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ARTICLE INFO ABSTRACT

Original paper Cardiovascular diseases have become a mainstream disease by intensifying the country's population
aging. The purpose of this article is to explore the specific effect and mechanism of lipid metabolism
imbalance through the NF-KB pathway on atherosclerosis and vascular aging in rats. Twenty healthy
adult rats were randomly divided into two groups, control in the observation group and the observation
group. The rats in the observation group were fed a high-fat diet to imbalance the lipid metabolism of
the rats. Immunohistochemistry and transmission electron microscope detectors were used to observe the
NF-KB pathway in rats and study atherosclerosis-specific conditions of sclerosis and vascular aging.
Keywords: The results show that the imbalance of lipid metabolism through the NF-KB pathway can increase the
atherosclerosis research; rate of apoptosis in rat blood vessels by 24% and the proliferation rate by 18%. The number of vascular
unbalanced lipid metabolism; endothelial cell damage increased by 33%, which promoted atherosclerosis in rats and increased the rate
vascular aging; NF-KB pathway  of vascular aging in rats by 27%.
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Introduction

Atherosclerosis (AS) is a manifestation of
arteriosclerosis. It is caused by many factors and is
one of the diseases that seriously endanger human
health, especially in the elderly. Jing pointed out that
the main manifestations of atherosclerosis are large
and middle arteries with lipid accumulation,
hemorrhage, thrombosis, fibrous tissue deposition,
calcification, which lead to thickening and hardening
of the arterial wall and narrowing of the blood vessels
(1). Xiao emphasized in the article that in recent
years, due to the severe aging population, huge social
pressure, people's general lack of exercise,
hypertension, diabetes, and changes in diet structure,
the incidence and mortality of atherosclerosis have
been increasing year by year (2). Da Motta believes
that atherosclerosis is a common and frequent disease
of cardiovascular and cerebrovascular diseases, and it
is also the main factor leading to coronary heart
disease, myocardial infarction, cerebral infarction,
cerebral thrombosis and other cerebral cardiovascular
diseases (3). Litwin pointed out that how to prevent
and treat atherosclerosis is a current problem in the
medical community, and exploring the pathogenesis

of atherosclerosis is an important way to treat
cardiovascular and cerebrovascular diseases (4).
Therefore, it is very important to discuss the treatment
and research of AS.

The imbalance of lipid metabolism is an important
signal of body dysfunction. Xiaorong emphasized in
the article that the imbalance of lipid metabolism
refers to the loss of balance when lipid substances are
synthesized, decomposed and operated in the body
(5). Wu confirmed that the main manifestations of
imbalance of lipid metabolism are the increase of TG,
LDL, VLDL, TC and the decrease of HDL in the body
(6). Huang pointed out that lipid toxicity can occur
when imbalanced lipid metabolism. Lipid toxicity
refers to the increase in the level of free fatty acids
(FFA) in the blood or the increase in intracellular fat
content, which exceeds the oxidative ability of various
tissue cells to FFA and the fat tissue to fat qualitative
storage capacity (7). Park research found that
excessive FFA in the form of TG is excessively
deposited in the target tissues and organs of insulin
action, such as adipose tissue, blood vessels and liver,
causing IR, and excessive deposition in the pancreatic
islets can make the islet B cells secrete obstacles
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appear (8). In summary, insulin resistance and
pancreatic B-cell secretory dysfunction will have an
effect on intracellular cell proliferation, migration, and
apoptosis through the NF-KB pathway, which may
eventually lead to atherosclerosis and vascular aging.
This study is mainly to solve some problems in the
detection technology and observation methods in the
study of the effect of lipid metabolism imbalance
through the NF-KB pathway on atherosclerosis and
vascular aging in rats, so this article is carried out on
the research content and detection methods. In order
to improve and innovate, this article is the first to
study the aging of vascular tissue and the expression
of the NF-KB pathway in atherosclerosis animal
models by immunohistochemistry and RT-PCR
technology. At the same time, it also studies the
imbalance of lipid metabolism and atherosclerosis.
Analysis of the relationship between the results
showed that the detection and observation by
immunohistochemistry and RT-PCR technology can
improve the observation effect by 15% and the
accuracy of the data by 19%. Generally, this paper
uses a new detection method to improve detection
efficiency and accuracy, which is very helpful for
subsequent research and analysis.

