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Effect of the Leu-Enkephalin Analog Dalargin

on DNA Synthesis in the Myocardium and Lingual
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The DNA synthesis is studied in the myocardium and lingual epithelium of 4-5-day-old
rats 24 h after a single administration of the leu-enkephalin analog dalargin in a dose of
10 or 100 pg/kg. At 10 pg/kg, dalargin significantly decreases the number of DNA-
synthesizing nuclei in the left atrium, while at 100 pg/kg it significantly decreases the
number of DNA-synthesizing nuclei in the left atrium and both ventricles. Dalargin does
not change the DNA synthesis in the lingual epithelial cells.
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Opioid peptides contribute to the maintenance of
structural homeostasis in the body by regulating pro-
liferation and differentiation processes [15]. The
presence of endogenous opioid peptides in the mam-
malian myocardium [10] and the pronounced cardio-
tropic activity of exogenous opioids [5] suggest that
opioids are involved in cardiac morphogenesis.

Our objective was to examine the effect of dalar-
gin, a stable leu-enkephalin analog, on the DNA
synthesis in rat myocardium during the early post-
natal ontogeny.
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MATERIALS AND METHODS

Random-bred white rats aged 4-5 days were used.
Control and experimental groups were formed by
splitting litters so that there were 8 pups per nest.
Experimental pups received 10 or 100 pg/kg of the
synthetic leu-enkephalin analog dalargin (p-Ala*-
Leu’-Argé-enkephalin) as a single intraperitoneal
injection. Control pups were given an equal volume
of the solvent (sterile physiological saline). *H-Thy-
midine (specific activity 1530 TBq/mol) was injected
intraperitoneally in a dose of 1 uCi/g body weight
23 h after dalargin (1 h before euthanasia).
Histotopographic preparations of the heart and
tongue were obtained by standard methods [3]. The
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TABLE 1. Effect of Dalargin on DNA Synthesis (NLI, %) in Rat Myocardium in Early Postnatal Ontogeny
Dalargin doze, ug/kg
Myocardial zone 10 100
control experiment control experiment

Left atrium 11.52+0.67 8.95+0.29* 7.86x0.63 5.70+0.55*
Right atrium 9.99+0.68 9.96+0.62 7.48+0.58 5.90+0.56
Left ventricle:

subendocardial layer 11.50+0.82 11.39+0.60 10.4410.95 7.61+0.68*

intramural layer 13.1010.63 11.63£0.71 8.77+0.60 6.26+0.64*

subepicardial layer 11.1920.70 9.72x0.76 6.37£0.71 5.37x0.94
Interventricular septum:

subendocardial layer 10.9710.98 10.59+0.52 10.93+0.87 8.31%£1.07

intramural layer 13.37+1.08 13.73+0.80 8.51+0.74 7.26+0.82
Right ventricle:

subendocardial layer 9.15+0.61 8.58+0.44 9.38+0.73 6.42+0.82*

intramural layer 10.6310.92 10.34+0.43 7.14%0.52 5.09+0.68"

subepicardial layer 8.96+0.71 8.66+0.62 5.211£0.40 4.09+0.56

Note. P and M emulsion was used, respectively, for autoradiography after administration of 10 ug/kg and 100 ug/kg dalargin. *p<0.05

compared with the control.

nuclear labeling index (NLI, expressed in %) and
labeling intensity (the mean number of silver grains
over the nucleus) were determined.

On the heart autoradiographs, the NLI and
labeling intensity were estimated for the left and
right atria, subendocardial, intramural, subepicardial
layers of the left and right ventricles, and subendo-
cardial and intramural layers of the interventricular
septurmn. Cell types were identified by morphological
differences. Cells of doubtful origin were excluded.

The NLI for the tongue was estimated in the
generative zone of its epithelium (basal and spinous
layers) along the superior and lateral surfaces of the
middle third.

The results were analyzed using Student’s ¢ test.

RESULTS

At 10 ug/kg dalargin significantly decreased NLI in
the left atrium, but not in any other heart zone
(Table 1).

At 100 ug/kg it decreased this index in all studied
myocardial zones, the decrease being statistically sig-
nificant in the left atrium and in the subendocardial
and intramural layers of the left and right ventricles
(Table 1). A tendency toward a decrease in the NLI
(p<0.1) was observed in the right atrium and the sub-
endocardial layer of the interventricular septum.
There were no intergroup differences in the labeling
intensity, an indirect indicator of the rate of DNA
synthesis.

Thus, the leu-enkephalin analog dalargin markedly
decreases the number of DNA-synthesizing nuclei in
the myocardium of rats in the early postnatal onto-
geny, as evidenced by low NLI.

Dalargin stimulates cell proliferation in the epi-
thelia [6] and connective tissues [9], promotes re-
covery from experimental myocardial infarction [1],
and activates anabolic processes in the myocardium
of adult rats, judging from increased rate of protein
synthesis and RNA levels [5].

Presumably, inhibition of physiological regenera-
tion of the myocardium observed after dalargin in-
jection was due to the ontogenic characteristics of
cardiovascular responses to opioid peptides in new-
born animals. Structural and functional changes oc-
curring in the cardiovascular system of adult mature
rats after systemic administration of enkephalins are
associated with their antiadrenergic activity [4]. In 4-
5-day-old rats, the significance of this mechanism is
very low, since sympathetic innervation of the heart
is not developed at this stage of ontogeny [2].

Furthermore, the pattern of tissue responses to
biologically active substances in the early postnatal
period is probably determined by ontogenic features
of their specific receptors. Dalargin binds predomi-
nantly to §-opioid receptors (OR) [8]. These receptors
were not found on the striatal neurons of rat embryos
[14]. In rats, they appear in small amounts in the
spinal cord in early postnatal life [11]. It was hypo-
thesized that at this period of ontogeny the functions
of OR are other than those in adult organism [12].
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Specific reception of OR at the early stage of
ontogeny has been confirmed by experiments with
dalargin and lingual epithelial cells. At 10 or 100
ug/kg, dalargin practically did not change prolifera-
tive activity of lingual epithelial cells in 5-day-old
rats: 7.9+0.3% vs. 7.120.3% in the control and 7.0%
0.4% vs. 7.3%0.4% (p>0.05), respectively. However,
in adult rats the same doses of dalargin markedly
increased the number of DNA-synthesizing nuclei in
the lingual epithelium [6]. Thus, the effects of dalar-
gin on cell proliferation are age-dependent.

It should be remembered that a decrease in the
number of DNA-synthesizing cells in the myocar-
dium of young animals may reflect an accelerated
differentiation of cardiomyocytes [7]. This is in-
directly supported by the anabolic effect of dalargin
[5] that probably stimulates the synthesis of specific
myocardial contractile proteins.

Our results indicate that the opioid peptide da-
largin induces substantial changes in the reproduction
of cardiomyocytes during early postnatal ontogeny.
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