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AGE-RELATED MORPHOMETRIC CHARACTERISTICS OF REMODELING
OF ARTERIAL BED OF HIND LIMBS IN WHITE RATS WITH
EXPERIMENTAL HYPERCHOLESTEROLEMIA
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Background. The human organism is constantly affected by metabolic risk factors. All of them for a long
time are asymptomatic and often form in early childhood long before clinical manifestations. However,
morphogenesis and morphofunctional features of age-related structural changes in blood vessels of different
sites are poorly studied.

Objective. To evaluate the morphometric characteristics of arterial bed remodeling of hind limbs in white
rats of PRA and RA with experimentally induced hypercholesterolemia.

Methods. The tissues biopsies from femoral, knee and shin areas were studied by means of histological and
morphometric methods.

Results. Experimental hypercholesterolemia caused remodeling of vessels with increasing thickness of medial
and endothelial layer of vessels in the investigated parts of the rats’ body. In this case, the external diameter of
vessels increased only in femoral area in the reproductive group of rats. In the group of pre-productive animals,
the external diameter of the vessels studied was more or less unaffected. Thus, increased thickness of intima and
media led to a decrease in arteries capacity. The depth of vascular lesions and the decrease in functional capacity
of blood vessels were directly proportional to the duration of the experiment. In the group of reproductive rats,
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the changes in vascular bed were more evident.

Conclusions. Objective study of the processes allows providing a scientific basis for further research and
understanding of the pathomorphism of vascular diseases in humans.
KEY WORDS: hypercholesterolemia; arteries; remodelling; morphometria.

Introduction

Cardiovascular diseases take the first place
in the population mortality rate of the most
countries of the world and are characterized by
the increase in their prevalence rates, including
those at young able-bodied age [1, 2]. Accord-
ing to state statistics [3], in Ukraine over the
past 10 years the prevalence of obesity among
adolescents (15-17 years) per 1000 children
population has increased in 2.5 times [3]. The
human and animal organism is constantly af-
fected by metabolic risk factors: insulin resist-
ance, hyperinsulinemia, dyslipidemia, arterial
hypertension, abdominal obesity, hyperurice-
mia are the most significant. All of them are
asymptomatic for a long time and often formin
early childhood long before clinical manifesta-
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tions [4]. One of the first reactions to the toxic
effects of metabolites are structural changes of
vessels. However, morphogenesis and morpho-
functional features of age-related structural
changes in blood vessels of different sites are
poorly studied. In the literature the established
data is interpreted ambiguously. So, defining
the morphometric rearrangement of arteries of
femoral, knee and shin area of hind limbs in rats
of pre-reproductive (PRA) and reproductive age
(RA) with hypercholesterolemia (HH) is very
important. So, the aim of the research was to
evaluate the features of morphometric charac-
teristics of remodeling of arterial bed of hind
limbs in white rats of PRA and RA with experi-
mentally induced hypercholesterolemia.

Methods

Studies were performed by means of 64
white rats. The experimental group consisted
of 48 animals with biochemically confirmed
hypercholesterolemia. They were divided into
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2 groups: the first - 24 rats, 2-3 months-old in
age, weighing 150-170 grams; and the second -
24 rats aged 10-11 months, weighing 230-
250 grams. The control group consisted of rats
aged 2-3 and 10-11 months comprising 8 ani-
mals in each subgroup. Hypercholesterolemia
was modeled by feeding cholesterol at a dose
of 0.5 g/kg with warmed vegetable oil. To sup-
press thyroid function, Mercazolil was used at
a dose of 10 mg/kg [5, 6]. This mixture was ad-
ministered by means of an intragastric probe.

The level of cholesterolemia was deter-
mined by a biochemical method by means of a
semiautomatic biochemical analyzer Huma-
lyzer 2000 (Germany) using a standard set of
reagents and instructions for their use, Human
(Germany).

