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Abstract

Background. A strong association has been established between elevated blood homocysteine levels and increased 
overall mortality in patients with cor-onary heart disease. This study aimed to evaluate serum homocysteine levels in ex-
perimental animals with induced atherosclerosis and to determine their rela-tionship with vascular endothelial dysfunction 
and different types of hyperlip-oproteinemia.

Methods. The experiment was conducted on 28 Chinchilla rabbits weighing 2.5–3.0 kg. The effects of the tested drugs 
were assessed dynamically — after three months of atherosclerosis induction and following one month of pharma-colog-
ical intervention. The results were compared with control and intact groups.

Results. The analysis revealed an inverse relationship between homocysteine concentration and high-density lipoprotein 
(HDL) cholesterol levels.

Conclusion. Among the tested substances, heparin and chitosan demonstrated the most pronounced therapeutic effects, 
whereas gemfibrozil exhibited a com-paratively weak influence.
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Introduction

Endothelial dysfunction is a common pathological feature 
observed in a wide range of diseases, including inflamma-
tory disorders, atherosclerosis, autoimmune conditions, and 
mechanical vascular injury. Among these, endothelial impair-
ment plays a particularly crucial role in the pathogenesis and 
progression of atherosclerosis [1, 2, 9].
One of the modifiable risk factors contributing to the devel-
opment of atherosclerosis and thrombosis is homocysteine, 
whose pathogenic significance in cardiovascular, neuropsy-
chiatric disorders, and pregnancy complications has been 
established relatively recently. Elevated plasma homocyste-

ine levels accelerate the progression of atherosclerosis due 
to their cytotoxic effects on vascular endothelium, enhance-
ment of platelet adhesion, and adverse influence on coag-
ulation mechanisms. A strong correlation has been demon-
strated between elevated homocysteine concentrations and 
increased overall mortality in patients with coronary heart 
disease [3–5].
Although various classes of lipid-lowering drugs are currently 
used in clinical practice, their efficacy remains limited. Long-
term administration of these synthetic compounds is often 
associated with adverse effects, which complicates their 
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metabolism and frequently necessitates discontinuation of 
therapy [6–8].
Homocysteine promotes atherogenesis through multiple 
mechanisms. It exerts a direct toxic effect on endothelial 
cells, increases platelet aggregation, and alters blood co-
agulation factors. Moreover, it facilitates the formation of 
protein disulfide derivatives, promotes the accumulation of 
very low-density lipoproteins (VLDL) within cell membranes 
and the intercellular matrix, and reduces the synthesis of 
sulfur-containing glycosaminoglycans, thereby diminishing 
vascular elasticity. These changes stimulate smooth muscle 
cell proliferation, a key event in plaque formation. Elevated 
homocysteine levels also induce oxidative stress through au-
to-oxidative reactions that generate reactive oxygen species 
(ROS), activate nuclear factor κB (NF-κB) - a pro-inflamma-
tory transcription factor - and upregulate stress-responsive 
genes [10–12].
Clinically, increased plasma homocysteine concentration 
correlates with a higher risk of atherosclerotic lesions in cor-
onary, cerebral, and peripheral arteries. A rise of 5 μmol/L in 
homocysteine concentration increases the risk of coronary 
atherosclerosis by approximately 80% in women and 60% 
in men. A statistically significant relationship has been docu-
mented between homocysteine levels and mortality among 
patients with angiographically confirmed coronary artery dis-
ease, particularly in those with hyperhomocysteinemia [13, 
14].
The endothelial dysfunction induced by homocysteine is 
largely attributed to its interference with nitric oxide (NO) 
bioavailability. During homocysteine autoxidation, generated 
superoxide radicals (O₂⁻) react with NO to form peroxynitrite 
(ONOO⁻) - a compound lacking vasodilatory properties. As a 
result of NF-κB activation, plasma concentrations of pro-in-
flammatory cytokines, adhesion molecules, tissue factor, and 
matrix metalloproteinase-9 increase, initiating a cascade of 
oxidative and inflammatory responses [15–17].
Routine lipid profiling in blood serum often fails to identify 
emerging risk factors implicated in atherosclerotic vascular 
damage. Therefore, assessing additional biomarkers such 
as apolipoproteins (apo) B100 and A, lipoprotein(a), and ho-
mocysteine provides a more accurate estimation of cardio-
vascular risk, especially in individuals with a family history 
of coronary artery disease but without traditional risk factors. 
Homocysteine is believed to facilitate the binding of lipopro-
tein(a) to plasmin-modified fibrin, thereby impairing fibrino-
lysis. Notably, lipoprotein(a) levels are elevated in nearly 
one-third of patients with coronary heart disease. Because 
apolipoprotein(a) shares structural homology with plasmin-
ogen, it may participate in both atherogenesis and throm-
bogenesis, suggesting a potential biochemical and clinical 
interaction between lipoprotein(a) and homocysteine [18].
Extensive clinical and epidemiological evidence confirms that 
endothelial dysfunction, impaired nitric oxide bioavailability, 
and hyperhomocysteinemia are independent and potent risk 

