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DNA synthesis and state of the nucleolar apparatus in myocardial cells of newborn albino
rats receiving intraperitoneal injection of sedatin, a synthetic dermorphin analogue, were
studied by means of autoradiography and silver impregnation. Labeling intensity signi-
ficantly increased, while the number of nucleoli in nuclei decreased. Chemiluminescence
study showed that the concentration of reactive oxygen metabolites significantly de-
creased in the myocardium of treated animals after sedatin administration. Non-arginine
analogue of sedatin had little effect on tissue homeostasis in the myocardium.
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Mammalian myocardium has its own opioidergic
system [7]. The concentration of enkephalin deri-
vatives in the fetal and neonatal myocardium of
mammals significantly exceeds the amount of opi-
oid peptides (OP) in the heart of adult specimens
[14]. The ability of OP to modulate proliferative
processes [15] and high concentration of these com-
pounds in the myocardium of newborn mammals
suggest that OP play an important role in the post-
natal development of structural homeostasis in the
heart.

Previous studies showed that dalargin, ligand
of u- and &-opiate receptors (OR), affects prolife-
rative processes in the myocardium of newborn al-
bino rats [4].

Peptide sedatin synthesized at the Research-
and-Production Company Peptos, is a dermorphin
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analogue and acts as an p/d-OR agonist. This pep-
tide contains N-terminal arginine residue.

Here we studied the effect of sedatin on tissue
homeostasis in the myocardium of albino rats du-
ring the early period of postnatal ontogeny.

MATERIALS AND METHODS

Experiments were performed on 76 newborn out-
bred albino rats. Peptide sedatin (H-Arg-Tyr-D-Ala-
Phe-Gly-OH) and its non-arginine analogue (H-
Tyr-D-Ala-Phe-Gly-OH) were injected intraperito-
neally (100 pg/kg, 5 injections) to animals of the
treatment group on days 2-6 of life. Control animals
received an equivalent volume of the solvent (iso-
tonic NaCl). DNA synthesis, state of the nucleolar
apparatus in cardiomyocytes, and intensity of free
radical oxidation in the myocardium of rats were
studied 24 h after the last injection.

For autoradiography, *H-thymidine in a dose of
1 uCi/g (specific activity 84 TBg/mol) was admini-
stered to animals 1 h before euthanasia. Autoradio-
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graphs were prepared by the standard method. The
index of labeled nuclei was estimated by counting
of 1000 cells in subendocardial layers of the myo-
cardium in each region of the heart (%). Labeling
intensity was calculated as the mean number of
tracks above 50 nuclei in each region of the myo-
cardium.

The number and area of nucleoli and ratio of
nucleus/nucleoli cross-section area were estimated
by examining the preparations stained with AgNO,.
This study was performed by the method of com-
puter morphometry on a MEKOS-Ts complex image
analyzer.

The method of chemiluminescence (CL) was
used to study free radical oxidation. CL was measu-
red on a LS-50B luminescence spectrometer (Per-
kin Elmer). The signal was standardized with Finlab
software. Spontaneous and Fe?*-induced CL was
estimated as described elsewhere [2]. Total spon-
taneous CL (Sgp) was measured over 1 min and
correlated with the intensity of free radical pro-
cesses. The first flash maximum (H1) of induced
CL reflected the content of lipid hydroperoxides.
Total CL was recorded over 2 min of the post-flash
period (S1,p) and reflected the rate of peroxide
radical accumulation.

Kinetic parameters of H,0O,-induced luminol-
dependent CL were estimated as described pre-
viously [1]. The first flash maximum (H2) reflected
the ability of biological object to undergo peroxi-
dation. Total CL was recorded over 2 min (S2p)
and depended on activity of the antioxidant and
antiradical defense system.

Intergroup differences were significant at
p<0.05 (Student’s 7 test).

RESULTS

Fivefold injection of sedatin to newborn albino rats
was followed by a decrease in DNA synthesis in
the myocardium (Table 1). Labeling intensity in
myocardial regions decreased by 11-16%. Signifi-
cant changes were revealed in the myocardium of
the right and left ventricle. Our results indicate that
sedatin decelerates DNA synthesis in myocardial
cells of newborn animals. The decrease in labeling
intensity was not accompanied by variations in the
index of labeled nuclei.

Study of the nucleolar apparatus in treated ani-
mals showed that 5-fold injection of sedatin signifi-
cantly increases the number of nucleoli (Table 2).
State of the nucleolar apparatus is an adequate crite-
rion for anabolic protein-synthetic activity of car-
diomyocytes [8]. Previous studies revealed a posi-
tive correlation between the intensity of protein

TABLE 1. Effect of 5-Fold Treatment with Dermorphin Analogues on DNA Synthesis in the Myocardium of Newborn Albino Rats (M+m)
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Note. Here and in Tables 2 and 3: *p<0.05 compared to the control.
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TABLE 2. Effect of 5-Fold Treatment with Dermorphin Analogues on the Nucleolar Apparatus in Myocardial Cells of Newborn
Albino Rats (M+m)

Number of nucleoli Area of nucleoli, p2 Nucleus/nucleolus
area ratio
Group
left right left right left right
ventricle ventricle ventricle ventricle ventricle ventricle
Control 2.29+0.08 2.01+x0.12 2.68+0.24 2.55+0.14 20.90+1.77 20.2+0.8
Sedatin 2.59+0.07* 2.54+0.12* 2.99+0.22 2.95+0.17 17.30+0.97 | 16.90+0.88*
Non-arginine sedatin analogue 2.22+0.19 2.42+0.20 2.88+0.98 2.74+0.18 18.66+0.63 | 18.90+1.64

synthesis in mammalian myocardium and rate of
cardiomyocyte differentiation [11].

