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Computer morphometry and histochemical analysis were used to study the delayed effects
induced by endothelin-1 and atrial natriuretic peptide-II (single doses 50 and 100 pg/kg,
respectively) in neonatal albino rats subjected to 5 repeated intraperitoneal injections of the
drugs during postpartum days 2-6. Injections of endothelin-1 to 21-day-old neonatal rats
promoted activation of the nucleolus organizer regions by increasing the number and area of
nucleoli and the number of DOT (optically dense regions corresponding to the number of
silver grains determined visually). The area and protein content in cardiomyocytes also
increased. Protein content in cardiomyocytes remained high in 45-day-old rats. Repeated
injections of atrial natriuretic peptide-II to neonatal rats decreased the area of nucleoli in 21-
day-old rats, but produced no significant changes in morphometric parameters of nucleoli and
cardiomyocytes in 45-day-old rats. The number of nuclei expressing proliferating cell nuclear
antigen (PCNA) did not change significantly after administration of endothelin-1 and atrial
natriuretic peptide-II in both age groups. These data suggest on delayed opposite effects of
the examined neuropeptides on heart morphogenesis.
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Morphogenesis of the heart at the early terms of post-
natal period is a unique program of proliferation and
differentiation of all tissue components. The endo-
genous peptidergic system actively participates in the
development of the myocardium. We previously found
that injection of endothelin-1 (ET-1) to newborn rats
stimulates DNA synthesis in the myocardium [7]. The
opposite effect is produced by atrial natriuretic pep-
tide-II (ANP-II), which inhibits the DNA-dependent
synthetic processes [2]. Moreover, some peptides in-
jected to newborn animals produce delayed effects on
the development of the heart [S]. Our aim was to re-
veal possible delayed effects of vasoactive peptides
and to examine whether the effects of ET-1 and ANP-
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IT on heart morphogenesis are still opposite at latter
terms.

MATERIALS AND METHODS

Albino rats (n=72) received daily intraperitoneal in-
jections of ET-1 (50 ng/kg) and ANP-II (100 pg/kg)
on postnatal days 2-6. The peptides were synthesized
at the Laboratory of Peptide Synthesis of Russian Car-
diology Research-and-Production Complex, Ministry
of Health, Moscow. The controls received an equiva-
lent volume of 0.9% NacCl.

