S  UDC 616.127-008.9:577.175.85]-02:616.45-001.1/ .3 

P .  P .  G a r y a e v ,  A .  V.  M i n i n a ,  
G.  A .  Z a k h a r k i n a ,  L .  G.  A l e k s a n d r o v a ,  
a n d  A .  M.  V i k h e r t  

ILEY WORDS: myocard ium;  enderpines;  s t r e s s .  

The w r i t e r s  showed prev ious ly  [1-3] that an imal  t i s sues  contain endogenous a lkaloid- l ike  subs tances  which 
influence vascu la r  tone and the card iac  f requency.  These  subs tances ,  isolated as three  ch romatograph ica l ly  
homogeneous f rac t ions ,  were  named RP1, RP2, and RP3, or  enderp ines .  It was suggested that they play the 
role  of r egu la to r s  of homeos t a s i s  of different  f o r m s  of ca techolamines  and indoleamines (free,  bound, and so on). 
The name "enderp ines"  is der ived f rom the words  "endogenous r e s e r p i n e s . "  

In the p resen t  investigation an a t tempt  was made to elucidate the function of the enderpines  by de te rmin ing  
changes in the content of these subs tances  in the myoca rd ium of an imals  exposed to s t r e s s :  immobil izat ion,  
subcutaneous injection of water  and adrenal in ,  and injection of a -me thy ldopamine .  

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 100 male  Wis ta r  r a t s  weighing 250-300 g. Isolat ion of the enderp ines  
f rom the myoca rd ium and the f i r s t  s tages  of their  purif icat ion were  ca r r i ed  out by the method descr ibed  p re -  
viously [1]. The enderpine content was de te rmined  f luo romet r i ca l ly  on the KIVI-3 c h r o m a t o g r a m - s p e c t r o p h o -  
t o m e t e r  ("Opton") with an excitat ion wavelength of 270 nm. F o r  this purpose,  in the last  s tages  of purif ication 
the enderp ines  were  isolated by ch romatography  on "Silufol" plates ("Caval ier")  in a sy s t em of a c t e o n e - c a r b o n  
t e t r a c h l o r i d e - i s o o c t a n e - p e t r o l e u m  e t h e r - n - p r o p a n o l  (25-25:25:25:50). Enderpines  RP1, RP2, and RP3 with 
e lec t rophore t ic  mobi l i t ies  of 0.78, 0.49, and 0.1 r e spec t ive ly ,  were  eIuted with a c h l o r o f o r m - m e t h a n o l  (2:1) 
mix tu re  and applied as spots 5 m m  in d i a m e t e r  to DC-Alufolien Kiese lge l  66-Kiese lguhr  F-254 pla tes  (" Merck") ,  
in the s a m e  way as enderp ines  of known concentrat ion to obtain cal ibrat ion curves .  The r e su l t s  were  expres sed  
in m i c r o g r a m s  RP1, RP2, and RP3 per  g r am wet weight of t i s sue .  

Rats  were  immobi l ized  by s t re tch ing  them by Se lye ' s  method for  3 and 24 h. Intact ra t s  se rved  as the 
control ,  a -Methy ldopamine  (dopegit, f r om "Egit")  was given to the exper imen ta l  r a t s  by mouth through a cathe-  
t e r  in the fo rm of a suspension of c rushed  table ts  in 2 mi  mi lk  in a dose of 0.5 rag/100 g body weight once daily 
fo r  3 days.  Adrenal in  b i t a r t r a t e  (from "Sigma")  was injected subcutaneously into the r a t s  io 1 ml  dist i l led 
wa te r  in a dose  of 0.8 ml /100  g body weight. Control  r a t s  rece ived  1 ml  of dist i l led water  subcutaneously.  The 
genera l  control  consis ted of intact an imals .  The ra t s  were  killed by a blow on the head. 
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TABLE 1. Concen t ra t ion  of Ende rp ines  (in # g / g  t i ssue)  in M y o e a r d i u m  of Rats Exposed  to 
I m m o b i l i z a t i o n  S t r e s s  (M • m) 

~ontrol 

32,19+- 1,46 
n:15 
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*) Difference compared with control significant at P < 0.05; n) number of expert- 
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F ig .  1. A) Ef fec t  of inject ion of ~ - m e t h y l d o -  
pamine  on concen t r a t ion  of enderp ines  in r a t  
m y o c a r d i u m  (in p g / g  t i s sue) .  Here  and in F ig .  
2: I) RP1,  II) RP2,  III) RP3.  Unshaded c o l u m n s -  
intact  an ima l s  (n = 10), shaded co lumns  - inject ion 
of c~-methyldopamine  (n=10) .  ]3. Changes  in con-  
cen t r a t i ons  o f  enderp ines  (in /~g/g t issue)  in m y o  
c a r d i u m  of r a t s  in r e s p o n s e  to subcutaneous  in- 
jec t ion  of wa te r  and adrena l in .  1) Intact  an ima l s  
(n=18);  2) subcu taneous  inject ion of wa te r  (n= 
10); 3) subcutaneous  in ject ion of ad rena l in  (n= 
i5). 