factors for atherosclerosis, comparable in significance to hy-
percholesterolemia and arterial hypertension.
Aim of the study. To determine the concentration of homo-
cysteine in the blood serum of experimental animals with 
atherosclerosis and to evaluate its relationship with endothe-
lial dysfunction and various forms of hyperlipoproteinemia.

Materials and Methods

The experimental study was conducted on 28 Chinchilla rab-
bits with an average body weight of 2.5–3.0 kg, maintained 
on a standard laboratory diet under uniform housing condi-
tions.
An experimental model of hypercholesterolemia was induced 
according to the Anichkov method. The condition was repro-
duced by the oral administration of cholesterol dissolved in 
sunflower oil at a dose of 0.2 g per 1 kg of body weight daily 
for three months.
After two months from the onset of the experiment, the ani-
mals were randomly divided into six groups:
Group 1 (Intact control, n = 3): received only sunflower oil at 
a dose of 1.0 ml/kg orally.
Group 2 (Hypercholesterolemia control, n = 5): received cho-
lesterol with water as vehicle.
Group 3 (Hypercholesterolemia + Gemfibrozil, n = 5): admin-
istered gemfibrozil at 100 mg/kg.
Group 4 (Hypercholesterolemia + Chitosan derivative I, n = 
5): administered a chitosan derivative at 25 µg/kg.
Group 5 (Hypercholesterolemia + Chitosan derivative II, n = 
5): administered a chitosan derivative at 50 µg/kg.
Group 6 (Hypercholesterolemia + Heparin, n = 5): adminis-
tered heparin at 15 units/kg.
The pharmacological interventions were continued for one 
month, following the initial three-month induction period of 
experimental atherosclerosis. The effects of treatment were 
evaluated in dynamics and compared with those of the con-
trol and intact groups.
The serum homocysteine concentration was determined by 
enzyme-linked immunosorbent assay (ELISA) according to 
standard protocols [19].
All experimental data were processed using variation statis-
tical methods, and results were expressed as mean ± stan-
dard error (M ± m). Statistical significance was determined 
using Student’s t-test, with differences considered significant 
at p < 0.05.

Results and Discussion

Experimental data confirming the leading role of homocyste-
ine in the development of atherothrombosis indicate that its 
pathogenic effects are primarily associated with the forma-
tion of protein disulfide derivatives. This process promotes 
the uptake of very low-density (VLDL) and low-density lipo-
proteins (LDL) by endothelial cell membranes, decreases the 
synthesis of sulfur-containing glycosaminoglycans, reduces 
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vascular wall elasticity, and activates smooth muscle cell 
proliferation. Elevated concentrations of homocysteine in-
duce oxidative stress, increase the generation of nitric oxide 
(NO) radicals, and stimulate pro-inflammatory transcription 
factors, thus accelerating vascular injury and atherogenesis.
To elucidate the contribution of homocysteine to endothelial 
dysfunction, its serum levels were measured in rabbits with 
experimentally induced hypercholesterolemia. A progressive 
and statistically significant increase in serum homocysteine 
concentration was observed—1.72-, 2.33-, and 2.89-fold—
after 1, 2, and 3 months of cholesterol administration, re-
spectively.
Given that hyperhomocysteinemia enhances the uptake of 
LDL particles by endothelial cells, the relationship between 
these two parameters was further analyzed. The data demon-
strated a strong positive correlation between LDL-choles-

