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The agonists of  ~t-opiate receptors, DAGO and DALDA, prevent stress-induced enhance- 
ment of 99mTc-pyrophosphate accumulation in the myocardium, which attests to cardio- 
protective activity of  these opioids. This phenomenon is presumably related to modulating 
effect of  these agents on the adrenergic stage in pathogenesis of  stress-induced damage 
to the heart. 
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Fatal disturbances in cardiac ventricular rhythm and 
sudden death are often observed in patients without 
coronary anamnesis, who had a severe stress or long- 
term psychoemotional overload [11]. These pheno- 
mena can be considered as clinical equivalents of  
stress-induced damage to the heart (SIDH) [11]. 
One of the leading factors of  SIDH is the cardio- 
toxic effect of  an excess of  endogenous catechol- 
amines (CA) caused by hyperactivation of sym- 
pathoadrenal system [2,8,9]. However, there are no 
direct data to prove the key role of CA in patho- 
genesis of  SIDH.  

We showed that in contrast to ligands of other 
types of opiate receptors (OR), the ligands of ~t-OR 
are capable o f  modulating the degree of SIDH. 
Thus, there is a firm basis to believe that opioids 
produce cardioprotective effect by curtailing the se- 
cretion of  endogenous CA, because activation of  
some types of  OR is accompanied by inhibition of  
CA release from the sympathetic nerve terminals. 
There is evidence on the antagonism between opioid 
peptides and CA for 13-adrenoceptors [13]. How- 
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ever, the receptor specificity of these effects is barely 
known. 

Our aim was to study the modulating role of  
la-OR ligands to the adrenergic stage in SIDH patho- 
genesis. 

MATERIALS AND METHODS 

The study was carr ied out  on male Wistar rats 
weighing 150-200 g. Stress was modeled by a 24-h 
immobilization in the supine position. The adre- 
nergic structures were affected by intraperitoneal (10 
mg/kg) bretylium (Sigma), a blocker of CA release 
from adrenergic terminals [6], or by daily adrnini- 
stration of guanethidine (Sigma) for 3 days in a dose 
of 50 mg/kg, which suppressed the synthesis of CA 
in nerve terminals [5]. 

The following ligands were used to stimulate 
~t-OR: DAGO ([D-AIa2,N-Me - Phe4,GlyS-ol ]-enke- 
phalin) [10] or DALDA ([D-Arg2,Lys4]dermorphin- 
(1-4)-amide), which were injected intraperitoneally 
in a single dose of  0.1 mg/kg: 30 min prior to 
immobilization and 12 h after imposing the stress. 

DALDA was synthesized by Prof. P. W. Schiller 
(Clinical Research Institute of Montreal, Canada), 
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TABLE 1. Effect of I~-OR Ligands on Accumulation of ~mTc-PPh in 
Rat Myocardium under Immobilization Stress (M+m, n_>12) 

Animals 

Intact 

Stress-control 
(immobilization for 24 h) 

Stress+DAGO, 0.1 mg/kg 

Stress+DALDA, 0.1 mg/kg 

Stress+bretylium, 10 mg/kg 

Stress+guanethidine, 50 mg/kg 

Specific accumulation 
of 99mTc-PPh (% of tbtal 

dose/g tissue, x 10 -2) 

1.85+0.26 

2.86+_0.31 § 

2.1 +0.25" 

1.59+0.22" 

2.13+0.09" 

1.98+0.12"* 

Note. Here and in Table 2:*p<0.05 compared with intact rats; *p<0.05 
and **p<0.001 compared with the stress-control. 

and DAGO was synthesized at the BioPro (Novo-  
sibirsk). 

SIDH was assessed by accumulation of  99mTc- 
pyrophosphate (99"Tc-PPh) in damaged heart [12]. 
The level of CA was determined histochemically on 
cryostat sections of  the adrenal glands and myo-  
cardium, using a 2% glyoxylic acid solution in ac- 
cordance to modification I4] of  method [3]. 

The results were statistically analyzed using 
Student's t test. 

RESULTS 

Table 1 shows that 24-h immobilization was accom-  
panied by a 1.5-fold increase in 99mTc-PPh accu-  
mulat ion in the myocardium in comparison with 
baseline level, indicating damage to the cardiomyo- 
cyte membrane [12]. Simultaneously, the intensity 
of  CA fluorescence decreased in the chromaff ine  
cells of  the adrenal gland medulla, and the content  
of  CA in myocardial adrenergic fibers dropped 2- 
fold in comparison with intact rats. These alterations 
indicate the depletion of adrenergic neurot rans-  

mitters in the examined tissues due to stress-induced 
activation of the sympathoadrenal system [ 1,17]. 

