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Abstract

This study examined the efficacy of a combination of plant extracts and the reference drug
Rosuvastatin Agio in a rabbit model of experimental atherosclerosis. The condition was in-
duced by administering atherogenic substances (cholesterol and vitamin D2) for three months,
resulting in severe hypercholesterolemia and pronounced aortic arch atherocalcinosis. The
results showed that 30-day use of the plant extract resulted in more pronounced lipid profile
normalization than Rosuvastatin: total cholesterol decreased by 89%, and the atherogenicity
index decreased from 23.0 to 2.7. Histological analysis confirmed the therapeutic efficacy,
manifested in the regression of calcification foci and restoration of the structural order of vas-
cular wall layers. Both therapies promoted normalization of blood glucose levels. These data
demonstrate the high hypolipidemic and antiatherosclerotic potential of the studied extract.
Keywords: experimental atherosclerosis, atherocalcinosis, plant extract, rosuvastatin, lipid
profile, total cholesterol

Introduction gradual occlusion of the arterial lumen and

Atherosclerosis remains one of the most
serious medical and social problems of the
21st century, being the primary pathogenetic
factor in the development of cardiovascular
diseases such as coronary heart disease and
myocardial infarction. The disease is charac-
terized by chronic inflammation of the vas-
cular wall, dyslipidemia, and the formation
of atherosclerotic plaques, which leads to

hemodynamic impairment.

Despite significant advances in mod-
ern pharmacology in lipid profile correc-
tion (in particular, the use of statins), the
search for alternative and complementary
treatments remains urgent. This is due to
the side effects of synthetic drugs, as well
as the need for a comprehensive approach
to address various pathogenesis factors:
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oxidative stress, inflammation, and endo-
thelial dysfunction.

In this context, phytoextracts with high
bioavailability and a polyvalent mechanism
of action are of particular interest. Alfalfa
(Medicago sativa): known for its high con-
tent of saponins and flavonoids, which can
bind cholesterol in the intestine and reduce
its levels in the blood. Hibiscus (Hibiscus
sabdariffa): rich in anthocyanins and organ-
ic acids, which exhibit pronounced antiox-
idant properties and promote vasodilation.
Anise (Pimpinella anisum): contains essen-
tial oils (anethole), which have anti-inflam-
matory potential and the ability to modulate
metabolic processes.

Histological examination is the “gold
standard” for assessing the effectiveness of
anti-atherosclerotic therapy, as it allows vi-
sualization of morphological changes in the
vascular wall, the degree of lipid infiltration,
and the preservation of the structural com-
ponents of the intima and media.

The aim of this study is to comparatively
evaluate the effects of alfalfa, hibiscus, and an-
ise extracts on the morphofunctional state of
the aorta and the dynamics of atherosclerotic
changes in experimental hyperlipidemia.

Materials and Methods

Objects of study: Alfalfa (Medicago sa-
tiva), Hibiscus (Hibiscus sabdariffa), Anise
(Pimpinella anisum), plants growing in the
mountainous regions of Uzbekistan.

Rosovustatin Agio, produced by the Indi-
an company Agio Pharmaceuticals Ltd., was
used as a comparison drug.

Extraction technology. Samples of
crushed Hibiscus Sabdariffa raw materials
(dried petals) and Pimpinella anisum were
placed in an enamel container, filled with
water in a ratio of 1:10, covered with a lid,
and extracted for 60—90 min at a tempera-
ture of 60 °C. Then, the extract was filtered
and freeze-dried. 25 g of dried crushed dry
mass of Medicago sativa L. herb was placed
in a two-necked flask and poured with 500
ml of distilled water, extracted for 1.5 hours
at a temperature of 70°C. Then, the extract
was filtered. A second stage of extraction was
carried out under the same conditions for 45
min, the extracts were combined, evaporated
on a rotary evaporator, and freeze-dried.

Section 1. Chemistry

Atherosclerosis model. The animals
were administered crystalline cholester-
ol (STOCK-MED MCHJ, China) in a dose of
200 mg/kg in cottonseed oil in a volume of
4.0-4.5 ml using an automatic pipette for
a long period (3 months). After 1 month of
cholesterol administration, vitamin D2 (ergo-
calciferol), a 0.0625% solution in oil, was add-
ed to the animals’ diet at a dose of 0.256 ml/kg
for 30 days to enhance aortic lipidosis. In or-
der to enhance sclerotic changes in the aorta
and reduce the time of atherosclerosis induc-
tion, 1 month after the start of cholesterol ad-
ministration and for the next 30 days, the an-
imals were administered adrenaline at a dose
of 0.04 mg/kg of body weight intravenously
every 5 days (i.e., 6 injections). After three
months, the surviving animals were divided
into three groups: Group 1 (control) received
water orally, Group 2 received a combination
of extracts at a dose of 40 mg/kg, and Group
3 received the reference drug Rosuvastatin-
Adgio at a dose of 0.4 mg/kg for 30 days. At
the end of the experiment, the animals were
transferred to the Republican Pathological
Anatomy Center in Tashkent for histological
examination of their organs and vessels.