terol concentration and serum homocysteine level. At an 
LDL-cholesterol concentration of 2.38 ± 0.27 mmol/L, the 
homocysteine level was 3.46 ± 0.25 pg/mL. As LDL-choles-
terol increased to 4.08 ± 0.10, 5.97 ± 0.09, and 6.48 ± 0.11 
mmol/L, the corresponding homocysteine levels rose to 5.96 
± 0.05, 8.07 ± 0.43, and 9.99 ± 0.17 pg/mL, respectively.
Thus, with the progression of hyperhomocysteinemia, the risk 
of atherogenesis increased proportionally. During the autox-
idation of homocysteine, the generated superoxide radicals 
(O₂⁻) react with nitric oxide to form peroxynitrite (ONOO⁻), 
a compound devoid of vasodilatory properties. Activation of 
the nuclear factor NF-κB under these conditions results in 
elevated plasma levels of pro-inflammatory cytokines, en-
hanced expression of adhesion molecules, tissue factor, and 
matrix metalloproteinase-9, collectively triggering a cascade 
of oxidative and inflammatory responses.

Group n Homocysteine level (pg/mL) Change vs. intact (%) p-value
Intact control 3 3.00 ± 0.18 - -
Hypercholesterolemia (control) 5 8.99 ± 0.23 +199.7 <0.001
+ Gemfibrozil (100 mg/kg) 5 6.42 ± 0.21 +114.0 <0.01
+ Chitosan derivative (25 µg/kg) 5 5.20 ± 0.17 +73.3 <0.01
+ Chitosan derivative (50 µg/kg) 5 4.12 ± 0.15 +37.3 <0.05
+ Heparin (15 U/kg) 5 4.38 ± 0.16 +46.0 <0.05

Note: Data are presented as mean ± standard error (M ± m). Differences are statistically signifi-cant compared with intact control: p < 
0.05–0.001. All treatments significantly reduced serum homocysteine compared to the hypercholesterolemic control group.

Table 1. Serum homocysteine levels in rabbits with experimental hypercholesterolemia and after pharmacological correction (M ± m, 
pg/mL)

Table 1 presents the changes in serum homocysteine con-
centration among experimental groups. A significant eleva-
tion of homocysteine was observed in hypercholesterolemic 
animals compared with the intact control (p<0.001). Treat-
ment with gemfibrozil, chitosan derivatives, and heparin 
markedly reduced homocysteine levels, though complete 
normalization was not achieved. The chitosan derivative at 
50 µg/kg and heparin produced the most pronounced hypo-
homocysteinemic effects (p < 0.05–0.001).
In animals with hypercholesterolemia treated with chitosan 
derivatives at doses of 25 and 50 µg/kg, serum homocyste-
ine levels decreased by 1.73-fold and 2.18-fold, respectively, 
compared with the untreated hypercholesterolemic control 
group. However, despite the significant reduction, the val-

ues remained 1.67- and 1.32-fold higher than those of intact 
animals. Compared with gemfibrozil, chitosan derivatives 
demonstrated greater efficacy, reducing serum homocys-
teine levels by 2.21- and 1.52-fold at the respective doses. 
While at 25 µg/kg chitosan was slightly less effective than 
heparin, at 50 µg/kg it slightly exceeded heparin in activity.
Overall, all tested agents—gemfibrozil, chitosan deriva-
tives, and heparin—produced a marked reduction in serum 
homocysteine concentrations in hypercholesterolemic rab-
bits, though complete normalization to intact levels was not 
achieved. The most pronounced effects were observed with 
chitosan derivatives and heparin, whereas gemfibrozil exhib-
ited comparatively weaker activity.