The biopsies of the tissues of femoral, knee
and shin areas were fixed in a 10% neutral for-
malin solution and, according to a standard
procedure, were sealed with paraffin. The de-
waxed microtome sections were stained with
hematoxylin and eosin, resorcin-fuchsin by
Weigert and van Gieson, fuchsin Hart, iron
hematoxylin by Heidenhain and alcian blue.
During histological preparations for morpho-
metry, the microscopes SEOSCAN, MBI-15 were
used. The image from the microscopes was
displayed on a computer monitor using the
programs VISION Color CCD Camera and In-
terVideoWinDVR. To determine the size of tis-
sue structures of vascular wall, the images of
histological sections were analysed using the
computer programs VideoTest-5.0, Kaare Image
Base. The external diameter (ED) of arteries,
the internal diameter (ID) of arteries, the thick-
ness of medial (TM), the thickness of intima (TI),
the resistance index of bandwidth capacity of
arteries (RIBCA) were determined. The latter
was calculated as the ratio of wall area of vessel
to the area of its lumen in percent [7]. Labora-
tory rats were taken out from the experiment
by bleeding after intraperitoneal injection of
sodium thiopental at a dose of 50 mg/kg of
body weight in 15, 30 and 45 days.

The rats were kept and all experiments were
carried out in compliance with the European
Convention for the Protection of Vertebrate
Animals used for Experimental and Other Sci-
entific Purposes (Strasbourg, 1986), the Gen-
eral Ethical Principles of Experiments on Ani-
mals adopted by the First National Congress on
Bioethics (Kiev, 2001). ), the Helsinki Declaration
of the World Medical Association (2000), the
Order of the Ministry of Health of Ukraine No.
281 from January 11, 2000.

Results

The level of cholesterolemia in the rats of
pre-reproductive age with experimental
hypercholesterolemia in 15 days was
(2.15£0.03) mmol/l, and in the rats of reproduc-
tive age - (2.20+0.03) mmol/I. In 30 days the
level of cholesterolemia in the PRA rats was
(2.68+0.04) mmol/l and in the RA rats -
(2.82+0.03) mmol/l. In 45 days the cholesterole-
mia level in the PRA rats was (2.83+0.05) mmol/|
and in the RA rats - (3.03+£0.03) mmol/I. In the
intact rats group, the level of cholesterolemia
was (1.80+0.04) mmol/l in the PRA animals and
(1.37+0.04) mmol/l in the RA animals.

Analysis of the obtained morphometric in-
dices in the animals of PRA and RA with ex-
perimental HH proved that they had a ten-
dency toincrease in comparison with the same
parameters in the animals of intact group. In
the rats of reproductive age, the structural
changes are presented in Table 1.

Thus, the external diameter of femoral
artery of the intact animals of reproductive age
increased from (525.41+2.70) ym to
(534.84+1.98) um, which was 1.8% at p<0.01 in
45 days of the experiment. The internal
diameter of femoral artery decreased by 4.65%
in 30 days and by 6.32% in 45 days of the
research (p<0.001). TTM of femoral artery
increased from (100.04+0.69) pym to
(114.44+0.76) um, which was 14.39% in 45 days
of the experiment (p<0.001).

The index of resistance to the femoral artery
capacity gradually increased from (161.04+1.50)
to (195.86+2.85)% in 30 days of the experiment
and to (205.88+2,21)% in 45 days (p<0.001) and
was higher by 21,62% and 27,84% respectively
(Fig. 1).

The external diameter of popliteal artery
and tibia artery in the rats of reproductive age
was more or less unchanged till the end of the
experiment. The internal diameter of popliteal
artery decreased in 30 days of the experiment
by 4.33% and in 45 days - by 5.55% (p<0.01).
The TTM of popliteal artery increased from
(81.29+0.37) um to (83.35+0.74) um in 15 days
(2.6% (p<0.05)), to (89.11£1.12) ym in 30 days
(9.6% (p<0.001)), and up to (90.69+0.94) pm
(11.56% (p<0.001)) in 45 days of the experiment.
Bandwidth resistance index of popliteal artery
increased by 5.56% in 15 days (p<0.01), in 30
days - by 20.55% (p<0.001), and in 45 days - by
24.53% (p<0.001).