Intraperitoneal administration of  DAGO, a se- 
lective agonist of g-OR, led to a statistically signifi- 
cant decrease in 99"~Tc-PPh accumulat ion in the 
myocardium of experimental rats by 26% (Table l). 
In addition, it increased the content of  histochemi- 
cally determined CA in adrenal glands and heart 
relative the stress-control level by 16 and 13%, 
respectively (Table 2). To some degree, the spe- 
cificity of these effects of  DAGO is supported by 
the effect of  systemic administration of the other 
agonist of g-OR, DALDA, that modified the exa- 
mined indices in the same way. For example, ac- 
cumulation of 99mTc-PPh by cardiomyocytes in this 
series was 45% smaller than that in the stress-con- 
trol group (Table 1), while the intensity of  CA 
fluorescence on myocardial histological sections was 
27% higher. The content  of  CA in the adrenal gland 
medulla did not change significantly in comparison 
with the stress control group. 

These data indicate that stimulation of  peri- 
pheral g-OR enhances  the tolerance of  theca rd io -  
myocyte membrane to stress-induced damage and 
simultaneously it facilitates the retention of CA in 
adrenal glands and adrenergic ne~we terminals in the 
heart. 

Presumably, the ability of the ligands of  ~.t-OR 
to inhibit the release of CA from adrenergic terminals 
is responsible for their CA-saving effect, which agrees 
with similar effects of  opiates I13]. Assuming the de- 
pendence of cardioprotective effect of  the ligands 
of g-OR on their ability to curtail the adrenergic 
transmission to myocardium as a working hypothe- 
sis, one should expect that other agents have simi- 
lar properties (for example, guanethidine and brety- 
lium) which affect the deposition and release of CA. 

We could not detect  any stress-induced damage 
to the heart in the rats that were pretreated with 
guanethidine to deplete CA depot. Accumulation of 

TABLE 2. Effect of I~-OR Ligands on the Content of Catecholamines (CA) According to Histochemical Indices in Adrenal Glands and Rat Heart 
during Immobilization Stress (M+m, n>=12) 

Animals 

Intact 

Immobilization stress for 24 h 

Stress+DAGO, 0.1 mg/kg 

Stress+DALDA, 0.1 mg/kg 

Stress+bretylium, 10 mg/kg 

Stress+guanethidine, 50 mg/kg 

Intensity of CA fluorescence 
in chromaffin cells of adrenal gland 

medulla, arb. units 

6.1+0.3 

3.1+0.1"* 

4.1+0.2"** 

3.2+0.1" 

4.2+0.4** 

1.2+0.02 ... .  

Intensity of CA fluorescence 
in myocardium, vol. % 

2.2+0.1 

1.1+0.1 + 

1.4+_0.1 ** 

1,6+0.1 ** 

1.7+0.1 § 

0.0 . . . .  

Note. **p<0.01, **§ compared with intact rats. 
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99mTc-PPh in the myocardium of the rats in this 
group was similar to that in the intact group (Table 
1). The histochemical methods did not reveal CA 
in the myocardium of the rats in this group (Table 
2). The intensity of CA fluorescence in the chrom- 
affin cells of adrenal gland medulla in the rats ad- 
ministered with guanethidine was decreased by more 
than 5-fold in comparison with intact rats and by 
almost 3-fold in comparison with stress-control rats. 

The degree of cardiac damage in rats subjected 
to stress under the effect of bretylium significantly 
decreased (by 25%) relative to the stress-control 
level. However, in contrast to the effect of guane- 
thidine, CA content in the myocardium and adrenal 
glands was increased relative to stress-control by 54 
and 35%, respectively. 

The experiments with guanethidine and brety- 
lium supported the hypothesis on the key role of CA 
in stress-induced damage to cardiomyocytes. In- 
deed, in both cases we observed moderation of 
damage to the heart during stress against the back- 
ground of drastically limited release of adrenergic 
agents from presynaptic terminals. The only differ- 
ence was that guanethidine depleted the adrenergic 
depots in the myocardium and the adrenal gland 
medulla [5] and thus drastically curtailed the release 
of transmitters during stress, while bretylium directly 
blocked epinephrine release from the sympathetic 
nerve terminals 16]. 

Thus, our data attest to enhancement of cardiac 
tolerance to stress-induced damage by peripheral 

administration of the ~t-OR ligands DAGO and 
DALDA. The potency of these opioids to modulate 
the activity of the peripheral mechanisms of sym- 
pathoadrenal system and the release of CA from the 
adrenergic terminals is responsible for this cardio- 
protective effect. 
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