Blood was collected dropwise from the
rabbit’s ear vein into microtubes over time.
A study of the baseline parameters was con-
ducted after 3 months of challenge and after
15 and 30 days of treatment of the following
parameters: total protein, glucose, lipid spec-
trum: triglycerides (TG), total cholesterol
(TC), high-density lipids (HDL), low-density
lipids (LDL), on a biochemical analyzer using
kits from CYPESS DIAGNOSTICS (Germany).

The content of very low density lipo-
protein cholesterol (VLDL, mmol/l) and
the atherogenic coefficient of cholesterol
(AC_, O0.U.) were calculated using the Fried-
wald formula:

xc=—TC_HDL, VLDL:E, (1)
HDL 5

total protein, glucose, lipid profile: tri-
glycerides (TG), total cholesterol (TC),
high-density lipids (HDL), low-density lipids
(LDL), very low-density lipoproteins (VLDL),
and cholesterol atherogenic index (CAI)
Statistical analysis. All data were pre-
sented as mean =+ standard error of the mean
(SEM). Statistical analyses were performed

AC
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using R software (version 4.4.2; R Core Team,
2024) with the necessary statistical packages.
Descriptive analysis was used to summarize
the parameters. Inferential statistics, spe-
cifically Student’s t-test, were conducted to
compare the means of parameters between
the control and CE groups, with a signifi-
cance level of p-value < 0.05. Analyses across

Section 1. Chemistry

time periods were performed for water and
food intake using appropriate statistical tests
based on the assumptions of each dataset.

Results and discussions
Table 1 presents the results of studies of
biochemical parameters of rabbit blood on
the cholesterol model.

Table 1. Blood biochemical parameters of rabbits administered
atherogenic substances and after treatment with extracts and
rosuvastatin in a rabbit model of atherosclerosis (M + m,n = 4)

Treatment duration, days

Treatment C .. R .
Tests Exo dus o f bai ting, mon th Omp()Sltlon osuvastatin
of extracts
2 3 15 30 15 30
Total -
OllPro- geni42 00,0460  830£62  850:44 86,0446 86,0444  84,0+4.4
tein, g/1
Glucose, |\ 09%  51:02%  58:03*  42:03#  42:03#  46:04F  4.2:034
mmol/1
TC,
24402  194+15%  254+18%  81+0,6#  28+02#  92+0,64%  7,8+0,64
mmol/]
TG,
1,6£0,1  6,8+0,5*  81+0,6*  23+02%  20£02%  3,6+£02%#  4,1+0,6%#
mmol/1
VLDL
0324002 1,36+0,12  1,6+0,14* 0,46£0,03*#  0,4+0,03*# 0,72+0,05%# 0,82+0,03*#
mmol/]
LDL,
0,3840,03  1,6+0,10* 2,6640,12% 0,33£0,02# 0,40£0,02# 0,384£0,02# 0,32+0,02#
mmol/1
HDL,
0,76£0,06  1,1£0,08*  1,14008* 0,85:0,06%# 0,75:0,06% 0,72+0,05%# 0,81+0,06%
mmol/1
AC,  22:0,18 166£134* 230£17%  85:0,64#% 27:0,64#% 11,8¢1,3%  87+0,64#*

Note: *p < 0.001 relative to outcome. #p < 0.001 relative to control

Administration of atherogenic substanc-
es for 2 and 3 months resulted in significant
changes in the lipid profile and carbohydrate
metabolism: The atherogenic index (AOX) in
the control group increased sharply from 2.2
to 23.0, confirming the successful creation of
a model of severe atherosclerosis.

In the experimental group, after 15 days
of using the extract composition, the TC in-
dicator decreased by 3.1 times compared
to the 3-month control (p < 0.001), and af-
ter 30 days, it was not significantly different
from the baseline. TG and VLDL decreased
by 3.5 and 4.1 times, respectively, compared
to the control after 15 and 30 days. AOX de-
creased by 2.7 times after 15 days of treat-
ment, and after 30 days, TG, VLDL, and AOX
approached baseline values. Treatment with

Rosuvastatin for 15 and 30 days resulted in
a 2.8- and 3.3-fold reduction in TC levels,
and a 2.3- and 2.0-fold reduction in TG and
VLDL levels, respectively, compared to con-
trol levels. AOX decreased by 2.0 times after
15 days of treatment and by 2.6 times after
30 days.

Thus, the therapeutic effect of the ex-
tract on the 30th day almost completely
normalized the lipid profile of rabbits with
cholesterol-induced atherosclerosis, and AOX
approached baseline values. Rosuvastatin
also had a positive effect on lipid profile, but
TC and TG levels remained 2—-3 times higher
than baseline values. According to the table,
the extract composition demonstrated a more
pronounced and rapid normalization of total
cholesterol levels and the atherogenic index
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compared to rosuvastatin over this period (30
days). All changes after treatment were highly
significant (p < 0.001) compared to the con-
trol group (“treatment”).

Under the conditions of this experiment,
the plant extract demonstrated a more pro-
nounced ability to reduce total cholesterol
and normalize the atherogenic index com-
pared to rosuvastatin by day 30 of treatment.

