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Fivefold administration of L-type Ca 2+ channel blocker verapamil in a dose of 1.5 mg/kg to 
newborn rats increased the parameters of DNA-synthetic activity in the myocardium: labeling 
index and intensity increased 1.24-fold on average. Body weight decreased with simultaneous 
increase in the absolute and relative heart weight. Morphometric parameters of the nucleus 
and nucleoli were practically unaffected. Our findings suggest that the Ca 2+ channel blocker 
verapamil administered at the early postnatal stages can modulate morphogenesis of the heart. 
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Influences on the heart in the early postnatal ontogeny 
considerably modulate its sensitivity to damaging fac- 
tors in adults [3]. L-type voltage-dependent Ca 2§ chan- 
nels appear in the early postnatal period, which allows 
to use verapamil in pediatrics [10,11]. Ca > channel 
blockers improve heart recovery after myocardial in- 
farction and stimulate fibroblast proliferation in cell 
culture [7,12]. At the same time verapamil inhibits 
proliferation of smooth muscle cells in the intima of 
blood vessels during atherosclerosis development [4] 
and proliferation of B cells in mice in response to T- 
dependent antigen [9]. In light of this, of particular 
interest is to study the effect of verapamil on DNA 
synthesis in the myocardium of newborn rats. 

MATERIALS AND METHODS 

Experiments were carried out on 43 rat pups. Verapa- 
rail (in 2-ml ampoules, 50 mg per ampoule, Knoll) was 
administered intraperitoneally in a dose of 1.5 mg/kg on 
days 2 through 6 between 11.0 and 13.00. Control 
animals received equivalent volume of isotonic NaC1. 
The animals were decapitated one day after the last in- 
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jection. 3H-thymidine (specific activity 1530 TBq/mol) 
was injected intraperitoneally in a dose of 1 gCi/g 
body weight 1 h before sacrifice. 

Parameters of DNA synthesis: labeling index (LI, 
%) and label intensity (mean number of silver grains 
over nucleus) were assessed on histotopographic sec- 
tions in 10 myocardial areas: subendocardial, intra- 
mural, and subepicardial layers of the left and right 
ventricles, subendocardial and intramural layers of the 
interventricular septum, and in the left and right atria. 
The dynamics of the body weight and the absolute and 
relative weight of the heart (heart weight/body weight 
ratio at sacrifice) were evaluated. 

The data were processed statistically using the 
Student t test. 

RESULTS 

Five intraperitoneal injecnons of verapamll in a dose 
of 1.5 mg/kg significantly increased LI in 6 myocardial 
areas (Table 1). The maximum increase was observed 
in subepicardial layer of the left ventricle (by 27.34%). 

In parallel with the increase in LI, the intensity of 
label increased in all heart areas (by on average 24%). 
This parameter maximally increased in areas exhibi- 
ting no LI rise: intramural myocardial layer of the 
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TABLE 1. Effect of 5-Fold Verapamil Administration on DNA-Synthetic Activity in Cardiomyocytes of Newborn Rats (M+m) 

LI, % Label intensity 
Area 

control verapamil control verapamil 

Atrium 

left 

right 

Left ventricle 

subendocardial 

intramural 

subepicardial 

Interventricular septum 

subendocardial 

intramural 

Right ventricle 

subendocardial 

intramural 

subepicardial 

8.02• 

8.64• 

9.29• 

7.09• 

5.91• 

9.31• 

7.86• 

7.63-+0.49 

6.4• 

5.21• 

8.01• 

8.3-+0.44 

11.87-+0.26" 

8.86-+0.43* 

7.35• 

11.77• 

9.63-+0.43* 

9.04• 

7.42-+0.52 

6.38-+0.3 

11.13• 

12.56• 

12.6• 

11.15• 

11.32• 

12.88• 

11.61-+0.55 

12.09-+0.68 

10.43• 

10.6• 

17.07-+0.58" 

16.32-+0.44" 

15.92-+0.61 * 

13.71_+0.43" 

13.87-+0.43" 

15.62+-0.62 * 

14.3-+0.24* 

14.39_+0.48" 

13.6+0.29 * 

12.1 -+0.36" 

Note. *p<0.05 compared with the control. 

right ventricle (by 30.39%) and in the left and right 
atria (by 30.21 and 29.94%, respectively). 

When analyzing the mechanisms of stimulation of 
DNA synthesis one should take into account the fact 
that the decrease of Ca 2+ concentration in the medium 
stimulates cell proliferation, which is associated with 
a decrease in cell adhesion, enlargement of intercellu- 
lar spaces, and disappearance of desmosomes [8]. Ve- 
rapamil interacts with calmodulin involved in tubulin 
polymerization and formation of mitotic spindle mi- 
crotubules [ 1 ]. 

Treatment with verapamil increased the content of 
not only Ca 2+, but also other second messengers. There 
are experimental data on accumulation of cGMP and 
a decrease in the content of isoproterenol-induced 
cAMP in guinea pig heart [2,5]. These shifts in the 
concentration of second messengers are typical of sti- 
mulation of DNA synthesis. 

On postnatal day 2, rat pups of the control and 
experimental groups did not differ in body weight 
(8.2+0.18 and 7.91+0.3 g, respectively). Verapamil 
treatment significantly decreased the body weight on 
postnatal day 7 (13.23+0.3 v s .  14.55+0.46 g in the 
control). 

Verapamil increased both the absolute (90.44+ 
2.45 v s .  76.31+3.06 mg in the control) and relative 
weight of the heart (6.78 v s .  5.32+0.24 mg/g in the 
control). 

The state of protein-synthesizing apparatus in car- 
diomyocytes under these conditions was assessed by 
morphometric parameters of the nucleolar organizer 

determined by analyzing histological sections stained 
with AgNO 3 on a MEKOS-Ts image analysis system 
[6]. The area and number of nucleoli per nucleus and 
the number of NOR granules (nucleolar organizer re- 
gion-associated proteins) and their area in the nucleo- 
lus were determined (Table 2). Additionally, deri- 
vative parameters were calculated, which most reliably 
characterized functional activity of nucleoli: total area 
of nucleoli (number of nucleolixarea of nucleolus) and 
NOR granules in the nucleolus (number of granu- 
lesxarea of granule). According to published data, 
these parameters characterize activity of ribosome genes 
and indirectly reflect the intensity of protein synthesis 
in cardiomyocytes. The area and perimeter of car- 
diomyocyte nuclei were also measured [6]. 

TABLE 2. Effect of 5-Fold Verapamil Administrat ion on 
Morphometr ic  Parameters of Nucleus and Nucleol i  in 
Cardiomyocytes of Newborn Rats 

Parameter Control Verapamil 

Perimeter of nucleus, la 

Area of nucleus, la 2 

Number of nucleoli 

Area of nucleoli, la 2 

Number of granules 

Total area, la 2 

of nucleoli 

of granules 

23.77 

38.25 

1.98 

0.85 

4.53 

1.65 

0.17 

22.81 

36.14 

2.07 

0.81 

4.28 

1.67 

0.15 
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The number of nucleoli was the same in the ex- 
perimental and control groups (1.98i0.07 and 2.07+ 
0.06, respectively, Table 2), which agrees with pub- 
lished data on the presence of 1-2 nucleoli in cardio- 
myocyte nuclei. 

The absence of significant changes in morpho- 
metric parameters indirectly suggests that the increase 
in heart weight is not associated with activation of 
protein synthesis. The most probable explanation is 
enhanced blood supply of the microcircularoty bed [ 1 ]. 
However, other mechanisms cannot be excluded. 
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