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Massive catecholamine re lease  in ext remal  states can exer t  a marked histotoxic action, including on the 
myocardium [5]. Hypercatecholaminemia  plays a special pathogenetic role in acute coronary  pathology when 
it contributes to the fur ther  spread of necros i s  of the hear t  muscle [4]. This is also shown by the close cor -  
relation found between adrenalin (A) and noradrenal in  (NA) excretion and the severi ty of the condition of pa- 
t ients with myocardia l  infarction [1]. There is reason to suppose that endogenous opioid peptides can modulate 
the intensity of adrenergic  p r o c e s s e s  in the body. This is confirmed by data showing that under the influence 
of neuropeptides NA re lease  f rom sympathetic te rmina ls  is reduced [13], and morphine, antagonist of opiate 
receptors ,  inhibits activity of the adrenal medulla [I0, 14] and NA uptake by the t issues [11]. 

The effect of peptides of enkephalin type on activity of the sympathicoadrenal system (SAS) in acute myo-  
cardial  ischemia has not been studied, and this was the reason for the present  investigation. 

E X P E R I M E N T A L  METHOD 

Exper iments  were ca r r i ed  out on120 male albino r a t s  weighing l80-200 g. After adaptation of the animals 
for  5 days to the conditions of life in an individual metabol ism cage, their  24-hourly urine was collected and 
the samples  suitably acidified and cooled. To determine the catecholamine levels the original data were cal-  
culated as the mean value between two por t ions  obtained over  a period of 2 days. In view of the high individual 
variabil i ty of the original  values in different animals,  the dynamics of the pa rame te r s  for each rat  was es t i -  
mated during the subsequent period of observation.  After initial data had been obtained for all the animals 
acute myocardia l  [schemia was produced by d ia thermy coagulation of the left descending coronary  a r t e ry  by 
the method of Staab et al. All animals which survived after  the operation were divided a rb i t ra r i ly  into three 
groups. Animals of group 1 received physiological  saline in a volume of 200 ~1, animals of group 2 received 
physiological saline together  with an intraperi toneal  injection of D-Ala2-D-Leu'5-D-Arg~-enkephalin in a dose 
of 1.25 nmole/100 g body weight (in a final volume of 200 pl), and animals of group 3 received an injection of 
D-Ala2-LeuS-ArgG-enkephalin under s imi lar  conditions. The Leu-enkephalin analogs used have alanine in posi-  
tion 2, which makes  them much more  res is tant  to enzymic degradation [12]. During the 24 h after  production 
of experimental  myocardia l  ischemia in the rats ,  the urine was again collected. Activity of SAS was est imated 
on the bas is  of u r ina ry  excret ion of A, NA, dopa, and dopamine (DA) concentrat ions of which in the urine were 
determined f luorometr ica l ly ,  f luoroescence being recorded  on a Hitachi 650-60 spec t rof luorometer  (Japan). 
The resul t s  were subjected to statist ical  analysis :  the confidence intervals calculated from Strelkov's  tables 
[6], and the significance of changes in the p a r a m e t e r s  studied was determined by the Wilcoxon-Mann-Whitney 
nonparametr ic  (Pu) test.  

EXPERIMENTAL R E S U L T S  

As Table 1 shows, acute myocardia l  ischemia (AMI) was accompanied by marked activation of the SAS, 
which is cha rac te r i s t i c  of ext remai  situations [2]. Excret ion of A and NA, for  instance, 24 h after cauter iza-  
tion of the co rona ry  a r te ry ,  was more  than doubled. The u r ina ry  excretion of dopa was increased by 48% and 
of DA by 86%. The very  small decrease  in the A/NA rat ios  is evidence of the s t ronger  effect of the patholo --  
gical fac tor  on the t r ansmi t t e r  stage of the SAS. Calculation of ra t ios  between end products  of synthesis of 
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TABLE 1. Effect of Enkephalins on Excretion of CatechoIamines (in #g/24 h) by Rats with AMI 