EXPERIMENTAL RESULTS 

Exposure of rats to stress in the form of immobilization for 3 h caused a sharp and significant (P< 0.01) 

increase in the contents of all three fractions of enderpines in the myocardium compared with intact animals 

(Table i). Immobilization of the rats led after 24 h to a significant increase in the level of RP3 only, whereas 

the concentrations of RPI and RP2 remained close to those in the control animals. 

Injection of~-methyldopamine into the rats was followed by changes in the RP3 level in the myoeardium: 

It was significantly increased compared with the control (Fig. IA). The RPI and RP2 levels in animals exposed 

to the same procedures were virtually unchanged. Subcutaneous injection of adrenalin into rats caused a sig- 

nificant increase in the content of the RP3 fraction only, whereas subcutaneous injection of 1 ml distilled water 

led to a significant change in the levels of all three types of enderpines compared with the corresponding levels 
in intact animals (Fig. 113). 

All procedures used in this investigation on the rats are undoubtedly stress factors and give rise to met- 
abolic changes in the body as a whole and, in particular, in the myoeardium. 

The fall in the enderpine level obtained in the animals in this investigation after immobilization for 24 h 

compared with the concentration of these factors in rats immobilized for only 3 h and the approximation of this 
index to the control values can be explained on the grounds that enderpines, responding to stress by a change 

in their concentration due to changes in their synthesis, breakdown, and accumulation, play an adaptogenie role, 
facilitating adequate work of the heart under unfavorable conditions. 
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The resul ts  do not contradict  the hypothesis of the regula tory  role of enderpines in relation to eatechol-  
amine metabol i sm [3]. It is well known that sudden changes in the s t ructure  of emotions are  accompanied by 
the liberation of adrenalin into the blood s t ream.  This hypothesis is confirmed by experiments  in which water 
and adrenalin were given. Subcutaneous injection of water invariably makes it necessary  to increase  the pool 
of f ree  endogenous adrenalin in the myocardium on account of emotional and pain s t r e ss  in the experimental  
animals and the concentrat ions of all three types of enderpines are  reduced compared with their  level in the 
experiment  with injection of water  (Fig. 1B). 

Consequently, the mechanisms connected with metabol ism of the enderpines and their  function are  con- 
nected with changes in the free adrenalin (and, probably, of other catecholamines also) level and they respond 
to this level by a feedback mechanism,  i.e., they c a r r y  out the homeostas is  which we postulated previously [3]. 

The action of a -methyldopamine  (an inhibitor of catecholamine synthesis) also can evidently be explained 
s imilar ly .  This substance probably induces a compensa tory  increase  in the concentration of one fraction of 
e nderpines (RP3) in response  to a fall in the catecholamine level produced by that substance.  
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Experimental  investigations of energy metabol ism in different organs during shock and after blood loss,  
published in the l i terature ,  descr ibe  its changes during the f i r s t  3-4 h after  the beginning of development of the 
pathological p rocess .  However, in patients with th i rd-degree  t raumatic  shock the period of unstable hemodynam- 
ies las ts  much longer (according to data given by the I. I. Dzhanelidze Emergency  Aid Research  Institute, up 
to 16 h). Accordingly  it was decided to study the dynamics of changes in energy metabol ism during the 24-h 
period after  acute blood loss in the l iver and kidneys, the functions of which are  disturbed very significantly in 

this p rocess .  

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

F i f t y m a l e  ra ts  weighing 220-320 g were used. The animals were fixed to a f rame,  pentobarbital was in- 
jeered (40 rag/100 g intraperi toneally),  and the femora l  a r t e ry  was catheter ized to measure  the a r te r ia l  blood 
p ressu re  (BP). Bleeding (2.5% of body weight) was car r ied  out for 10 rain. Anesthesia  was maintained through- 
out the experiment.  The fixation of the ra ts  was subsequently re leased somewhat. Heparin was injected in 
fract ional  doses (total dose not more  than 500 units) into the femora l  a r te ry .  Depending on the course  of the 
pos themorrhagie  period the animals were divided into four groups.  In the rats  of group 1, BP fell immediately 
after blood loss on average to 9 mm Hg, after which it became stabilized at between 40 and 60 mm Hg (in 50% 
of the animals it did not exceed 45 mm Hg), after which it again fell progress ive ly .  Energy metabolism was 
investigated 3.6 h after  blood loss,  when the mean value of BP was 39 mm Hg. In the animals of groups 2, 3 and 

I. I. Dzhanelidze Emergency  Aid Research  Institute, Leningrad.  (Presented by Academician of the Academy 
of Medical Sciences of the USSR V. K. Kulagin.) Translated f rom Byulleten' ~ksper imenta l 'no i  Biologii i Med- 
itsiny, Vol. 89, I~o. 7, pp. 30-31, July, 1980. Original ar t icle  submitted August 14, 1979. 
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