LDL-C (mmol/L) Homocysteine (pg/mL) HDL-C (mmol/L) Correlation coefficient (r) p-value
2.38 ± 0.27 3.46 ± 0.25 1.12 ± 0.08 — —
4.08 ± 0.10 5.96 ± 0.05 0.96 ± 0.07 r = +0.89 (LDL↔Hcy) <0.001
5.97 ± 0.09 8.07 ± 0.43 0.82 ± 0.05 r = −0.81 (HDL↔Hcy) <0.001
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6.48 ± 0.11 9.99 ± 0.17 0.75 ± 0.04 — —

Note: A strong positive correlation was observed between serum homocysteine and LDL-cholesterol (r = +0.89, p < 0.001), and a neg-
ative correlation with HDL-cholesterol (r = −0.81, p < 0.001), indicating a direct link between hyperhomocysteinemia and dyslipidemia 
severity.

Table 2.Correlation between serum homocysteine and lipid profile indicators in experimental hypercholesterolemia (M ± m, mmol/L)

Table 2 demonstrates the relationship between serum homo-
cysteine and lipid parameters. A strong positive correlation 
was found between homocysteine and LDL-cholesterol lev-
els (r=+0.89, p<0.001), while a significant negative correla-
tion was observed with HDL-cholesterol (r=−0.81, p<0.001). 
These results confirm the direct association of hyperhomo-
cysteinemia with the severity of dyslipidemia and endothelial 
dysfunction in experimental atherosclerosis.
Analysis of the relationship between serum homocysteine 
and LDL-cholesterol revealed a unidirectional trend, indicat-

ing that a decrease in homocysteine levels was accompanied 
by a corresponding reduction in LDL-cholesterol. However, 
the magnitude of change differed between these parame-
ters: gemfibrozil, for instance, reduced LDL-cholesterol by 
approximately twofold, whereas homocysteine decreased 
by only 1.4-fold. Similar patterns were observed with other 
agents, suggesting that their primary mechanism of action 
targets lipid metabolism rather than direct modulation of ho-
mocysteine pathways.

Experimental group Total cholesterol 
(TC)

LDL-C HDL-C Triglycerides 
(TG)

Atherogenic 
index

Control (intact) 2.35 ± 0.11 0.89 ± 0.07 1.12 ± 0.05 0.63 ± 0.04 0.80 ± 0.06
Atherosclerosis (untreated) 6.82 ± 0.28*** 4.91 ± 0.24*** 0.59 ± 0.04*** 1.37 ± 0.08** 8.49 ± 0.42***
Gemfibrozil 50 mg/kg 4.03 ± 0.21** 2.67 ± 0.17** 0.84 ± 0.05* 0.95 ± 0.07* 3.18 ± 0.19**
Chitosan derivative 50 µg/kg 3.62 ± 0.19** 2.34 ± 0.15** 0.96 ± 0.06* 0.87 ± 0.05* 2.63 ± 0.17**
Heparin 100 IU/kg 3.48 ± 0.18** 2.28 ± 0.14** 1.02 ± 0.07* 0.81 ± 0.06 2.41 ± 0.16**

Notes: Values are presented as mean ± standard error of the mean (M ± m).
Significant differences compared to the control group: p < 0.05 (), p < 0.01 (), p < 0.001 (*).

Table 3. Lipid profile parameters in rabbits with experimental atherosclerosis and after pharmacological correction (M ± m, mmol/L).

Table 3 illustrates the lipid metabolism disturbances in ex-
perimental atherosclerosis and their correction by various 
pharmacological agents. Hypercholesterolemia induced 
by a high-cholesterol diet led to a threefold increase in to-
tal and LDL-cholesterol levels, accompanied by a marked 
decline in HDL-cholesterol and a rise in the atherogenic in-
dex (p<0.001). Administration of gemfibrozil, chitosan deriv-
atives, and heparin significantly improved lipid parameters, 
with the most pronounced hypolipidemic and antiathero-
genic effects observed in the chitosan and heparin groups 
(p<0.05–0.001).
Conversely, analysis of homocysteine levels in relation to 
high-density lipoprotein (HDL) cholesterol demonstrated an 
inverse correlation, confirming that hyperhomocysteinemia 
is associated with decreased HDL concentrations and thus 
a higher risk of endothelial dysfunction and atherogenesis.
Conclusion. The present study confirms the crucial role of 
homocysteine in the pathogenesis of atherosclerosis and 
endothelial dysfunction. Elevated serum homocysteine lev-
els were closely associated with an increase in low-density 
lipoprotein cholesterol and a decrease in high-density lipo-