Theinternal diameter of artery of tibial area
in the reproductive age animals in 15 days
decreased by 2.75% (p<0.05), in 30 days - by
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Table 1. Morphometric indices of arteries of hind limbs of the rats of reproductive age
with experimental hypercholesterolemia

Time of the . Parameters
experiment Area studied ED, pm ID, pm TTM, pm
Femoral artery 525.41£2.70 325.32+1.98 100.04£0.69
aInnuﬁgs Popliteal artery 416.691.50 254.12+0.97 81.29+0.37
Tibia artery 139.17£0.70 83.18+0.37 28.00+0.19
o Femoral artery 533.38+1.70* 321.17£2.52 106.11£1.01%**
1@'5*;?5 Popliteal artery 416.91+1.90 250.21+1.71 83.35+0.74*
Tibia artery 139.45+1.21 80.90+1.06* 29.27+0.32**
- Femoral artery 533.1522.75* 310.2321.97*** 111.46£1.02%**
Within Popliteal artery 419.65+2.26 241.4442.13%%* 89.11+1.12%%%*
30 days Tibia artery 140.2611.32 79.71%1.06%* 30.27+0.43%%*
o Femoral artery 534.84+1.98** 305.9621.41%** 114.44£0.76* **
Within Popliteal artery 419.95+2.37 238.5741.43%** 90.69:+0.94* **
45 days Tibia artery 140.731.37 79.57+1,13%* 30.58+0.66***

Notes: * - p<0.05; ** - p<0.01; *** - p<0.001

ED - external diameter; ID - internal diameter; TTM - thickness of tunica media.

4.2% (p<0.001) and in 45 days of the study - by
4.4% (p<0.001). Statistical significance (p<0.01)
of TTM arteries of tibial area increased in 15
days of the experiment, and in 45 days of the
experiment it was by 9.2% higher (p<0.001). The
ARIintibial area increased from (179.93+0.85)%
to (216.80+7.92)% in 45 days (p<0.001) and was
higher by 20.49%.

The tunica intima (TI) in the rats of repro-
ductive age (RA) in 15 days of the experiment
was significant only in the knee area (+4.8%
(p<0.05)). Morphometric indices of other re-
gions during this period were unreliable. After
30 days, the TI of femoral artery in the repro-
ductive animals increased by 7.78% (p<0.001),
and in 45 days - by 8.83% (p<0.001). In the
popliteal region the TI increased by 8.00% (in
30 days) and by 10.45% (p<0.001) in 45 days of
the experiment. The values of TI of tibial area

increased by 8.62% in 30 days and by 8.95%
(p<0.001) in 45 days.

In the animals of pre-reproductive age
(PRA), the morphometric parameters were
similar, although somewhat reduced (Table 2).
Thus, the external diameter of femoral artery
was more or less unchanged during the study.
The internal diameter of femoral artery decrea-
sed by 2% in 15 days (p<0.05), by 5.44% in 30
days and by 670% in 45 days of the study
(p<0.001).

The parameters of TM of femoral artery
increased in 30 days by 8.93% from
(69.53+0.85) um to (75.74+1.15) um (p<0.001);
In 45 days it increased by 11.11% to
(77.26+0.74) pm (p<0.001). The IHSS of femoral
artery gradually increased in 15 days by 6.4%
from (164.23+2.58) to (174.72+2.61)% (p<0.01),
in 30 days of the experiment - by 19.79% to

Table 2. Morphometric parameters of arteries of hind limbs of the pre-reproductive age rats
with experimental hypercholesterolemia, (Mtm)
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Time of the . Parameters
experiment Area studied ED, pm ID, pm TTM, pm
Femoral artery 361.66+2.18 222.60+1.10 69.53+0.85
amfggtls Popliteal artery 295.09+1.66 179.79+1.43 57.65+0.79
Tibia artery 94.83+0.87 56.54+0.47 19.15+0.29
o Femoral artery 361.50+2.48 218.25+1.54* 71.62+0.81
1";"32?5 Popliteal artery 295.69+1.66 174.59+1.41* 60.55+1.41*
Tibia artery 95.01+0.63 55.24+0.64 19.88+0.23
L Femoral artery 362.00+2.44 210.514£1.53*** 75.74+1.15%**
g’(‘)"ég')'/‘s Popliteal artery 296.03+1.75 170.02+1.32%** 63.00£0.84* **
Tibia artery 95.28+0.96 54.21+0.53** 20.53+0.32**
o Femoral artery 362.10+2.25 207.704£1.57*** 77.26+0.74%**
Xg"ég‘;s Popliteal artery 296.83+1.84 169.98+1.46%** 63.430.68* **
Tibia artery 95.77+0.83 54.04+0.39%** 20.87+0.29%**

Notes: * - p<0.05; ** - p<0.01; *** - p<0.001.
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(196.74+4.48)% (p <0.001) and in 45 days - by
24,67% to (204.76%3,10)% (p<0.001) (Fig. 2).