In series I, the rats were sacrificed on postnatal
day 21 (14 days after the final injection), in series II
the rats were killed on postnatal day 45. The hearts
were removed and fixed in 10% neutral formalin. Par-
affin sections (7 p) were routinely prepared. For visua-
lization of mitotic nuclei, the sections were treated
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with antibodies to proliferating cell nuclear antigen ? -
(PCNA, DAKO) followed by indirect streptavidin— © - %9 ,': S
biotin-diaminobenzidine visualization and hematoxy- 3199 SH 1 %
lin poststaining. Index of labeled nuclei was calculated 2| 2|85 X% 5 & g
as the percent of total number of cardiomyocyte (CMC) g o A Er: @ -
nuclei in the left ventricle (no less than 3000 nuclei — 2 o
were examined). For visualization of the nucleolus £ > I o
organizer region, the preparations were stained with 2 Pl_o|leeesg 2 %
50% AgNO;, [4]. A fragment of the myocardium from 3 3|2 e er n 9
the left ventricle was dissociated in 50% KOH and = § Leowy & 3
smears of isolated CMC were stained with amido 21 = Naop 5T
black B [1]. The morphometric indices of the nucleo- S & 7
lus organizer and isolated CMC (area and optical den- ‘—:’ < o
sity) were determined using a MEKOS-C computer- o Zg 82 g &
assisted image analysis system. S a8l % % & E, -
The data were analyzed statistically using Statis- © s TIYIRSET e &
tica 5.0 software and Student’s ¢ test at p<0.05. o o - oo 3
8 Q =
RESULTS 2l |8]|_|egsef s
= ~lsl=e=bh 2 =
L 8 N | 5| o o o 4+ ® o
Two weeks after the Sth injection of ET-1 to newborn S Sl ad288 ~ &
rats we observed a significant increase in the number 3 °Cl2R® T § ©
and total area of nucleoli. The number of DOTs (op- ol S
tically dense regions corresponding to the number of 2 @ .,
silver grains) also increased. These changes attest to 5 NI S~
activation of plastic function of CMC [4]. Significant @ 29299 H % S
increase in the total area and integral optical density R 2 Slgowaee § &
of CMC stained with amido black B (Table 1) attests c - A ¥ RO
to an increase in the total protein content in these cells. 2 E & 7
In 45-day-old rats we observed only the increase in the 5 § & 3
protein content. In the control, the number of PCNA- % w5 |~ 8838 « &
positive nuclei decreased with age (Table 1), which re- » YIE|IRRS L B %
flects a tendency to inhibition of CMC proliferation 3 3 ('2 N 2 g g 3
during postnatal ontogeny of the heart [6]. In both age 2 aas g @ T
groups treated with ET-1 or ANP-II the number of % o "
PCNA-positive nuclei did not significantly differ from 2| Y [ N
the control (Table 1). It should be noted that in new- § 2883 S o
born rats ET-1 stimulates DNA synthesis 24 h after @ 2199 % E SE E
five repeated injections [7], while similar injections of Z g T1IE8E8® N g
ANP-II inhibit it [2]. The number of PCNA-positive o o e gg ©
nuclei was higher than the number of nuclei labeled IS i i
with *H-thymidine. This phenomenon can be explai- B 8 8 o
ned by peculiar expression of PCNA, which is syn- < zls| =8 8 @ B
thesized throughout the mitotic cycle [8]. In some cell 3 518928 ﬁ il
populations (including myocardium) this phenomenon 5 3138 i = o 5|8
can be used for evaluation of the proliferating pool in o T 8 © 2
animals at the age of 1 month and older, when thymi- % = 9
dine index decreases below 0.1% [6]. At the same Z *g 3
time, parallel decrease in the number of nuclei initially 5 R L o g
labeled with *H-thymidine and PCNA-positive nuclei 3 = 3 S| &
in rat myocardium at the early postnatal stages con- 2 é 2 2 5% _§ 5 8 % o
firms the adequacy of the use of antibodies against to L"_J £ 25249328 S 5 2 ;
PCNA for evaluation of the number of cycling nuclei. w 5 82T Q ge| 2
Repeated injections of ANP-II on postnatal days a S E k& LEJ SO EZ | &
1-6 promoted the decrease of total area of nucleoli in s 280855282
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21-day-old rats against the background of stable geo-
metric and optical parameters. In these rats the number
of PCNA-positive CMC nuclei in the left ventricle did
not significantly differ from the control (Table 1). In
45-day-old test and control rats all myocardial indices
were similar.

Therefore, ET-1 and ANP-II can produce delayed
effects on plastic function of rat CMC. In 3-week-old
rats their effects on protein synthesis are similar to
their effect on DNA synthesis in newborns. In addi-
tion, the effects of ET-1 and ANP-II on protein con-
tent and activity of the nucleolus organizer are opposite.

The opposite effects of ET-1 and ANP-II can be
explained by their opposite effects on vascular tone.
ET-1 induces vasoconstriction via ET,-receptors [9].
ANP-II decreases Na" content in vascular wall thus
inducing vasodilation [11]. It is known that hemo-
dynamic load is an important factor controlling syn-
thesis of contractile proteins in the myocardium.

Participation of age-related peculiarities in the
realization of the effects of the examined peptides
cannot also be excluded. During the early postnatal
ontogeny the content of ET-1 in the heart increases
[12], while that of ANP-II decreases [10].

In comparison with ET-1, long-term treatment
with ANP-II changes fewer morphometric parameters.
In 45-day-old rats these changes were absent (Table 1).

Our study confirms the existence of opposite de-
layed effects of ET-1 and ANP-II on heart morpho-
logy in newborn rats.
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There is evidence on delayed behavioral changes
in rats receiving casomorphin during the early post-
natal ontogeny [3]. We conclude that the delayed
effects can also manifest in the form of structural
changes.
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