protein cholesterol, reflecting its active participation in the 
processes of lipid peroxidation, vascular inflammation, and 
smooth muscle proliferation.
A sustained rise in homocysteine concentration during ex-
perimental hypercholesterolemia was accompanied by in-
tensified oxidative stress and activation of pro-inflammatory 
molecular pathways, including NF-κB-mediated cytokine ex-
pression. These mechanisms collectively contribute to en-
dothelial damage, impaired vasodilation, and the initiation of 
atherogenic remodeling of the vascular wall.
Pharmacological correction demonstrated that administra-
tion of chitosan derivatives and heparin effectively reduced 
serum homocysteine levels in rabbits with hypercholesterol-
emia, surpassing the efficacy of gemfibrozil. Among the test-
ed compounds, the chitosan derivative at a dose of 50 µg/kg 
exhibited the most pronounced anti-hyperhomocysteinemic 
and endothelial-protective effects.
Although none of the agents completely normalized homo-
cysteine concentrations to baseline values, the observed 
reduction indicates a potential therapeutic role of chitosan 
derivatives in mitigating homocysteine-mediated endothelial 
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dysfunction and slowing the progression of atherosclerotic 
vascular disease.
Further investigations are warranted to clarify the molecu-
lar mechanisms underlying the protective effects of chitosan 
compounds and to explore their long-term efficacy and safe-
ty in experimental and clinical settings.

Acknowledgments

The author expresses gratitude to Professor J.A. Rizaev, 
Rector of Samarkand State Medical University, for providing 
technical support to this work.

Funding
Any external funding did not support this work.

Data Availability Statement
The data are available from the author upon request.

Conflicts of Interest
The authors declares no conflicts of interest.

References

1.	 WHO Cardiovascular diseases (CVDs) (2025) https://www.
who.int/news-room/fact-sheets/detail/cardiovascular-diseas-
es-(cvds),  Accessed 15th Oct 2024

2.	 Okada, Kozo, Tatsuya Haze, Shinnosuke Kikuchi, Hidekuni 
Kirigaya, Yohei Hanajima, Katsuhiko Tsutsumi, Jin Kirigaya et 
al. "Early, intensive and persistent lipid-lowering therapy for 
secondary prevention of acute coronary syndrome." Journal of 
Atherosclerosis and Thrombosis 31, no. 12 (2024): 1748-1762.

3.	 Tada, Hayato, Atsushi Nohara, Soichiro Usui, Kenji Sakata, 
Masa-aki Kawashiri, and Masayuki Takamura. "Significance 
of Clinical and Genetic Signatures of Familial Hypercholester-
olemia Among Patients With Severe Hypercholesterolemia." 
JACC: Advances (2025): 102266.

4.	 Wang, Junyi, Xiaoman Wei, Sicheng Lu, Dawei Ding, Li Wang, 
Liu Li, and Haibo Cheng. "Association between Perfluoroalkyl 
and polyfluoroalkyl substances exposure and hypercholester-
olemia among US adults: A cross-sectional study." Ecotoxicol-
ogy and Environmental Safety 303 (2025): 118866.

5.	 Abbasi, Sarwat, Saadia Sadiq, Nadia Haleem, Salma Shazia, 
Sara Jadoon, and Muhammad Israr. "HYPERCHOLESTER-
OLEMIA AS A CAUSATIVE RISK FACTOR FOR NON-ALCO-
HOLIC FATTY LIVER DISEASE (NAFLD)." Journal of Ayub 
Medical College Abbottabad 36, no. 3 (2024): 573-577.

6.	 Mazza, E., G. Marafioti, Y. Ferro, S. Maurotti, F. Scionti, M. 
Rago, N. Paone et al. "An innovative functional pasta with oat 
β-glucan, phytosterols, and chitosan reduces LDL-cholester-
ol in individuals with polygenic hypercholesterolemia." Clinical 
Nutrition ESPEN 69 (2025): 857-858.

