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The cerebral arterial smooth myocytes of dogs with experimental hypertension (n=12), its 
correction (n=10), and of intact dogs (n=8) were studied. The structure of myocyte popula-
tion changed under conditions of vascular wall hyperfunction: the size of the cytoplasm and 
nuclei, DNA content in the nuclei, mitotic activity, and percentage of binuclear forms in-
creased. Thickening of the tunica media in intraorgan arteries was caused by such cytological 
mechanisms as leiomyocyte hyperplasia and hypertrophy. The cells shrank after elimination 
of hypertension, while vascular polyploidy persisted.
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We previously showed that changes in functional load 
of the coronary arterial wall after correction of hy-
pertension did not lead to disappearance of the vas-
cular myocyte polyploidy, which had developed dur-
ing hypertension [5]. Study of the cerebral arterial 
smooth myocytes (SM) during hypertension and after 
its correction is essential for theoretical and practical 
medicine [7,9,12], because this structural component 
largely determines the strength of the vessels [6,14]. 
Simulation of aortic coarctation on animals, leading 
to hyperfunction of the cerebral arterial walls [2,13], 
and its subsequent correction open new vistas in this 
trend of research.

We studied the structure of the cerebral arterial 
SM population under conditions of their different func -
tional load.

MATERIALS AND METHODS

Coarctation of the aorta was modeled surgically [8] 
in 22 dogs aged 3-4 months. After 12 months, the 
defect was repaired in 10 of them and observation 

was continued for another 12 months. Intact animals 
served as controls (n=8). The animals were sacrifi ced 
by bleeding (under narcosis). Smooth myocytes from 
the middle cerebral artery were isolated by alkaline 
dissociation [1], the preparations were stained with 
hematoxylin and eosin and after Feulgen (hydrolysis 
in 5 N HCl at 37oC for 12 min). Linear dimensions 
of SM and their nuclei were measured by a screw 
ocular micrometer and their areas and volumes were 
calculated [10]. The mitotic index and percentage of 
binuclear forms were evaluated (3000 cells were ana-
lyzed). The content of DNA in the nuclei of mono-
nuclear and binuclear myocytes was analyzed on a 
MIF-K cytophotometer at λ=580 nm. The data were 
processed by variation statistics methods.

RESULTS

The size of SM and their nuclei in the tunica media of 
cerebral artery increased in animals with experimental 
hypertension (Fig. 1, b) in comparison with the control 
(Fig. 1, a), which was confi rmed by the results of cyto- 
and karyometry (Table 1). The length of SM increased 
1.2 times, transverse section 1.6 times, area and vol-
ume 1.9 and 3 times, respectively. The same picture 
was observed for SM nuclei: the length increased 1.1 
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in mononuclear myocytes (Fig. 2). Smooth myocytes 
divided by mitosis (Fig. 1, d). Mitotic activity reached 
0.21% (no mitoses were detected in the control). This 
was paralleled by increment in the percentage of bi-
nuclears in the SM population (Fig. 1, c): the percent 
of these cells in the control was just 0.3% vs. 2.9% 
(10-fold more) after defect modeling. These changes 
refl ected hypertrophy, hyperplasia, and polyploidy in 
the structure of SM population of the cerebral artery 
tunica media under conditions of long-term hyperfunc-
tion caused by hypertension.

Surgical repair of experimental hypertension led 
to partial normalization of the morphometric values in 
the SM population (Table 1): the length and transverse 
section of cells decreased 1.1 and 1.2 times, the area 
and volume 1.3 and 1.6 times, respectively. However, 
the values did not reach the control level and were 
1.4 and 1.8 times higher for the area and volume, re-
spectively. This trend was detected in measurements 
of the myocyte nuclei: the length and transverse sec-
tion decreased 1.1 and 1.3 times, area and volume 1.3 
and 1.7 times, respectively, but still 1.2- and 1.4-fold 
surpassed the control values. No proliferation of SM 

a c

b d

Fig. 1. Isolated SM from the middle cerebral artery in the control (a) and in hypertension (period of observation 12 months): b) myocyte 
hypertrophy; c) binuclear cell; d) mitosis telophase. Alkaline dissociation. Hematoxylin and eosin staining, ×1000.

Fig. 2. Content of DNA in the SM nuclei of the dog middle cerebral 
artery tunica media. Ordinate: percentage of mononuclear myocytes. 
Bars: classes of DNA-synthesizing nuclei of mononuclear smooth 
myocytes.

times, transverse section 1.5 times, area and volume 
of the nuclei 1.7 and 2.8 times, respectively. Cyto-
photometry showed a 2-fold increase in DNA content 
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was noted. Hence, reduction of the functional load of 
vascular wall after correction of long-standing cere-
bral hypertension promoted reversibility of the cere-
bral arterial SM hypertrophy. On the other hand, DNA 
content in the nuclei (Fig. 2) and content of binuclear 
elements (3%) virtually did not change in myocyte 
population after correction of the defect.

The study showed that experimental hypertension 
causes changes in the structure of SM population in the 
middle cerebral arteries tunica media: development of 
hypertrophy, proliferation, and polyploidy processes. 
This phenomenon was also detected in SM of coronary 
arteries [5]. Hence, previously detected thickening [10] 
of the tunica media of intraorgan arteries under con-
ditions of hyperfunctioning is caused by cytological 
mechanisms: SM hyperplasia and hypertrophy.

When discussing the mechanism of polyploid 
trans formation of smooth muscle tissue it was em-
phasized that the increase of tangent tension in the 
vessels is paralleled by activation of DNA synthesis 
in myocyte nuclei. The present study revealed an in-
crease in the count of binuclear SM and of mitotic 
activity in the cerebral arteries under conditions of 
hypertension. Various destructive factors lead to an 
increase in the content of binuclear forms in cell pop-
ulations of the vascular wall [3], which is regarded 
as a variant of polyploidy [11]. We found that SM 
population was most reactive after cryodestruction 
of the rat aorta: the index of labeled nuclei increased 
more than 50-fold in comparison with the control [4]. 
Hence, hyperfunction of the vessels (hypertension) 
leads to the formation of polyploid SM as a result of 
polyploidizing mitosis, a variant of incomplete mi-
tosis [11]. Our fi ndings also indicate mitotic origin 
of binuclear elements: the proportion between DNA 
content in the nuclei of the same binuclear vascular 
myocyte is close to 1. Replication of DNA provides 
cell hyperplasia or polyploidy, underlying the intrac-
ellular regeneration processes [7].

Alleviation of the functional load of the cerebral 
arterial wall leads to changes in the SM population 
structure, similar to those developing after correction 
of hypertension in the coronary arteries. The size of 
vascular myocytes and their mitotic activity change 
depending on the functional loading. SM polyploidy 
(increase in DNA content and of percentage of bi-
nuclear cells), resultant from hyperfunction, persists 
after reduction of the loading. Irreversibility of poly-
ploidy in cell populations is confi rmed in published 
reports [11].
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