The decrease in the rate of DNA synthesis in
the myocardium of newborn animals after 5-fold
injection of sedatin was accompanied by activation
of the nucleolar apparatus. These changes probably
reflect acceleration of cardiomyocyte differentia-
tion. Similar changes in tissue homeostasis of the
myocardium in newborn albino rats were revealed
after single administration of u/8-OR agonist dalar-
gin [4]. Similarly to sedatin, dalargin contains argi-
nine, but in C-terminal position.

Similarly to dalargin, sedatin in a wide dose
range stimulates proliferative processes in various
cell populations [4,9,10].

Dalargin exhibits high antioxidant activity. At
the same time, reactive oxygen metabolites play a
major role in the regulation of proliferative pro-
cesses [3]. For evaluation of the role of reactive
oxygen metabolites in the morphogenetic effect of
sedatin on the neonatal myocardium, we studied the
intensity of free radical oxidation in the myocar-
dium of newborn animals receiving 5 injections of
sedatin by the method of CL.

Sedatin modified biogenesis of reactive oxygen
metabolites. This conclusion was derived from the de-
crease in the content of lipid hydroperoxides and sup-
pression of peroxide radical accumulation (Table 3).

The mechanisms for the effect of uw/8-OR ago-
nists on the myocardium of newborn animals are
poorly understood. p-OR were not identified in the
myocardium of newborn mammals [12]. The ef-
fects of 0-OR in newborn rats are realized only

after the 10th day of life [13]. The biological effects
of sedatin are mediated by its interaction with OR.
It should be emphasized that arginine also plays a
role in the morphogenetic response. Previous stu-
dies showed that metabolic transformation of dalar-
gin is accompanied by the release of the arginine
molecule [5]. Arginine is an important component
of the NO—NO synthase system. Blockade of NO
synthesis with L-NAME modifies the effect of dalar-
gin on DNA synthesis and free radical oxidation in
respiratory organs of newborn albino rats [6].

It can be hypothesized that arginine and NO—
NO synthase system mediate the effect of sedatin
on the myocardium in newborn albino rats. This
hypothesis was indirectly confirmed by the results
obtained in experiments with non-arginine sedatin
analogue H-Tyr-D-Ala-Phe-Gly-OH. The non-argi-
nine sedatin analogue had no effect on tissue
homeostasis in the neonatal myocardium (Tables 1,
2, and 3).

REFERENCES

1. A. V. Arutyunyan, E. E. Dubinina, and N. N. Zybina, Methods
to Study Free Radical Oxidation and Antioxidant System in the
Organism [in Russian], St. Petersburg (2000).

2. Yu. A. Vladimirov, O. A. Azizova, A. 1. Deev, et al., Itogi
Nauki Tekhniki. Ser. Biofizika, 29 (1991).

3. I. A. Gamalei, Yu. S. Polozov, and K. M. Kirpichnikova, Tsito-
logiya, 43, No. 7, 633-637 (2001).

4. E. N. Goncharova, S. S. Timoshin, and T. V. Yatsenko, Byull.
Eksp. Biol. Med., 123, No. 1, 43-45 (1997).

5. O. L. Isakova, N. F. Sepetov, and Zh. D. Bespalova, Bioorgan.
Khimiya, No. 1, 106-111 (1986).

TABLE 3. Effect of 5-Fold Treatment with Dermorphin Analogues on CL in Myocardial Homogenates from Newborn Albino

Rats (rel. units, M+m)

Group Ser H1 St H2 82,
Control 1.58+0.09 1.39+0.09 3.42+0.25 4.72+0.28 8.01+0.63
Sedatin 1.42+0.07 0.90+0.07* 2.81+£0.14* 4.93+0.35 8.37+0.68
Non-arginine sedatin analogue 1.7+0.1 1.55+0.12 3.84+0.21 5.13+0.35 8.94+0.72




S. Yu. Kriganovskaya, O. A. Lebed'ko, et al.

6.

7.

10.

0. A. Lebed’ko and S. S. Timoshin, Byull. Eksp. Biol. Med.,
133, No. 5, 501-503 (2002).

Yu. B. Lishmanov and L. N. Maslov, Opioid Neuropeptides, Stress,
and Adaptive Protection of the Heart [in Russian], Tomsk (1994).

. N. N. Mamaev, O. V. Kovaleva, Kh. K. Amineva, et al., Arkh.

Pat., No. 3, 43-45 (1993).

. M. Yu. Fleishman, A. V. Kuznetsov, V. I. Deigin, and S. S.

Timoshin, Byull. Eksp. Biol. Med., 137, No. 3, 265-267 (2004).
M. Yu. Fleishman, A. V. Kuznetsov, M. I. Radivoz, et al., Ibid.,
122, No. 6, 641-644 (1996).

535

11. P. A. Khloponin and O. Yu. Patyuchenko, Morfologiya, No.
1, 50-56 (2003).

12. B. Attali, D. Saya, and Z. Vogel, Brain Res. Dev. Brain Res.,
53, No. 1, 97-102 (1990).

13. C. Ela, J. Barg, Z. Vogel, et al., J. Mol. Cell. Cardiol., 29, No.
2, 711-720 (1997).

14. P. J. McLaughlin and Y. Wu, Dev. Dyn., 211, No. 2, 153-163
(1998).

15. 1. S. Zagon, M. F. Verderame, and P. J. McLaughlin, Brain
Res. Brain Res. Rev., 38, No. 3, 351-376 (2002).