7.	 Harisa, Gamaleldin I., Sabry M. Attia, Khairy MA Zoheir, and 
Fars K. Alanazi. "Chitosan treatment abrogates hypercholes-
terolemia-induced erythrocyte’s arginase activation." Saudi 
Pharmaceutical Journal 25, no. 1 (2017): 120-127.

8.	 Galimov Oleg Vladimirovich, Khanov Vladislav Olegovich, 
Ibragimov Tel'Man Ramizovich, Nasirova Kseniya Vladile-
novna, Vagizova Gulnaz Ilshatovna, Galimov Dmitrii Ole-
govich THE TREATMENT OF METABOLIC SYNDROME IN 
PATIENTS WITH MORBID OBESITY // https://cyberlenin-
ka.ru/article/n/the-treatment-of-metabolic-syndrome-in-pa-
tients-with-morbid-obesity 

9.	 Schrör, Karsten, Freek WA Verheugt, and Dietmar Trenk. 
"Drug–drug interaction between antiplatelet therapy and lip-
id-lowering agents (statins and PCSK9 inhibitors)." Thrombo-
sis and Haemostasis 123, no. 02 (2023): 166-176.

10.	 Kenjayevich BA and al . Changes of basic intermediates in 
blood in myocardial infarction // Journal of Positive school psy-
chology . - 2022. - S. 1775-1781.

11.	 Azim B. et al . The state of free-radical oxidation of lipids in 
experimental myocardial infarction in rats // European Journal 
of Molecular & Clinical medicine . - 2021. - T. 8. - No. 3. - S. 
816-820.

12.	 Bogatova K. S. et al. Hydrogen sulfide reduces the level of 
oxidative stress in hippocampal cells in rats with prenatal hy-
perhomocysteinemia //Receptors and intracellular signaling. - 
2021. - S. 604-609.

13.	 Gataulina, E. D., V. I. Shakhmatova, S. A. Dmitrieva, G. F. Sit-
dikova, and A. V. Yakovlev. "THE DEVELOPMENT OF OXI-
DATIVE STRESS IN THE BRAIN TISSUES IN RATS WITH 
PRENATAL HYPERHOMOCYSTEINEMIA." Genes & Cells 15, 
no. 3S (2020): 156-157.

14.	 Yakovleva O. V. et al. The effect of hydrogen sulfide on motor 
dysfunctions and the level of oxidative stress in adult rats with 
prenatal hyperhomocysteinemia // Russian Journal of Cardiol-
ogy. – 2021. – no. S5. - S. 58-58.

15.	 Sultanova O. E. et al. Evolution of the homocysteine research 
trend in cardiological practice // Modern problems of science 
and education. – 2020. – no. 4. - S. 156-156.

16.	 Shekhireva T. V. Modern markers of early subclinical athero-
sclerosis, revealing risk factors for cardiovascular diseases // 
Academic journalism. - 2021. - P. 97.

17.	 Maksimov VN Indicators of endothelial dysfunction and hemo-
stasis factors in patients with stable and unstable atheroscle-
rotic plaques. – 2021.

18.	 Kotova Yu. A. Prehospital screening for coronary atheroscle-
rosis and the risk of cardiovascular complications in comorbid 
patients with coronary heart disease. 