The external diameter of popliteal artery
and tibial artery in the PRA rats, (and in the RA
animals) didn't change just about till the end
of the experiment. The internal diameter of
popliteal artery decreased in 15 days by 2.9%
(p<0.05), in 30 days - by 5.44%, in 45 days - by
5.46% (p<0.001). The TM of popliteal artery
increased in 15 days by 5% (p<0.05), in 30 days -
by 9.28% (p<0.001) and in 45 days of the
experiment - by 10.02%. The RIBCA of popliteal
artery increased by 10.33% in 15 days (p<0.01),
in 30 days - by 19.95%, and in 45 days - by
20.81% (p<0.001). The internal diameter of
artery of tibial area decreased in 15 days of the
study by 2.30%, in 30 days - by 4.11% (p<0.01),
and in 45 days - by 4.43% (p<0.001). The TM of
artery of tibial region increased by 7.26%
(p<0.01) in 30 days of the experiment, and in 45
days of the experiment it increased by 8.98%
(p<0.001). The RIBCA of tibial region arteries
increased in 45 days of the experiment from
(181.82+3.45) to (214.43+3.33)% (p<0.001) and
was by 17.93% higher than the control.

The thickness of intima of arteries in the
PRA rats with experimental hypercholester-
olemia increased a bit less than in the rats of
RA.In 15 days of the experiment, the thickening
of the intima was not reliable at all levels of the
study. In 30 days, the TI of femoral artery in-
creased by 6.90% (p<0.01), and in 45 days - by
7.63% (p<0.001); the TI of popliteal artery in-

creased in 30 days by 7.69% (p<0.01) and in 45
days - by 9.61% (p<0.001); the increase of TI of
tibial artery was 6.58% (p<0.01) in 30 days and
8.40% (p<0.001) in 45 days of the experiment.

Discussion

Arteries remodelingis initiated as an adap-
tive process in response to altered circulatory
conditions or to the influence of any humoral
agents. The arterial vessels are shaped through-
out life: the walls of vessels thicken, their rigid-
ity increases. The endothelium dysfunction and
its increased permeability are indicators of
arteries aging. These negative processes result
in an enhanced synthesis of vasoconstrictor
substances: angiotensin II and endothelin. At
the same time, vasodilation development fac-
tors: nitric oxide, prostacyclin decrease, are
manifested [8, 9]. In conditions of insufficient
amount of nitric oxide, the endothelium of ves-
sels cannot fulfil its inherent functions, and the
decrease in the amount of NO in the vessels is
the cause of atherosclerosis, other cardiovas-
cular diseases and one of the first signs of aging
of vascular bed. Intima diffusely thickens due
to the aging of arteries that is caused by the
accumulation of extracellular matrix proteins,
smooth myocytes, collagen, glycosaminogly-
cans in it. These factors contribute to the en-
hanced adhesion of monocytes to the luminal
surface of endothelium and are one of the
stages of atherosclerotic plaque formation in
arteries. There is evidence that vessel intima
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thickens in 2-3 times for the period of from 20
to 90 years old [10, 11].

The Proteins of extracellular matrix of the
middle shell of arteries undergo significant
structural and functional changes in aging. In
the vessels there is an excessive deposition of
calcium, transition of smooth myocytes from
media into intima. Elastin of arteries is thinned
that is characterized by fragmentation phenom-
ena under the influence of matrix metallopro-
teinases and transforming growth factor-TGF-3
[12, 13]. In contrast, the collagen protein syn-
thesis is promoted with the assistance of an-
giotensin II, which increases the rigidity of
collagen itself and vascular wall [14, 15].
Smooth myocytes in the intima of vessels are
characterized by increased proliferation. This
promotes the adhesion of blood cells to the
endothelium of arterial vessels, thickening of
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