Group animals 

1: Initialdata for AMI'{24 h) + 
physiological saline 

9: Initial -data for AMI (24h) - 
D-LeuS-D-Arg 6 

3: Initialdata for AMI,(24h)+ 
D-Ala2-LeuS- Alg ~ 

_~ c 
IZos 

2O 
20 

20 
2O 

20 
20 

13,1+4,0 
28,6_+5,87 
Pul~O,Ol 
16,5• 
19,78• 10,0 
Pui:>0,05 
Pu2<O,05 
15,32• 1,22 
5,99_4_ 1,09 
Pu~0,001 
Pue~0,001 

NA 

29,62• 7,07 
78,51• 
Pui<0,05 
32,17• 13,3 
21,86• 
Pu~<0,01 
Pu~<0,01 
29,23• 
16,9• 

Pu~<:0,01 
Pu2<0,01 

dopa 

49,33• 
73,09• t 5,96 
Pul~O,05 
49,24• 
38,24+5,15 
Pul~0,01 
Pu~0,05 
49,39_+8,3 
34,85~ 4 , 48 
Pul~0,05 
Pu2~0,01 

DA 

79,5• I2,4 
I47,9• 
Pul~0,001 
75,28• 11,6 
47,96• 17,8 
Pu,~0,05 
Pu2=0,0I 
84,8! 17,5 
68,06• 
Put>O,05 
Pu2~0,01 

AINA 

0,442 
0,364 

0,514 
0,904 

- -  I 

- -  i 

0,524 
0,354 

DA)/dopa (A+NA)/DA 

2,48 0,537 
3,49 0,724 

2,52 0,647" 
2,34 0,868 

2,62 0,525 
2,61 0,336 

Legend. Pu~) Significance relative to initial data; Pus) significance relative to corresponding 
period of AMI but without enkephalin. 

sympathomtmetic  amines and their  p recu r so r ,  dopa, showed an increase in this pa rame te r  of 41%, evidently 
attributable to intensive production of A, NA, and DA, accompanied by exhaustion of the dope r e se rves .  Stim- 
ulation of the next stage of catecholamine synthesis  was shown by an increase in the ratio of the total A + NA 
to DA excretion, evidence of more  rapid hydroxylation of DA. 

injectton ofD-Ala2-D-LeuCD-Arg6-enkephal in  into rats  with AMI prevented stimulation of t h e  
SAS. For  instance, the 24-hourly A excretion in ra t s  of this group did not differ significantly f rom the initial 
level, but was 31% less  than iu animals with myocardia l  ischemia and receiving physiological saline instead 
of neuropeptides. NA excret ion with the urine not only was not increased,  but was actually reduced by 32% 
compared with the initial values. Excretion of dopa (by 22%) and DA (by 36%) in the urine also was reduced. 
The decrease  in NA excret ion in ra t s  of this group, noted above, was responsible for an increase  of 76% inthe 
A / N A  ratio. Unlike in ra ts  of the control group with AMI, in the group of animals t reated with enkephalin the 
pa rame te r  obtained by dividing the total excreted A + NA + DA by the quantity of dopa excreted with the urine 
in 24 h, was not increased,  but was actually somewhat reduced,  This fact  may probably be interpreted as  in- 
dicating preserva t ion  of the r e se rve  capacity of the SAS on injection of D-Ala2-D-LeuS-D-ArgCenkephaltn into 
ra ts  with AiMI. It is quite possible that the point of application for the inhibitory action of the peptide is the 
enzyme dopa-decarboxylase,  which prevents  a decrease  in the concentrat ions of all the subsequent components 
of the chain of formation of sympathetic nervous system media tors  in the ur{ne (and, consequently, in the blood 
also). No significant difference was observed in the charac te r  of the change in the ratio (A + NA)/DA com- 
pared with the group of ra t s  which did not receive enkephalin after production of myocardia l  isehemia. 

Injection of another Leu-enkephalin analog, in whose molecule the D-amino acids in posit ions 5 and 6 
were replaced by their  L - i s o m e r s ,  had an even s t ronger  action on activity of the SAS. 

Introduction of levorota tory  leucine and arginine into the s t ructure  of enkephatin evidently increased the 
specificity of binding of the agonist with opiate receptors ,  in much the same way as differences in s u b s t r a t e -  
receptor  in terre la t ions  existing for levorphanol mad dextrophan (L- and D- i somer s  of morphine) [8]. 