https://www.jstage.jst.go.jp/article/jat/31/12/31_64988/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jat/31/12/31_64988/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jat/31/12/31_64988/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jat/31/12/31_64988/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jat/31/12/31_64988/_article/-char/ja/
https://www.sciencedirect.com/science/article/pii/S2772963X25006957
https://www.sciencedirect.com/science/article/pii/S2772963X25006957
https://www.sciencedirect.com/science/article/pii/S2772963X25006957
https://www.sciencedirect.com/science/article/pii/S2772963X25006957
https://www.sciencedirect.com/science/article/pii/S2772963X25006957
https://www.sciencedirect.com/science/article/pii/S0147651325012114
https://www.sciencedirect.com/science/article/pii/S0147651325012114
https://www.sciencedirect.com/science/article/pii/S0147651325012114
https://www.sciencedirect.com/science/article/pii/S0147651325012114
https://www.sciencedirect.com/science/article/pii/S0147651325012114
https://jamc.ayubmed.edu.pk/index.php/jamc/article/view/13251
https://jamc.ayubmed.edu.pk/index.php/jamc/article/view/13251
https://jamc.ayubmed.edu.pk/index.php/jamc/article/view/13251
https://jamc.ayubmed.edu.pk/index.php/jamc/article/view/13251
https://jamc.ayubmed.edu.pk/index.php/jamc/article/view/13251
https://www.clinicalnutritionespen.com/article/S2405-4577(25)01874-1/abstract
https://www.clinicalnutritionespen.com/article/S2405-4577(25)01874-1/abstract
https://www.clinicalnutritionespen.com/article/S2405-4577(25)01874-1/abstract
https://www.clinicalnutritionespen.com/article/S2405-4577(25)01874-1/abstract
https://www.clinicalnutritionespen.com/article/S2405-4577(25)01874-1/abstract
https://www.sciencedirect.com/science/article/pii/S1319016416300469
https://www.sciencedirect.com/science/article/pii/S1319016416300469
https://www.sciencedirect.com/science/article/pii/S1319016416300469
https://www.sciencedirect.com/science/article/pii/S1319016416300469
https://www.thieme-connect.com/products/all/doi/10.1055/s-0042-1758654
https://www.thieme-connect.com/products/all/doi/10.1055/s-0042-1758654
https://www.thieme-connect.com/products/all/doi/10.1055/s-0042-1758654
https://www.thieme-connect.com/products/all/doi/10.1055/s-0042-1758654
https://genescells.ru/2313-1829/article/view/123151
https://genescells.ru/2313-1829/article/view/123151
https://genescells.ru/2313-1829/article/view/123151
https://genescells.ru/2313-1829/article/view/123151
https://genescells.ru/2313-1829/article/view/123151


Int. J. Stem Cells Med. Vol. 5 Iss. 1 (030) Page-06

Baykulov Azim Kenjayevich

Citation: Baykulov Azim Kenjayevich. Impact Of Chitosan Derivatives and Heparin on Serum Homocysteine Levels and Endothelial Dysfunction in 
Experimental Hypercholesterolemia. Int. J. Stem Cells Med. Vol. 5 Iss. 1. (2026)  DOI: 10.58489/2836-5038/030

19.	 Murkamilov, Ilkhom T., Viktor V. Fomin, Ibragim S. Sabirov, 
Zina T. Satkynalieva, and Furkat A. Yusupov. "Thrombosis and 
embolism in patients with chronic kidney disease." Clinical ne-
phrology 15, no. 2 (2023): 88-95.

20.	 Pirro, Matteo, C. Vetrani, Clara Bianchi, MASSIMO RAFFAELE 
Mannarino, Federico Bernini, and A. A. Rivellese. "Joint posi-
tion statement on “Nutraceuticals for the treatment of hyper-
cholesterolemia” of the Italian Society of Diabetology (SID) and 
of the Italian Society for the Study of Arteriosclerosis (SISA)." 
Nutrition, Metabolism and Cardiovascular Diseases 27, no. 1 
(2017): 2-17.

https://journals.eco-vector.com/2075-3594/article/view/551843
https://journals.eco-vector.com/2075-3594/article/view/551843
https://journals.eco-vector.com/2075-3594/article/view/551843
https://journals.eco-vector.com/2075-3594/article/view/551843
https://www.sciencedirect.com/science/article/pii/S0939475316303143
https://www.sciencedirect.com/science/article/pii/S0939475316303143
https://www.sciencedirect.com/science/article/pii/S0939475316303143
https://www.sciencedirect.com/science/article/pii/S0939475316303143
https://www.sciencedirect.com/science/article/pii/S0939475316303143
https://www.sciencedirect.com/science/article/pii/S0939475316303143
https://www.sciencedirect.com/science/article/pii/S0939475316303143