Histological studies were conducted on
control and experimental animals. Figure
1 shows the histopathological morpholog-
ical picture of aortic arch atherosclerosis in
a control animal.

Figure 1. Aortic arch of a rabbit in
which atherosclerosis was induced by
administration of cholesterol powder
and vitamin D2. General appearance
of large foci of atherocalcinosis in the
aortic arch at low magnification (Size:
10 x 4. Staining: Hematoxylin-Eosin)

Large foci of atherocalcification are de-
tected in the vessel wall. These calcifications
are clearly located in the tunica media (mid-
dle layer) of the vessel. Massive plaques pro-
truding into the lumen are visible, almost
blocking blood flow. The microscopic speci-
men clearly shows large foci of calcification
(atherocalcinosis), stained dark purple/
black. This is the final stage of atheroscle-
rotic plaque formation, characterized by the
deposition of calcium salts in necrotic tissue.
Around the calcification foci, metachromasia,
defragmentation, and depolymerization of
elastic fiber bundles are observed, as well as
disorganization of the matrix between these
bundles. The calcification foci are intensely
stained with hematoxylin (blue-violet), and
homogenized areas stained with eosin (pink)
are visible around them. Significant thicken-
ing and destruction of the aortic layers is ob-

Section 1. Chemistry

served. The atherosclerotic plaque protrudes
into the vessel lumen, which, in vivo, leads to
hemodynamic compromise.

Pathological features of the classic stages
of lipofibromatosis and atherosclerotic ulcer-
ation are fully expressed, indicating the de-
velopment of atherocalcinosis. An example
of this is the intense hematoxylin staining
of elastic fiber bundles that are not yet fully
fragmented, making them resemble calcifica-
tion foci (normally, elastic fibers do not stain
intensely with hematoxylin). Between these
two zones, focal proliferation of cells of mes-
enchymal origin is observed: smooth muscle
cells, fibroblasts, fibromyocytes, and mac-
rophages. Connective tissue proliferation
and destruction of the elastic framework of
the vessel are visible, characteristic of severe
stages of atherosclerosis induced by vitamin
D2, which accelerates vascular calcification.
Administration of vitamin D2 along with
cholesterol explains the presence of massive
calcifications visible at low magnification.

The microscopic picture (figure) fully
confirms the results of laboratory tests from
the table.

This image provides visual evidence of the
profound organic vascular pathology that de-
veloped during the “priming” phase. The effec-
tiveness of treatment (Extract or Rosuvasta-
tin), as demonstrated by biochemical analyses,
was aimed at preventing further progression
of these lesions and normalizing lipid metabo-
lism to halt the growth of these plaques.

Figure 2. Aortic arch of rabbits in
which atherosclerosis was induced by
administering cholesterol powder and

vitamin D2 for 3 months and which were
then treated for 30 days with the

extract composition (Size: 10 x 10.
Staining: Hematoxylin-Eosin)
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In Group 2, which received treatment
with the extract composition for 30 days,
Figure 2 demonstrates positive dynamics in
aortic structure during therapy.

The ordering of the layers was restored,
and the wall appeared more structured. Cal-
cification foci were virtually absent or sig-
nificantly reduced in volume. A decrease in
vacuolization and lipid infiltration of the in-
tima was observed. The improvement in wall
structure is explained by a sharp reduction in
atherogenic fractions. For example, in the ex-
tract group, TC decreased to 2.8+0.2 mmol/L,
and LDL to 0.40+0.02 mmol/L, which halted
the destructive process and initiated mecha-
nisms for partial tissue restoration.

Group 3: A group of rabbits treated with
Rosuvastatin for 30 days.

The surface of the endothelial layer of
the aortic tunica intima is uneven, with fo-
cal deendothelialized (desquamated) areas.
In the subendothelial layer, fibrolipoma-
tous plaque formation is observed due to the
proliferation, infiltration, and lysis of foam
cells, myocytes, and fibroblasts. Partial fo-
cal changes are observed in the aortic media
tunica, including disorganization and depo-
lymerization of elastic fibers. Fibrinoid ne-
crosis and plasma edema are found between
the media and intima. The adventitia appears
normal.

Section 1. Chemistry

Figure 3. Aortic arch of rabbits in
which atherosclerosis was induced by
administration of cholesterol powder and
vitamin D2 for 3 months and then treated
with rosuvastatin for 30 days (Group 2).
General appearance of fibrolipomatous
plaque in the subendothelial layer
of the tunica intima (Size: 10 x 10.
Staining: Hematoxylin-Eosin)

Conclusion

The study results demonstrated that the
experimental model of atherocalcinosis was
successfully created and effectively treated.
Morphological restoration of the aortic wall
is fully consistent with a biochemical re-
duction in total cholesterol by ~89% in the
extract group and normalization of the ath-
erogenic index. Histopathological analysis
clearly confirms that severe atherocalcinosis
developed during the experiment is signifi-
cantly corrected by treatment with the ex-
tract composition, resulting in stabilization
of the vascular wall structure and a reduction
in the rate of calcification.
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