For  instance, injection of D-Ala2-LeuS-Arg6-enkephalin into ra ts  with AMI led to a highly significant 
fail in the 24-hourly  excretion,  not only of NA by 42%, as in ra ts  of the previous group, but also of A by 61%. 
The ur inary  excret ion of dopa and DA in animals of this group did not differ significantly f rom the initial val- 
ues, but was significantly lower than for r a t s  with myocardia l  [schemia not t reated with enkephalins. The de- 
c rease  in the A/NA ratio in this case indicated predominant  inhibition of activity of the humeral  component of 
SAS, i.e., activity of the adrenal medulla. The action of D-Ala2-LeuCArg6-enkephalin on ra ts  with A ~ I  p re -  
vented an increase in the ratio of the total end products  of catecholamine synthesis  to dope, which, as in ra ts  
of the previous group, could indicate p reserva t ion  of the rese rve  capacity of the SAS due to the action of the 
peptide, on account of its inhibitory effect on dopa-decarboxylase .  The increase in the ratio obtained by divid- 
ing the total A + NA excreted with the urine by the quantity of DA excreted suggests that D-Ala2-LeuS-Arg 6- 
enkephalin may not only act  on dopa-deearboxylase  activity, but may also par t ia l ly  inhibit DA-p-hydroxyIase ,  
which l imits NA and A formation f rom DA, also. Enkephaltns may evidently exert  their  action on the enzyme 
of adrenal synthesis through opiate receptors ,  found in the adrenal medulla on membranes  of chromaffin vesi-  
c les  [10]. 
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Peptide l igands of opiate r e c e p t o r s  can thus exe r t  an inhibitory action on activi ty of the SAS. Cons ider -  
ing data showing e levat ion of the opioid peptide level in the body in ex t r ema l  si tuations [8], it can be postulated 
that, through depress ion  of function of the SAS, they can l imi t  the pathogenic action of s t r e s s  developing under 
conditions of hypere rg ia .  F u r t he r  a rguments  in support  of this hypothesis  may be given by the exis tence of 
opiate r e c e p t o r s  in the adrena l s  [10] and inhibition of NA r e l ea se  f rom sympathet ic  neurons  under the influence 
of opioid neuropept ides  [7]. 

Normal iza t ion  of cer ta in  constants  of homeos ta t i s  in r a t s  with AMI following the i r  injection with en- 
kephalins m a y  part ia ' l ly  explain the weakening of the cardiotoxic  action of an excess  of ad renomimet ic s ,  which 
the w r i t e r s  demons t ra t ed  p rev ious ly  [3]. 
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The s e c r e t o r y  function of the s tomach is known to depend on the functional s tate of the endocrine glands 
[1, 4, 11]. Data on the c h a r a c t e r  of the digest ive d i s o r d e r s  a r i s ing  in pat ients  with thyrotoxicos is ,  obtained by 
dif ferent  inves t iga tors ,  a re  highly cont radic tory .  Some w o r k e r s  have observed  reduced proteolyt ic  act ivi ty of 
the gas t r i c  juice in pat ients  with toxic goi te r  [10, 12], whe reas  o the r s  found increased  act ivi ty [13]. 

The essen t i a l ly  con t rad ic to ry  nature of different  i t ems  of information about d i s tu rbances  of the s t ruc tu re  
of the gas t r i c  mucosa  in thyrotoxicos ts ,  which cannot yet  be explained, has  led to a sea rch  for  object ive c r i -  
t e r i a  for  evaluating the morphologica l  changes  in this d isease .  

The a im of the p r e s en t  investigation was accordingly to study the morphologica l  subs t ra te  lying at the 
bas i s  of the dis turbed peps i n - fo rm i ng  function of the s tomach in r a t s  with exper imenta l  hyper thyro id i sm.  

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

Expe r imen t s  were  c a r r i e d  out on m a t u r e  male  Wis ta r  r a t s  weighing 180-200 g. Thyroxine (from Reanal,  
Hungary) was injected in t raper i toneal ly  into the an imals  in doses  of 0.1 mg /kg  (small)  and 2.5 mg /kg  (large) 
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