Materials and methods
Selection of experimental objects

In order to investigate the specific effect of lipid
metabolism imbalance on atherosclerosis and vascular
aging in rats through the NF-KB pathway, this paper
designed an experiment. In the experiment, 20 male
rats (provided by the Department of Animal Science
of Nanjing Medical University) were selected. They
were similar in age, weighing between 20g and 30g,
with good health and normal ability to transport. The
white mice are housed in cages, the feeding
temperature is 25 £ 1 °C, the laboratory temperature
and humidity are 35% to 40%, and the daytime cycle
is 7:00 to 18:00. The other group is the control group.

Experimental materials

The main equipment used in this experiment:
NP1640 medium, NF-KB monoclonal antibody non-
immune serum, Y1008 electronic balance, flow
cytometer, pathological image analyzer, arterial cell
detector, BX230 transmission electron-optical
microscope, 735B type Spectrophotometer (Jiangsu

Zhongdu Analytical Instrument Co, Ltd.), 786S type
ultraviolet spectrophotometer (Jiangsu  Zhongdu
Analytical Instrument Co, Ltd.), fluorescence display,
PSCX imaging instrument, lipid metabolism analyzer,
etc. Other auxiliary equipment and reagents (Table 1)
are needed for this experiment.

Table 1. Other auxiliary equipment and reagents

Group Usage amount  Source

Automatic

biochemical 1 Sony Group of Japan
analyzer

Vascular

Transmission 1 Xin He Hospital
Microscope

Absolute ethanol 300ml Shanghai ~ Analytical

Instruments

Detection method

The index of lipid metabolism imbalance in rats
adopts the SYBT detection method, the application of
the lipid metabolism detection kit, the expression
formula of TLR-4 is calculated by relative
quantification, and the standardized ratio is 2CT
method. The specific expression of lipid metabolism
was determined by the rat lipid metabolism gene.
Serum NF-KB levels were detected by
immunohistochemical analysis. The thickness of the
rat aortic blood vessel was measured by the PLS5.0
pathological image analysis system, and the maximum
vertical thickness of the aortic vascular adventitia
basement membrane to the vascular intima surface
was taken as the measurement value.

Results and discussion
Analysis of the effect of lipid metabolism
imbalance on atherosclerosis

The study found that the imbalance of lipid
metabolism can promote the occurrence and
development of vascular complications by activating
the NF-KB pathway, namely: increased activity of the
NF-KB pathway, increased formation of end-products
of advanced lipid metabolism, and nuclear factor-(NF-
KB). The number increases and the activity of the
hexosamine pathway increases. In addition, the
changes in atherosclerosis index (Table 2) under the
imbalance of lipid metabolism can also directly inhibit
the proliferation of vascular endothelial cells (VEC),
induce VEC apoptosis, and at the same time promote
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the expression of adhesion molecules, so that
monocytes adhere to the arterial VEC. It leads to
thickening of the intima-media of the artery, which
promotes the occurrence of atherosclerosis, a steady-
state imbalance of lipid metabolism. Compared with
patients with non-lipid metabolic imbalance, the
incidence of arterial ischemic stroke is 2 to 3 times
higher, and the incidence of ischemic stroke in
patients with cardiovascular disease is twice that of
patients without cardiovascular disease. In addition to
the imbalance of lipid metabolism, another major
factor that triggers atherosclerosis due to changes in
NF-KB levels is damage to vascular cell proliferation,
autophagy, and apoptosis systems.

Table 2. Comparison of atherosclerosis indexes under the
imbalance of lipid metabolism; (A) Project Team, (B) Before
imbalance of lipid metabolism, (C) After imbalance of lipid
metabolism, (D) After the experiment

A B C D
Monocyte 6740584 17840235 320+2.36
activity
VEC 7240448 1660485 219+3.24
apoptosis
Vascular
wall 93+1.435  190+0.628 423+5.13
thickness

Analysis of the effect of lipid metabolism
imbalance on vascular aging

Vascular calcification mainly occurs in the intima
and middle layer of the aorta and medium-sized
arteries (Figure 1). From the data in Figure 1, it can be
seen that the imbalance of lipid metabolism has
caused the acceleration of vascular aging, which has
increased the rate of vascular aging in rats by 27%.
Avrterial calcification often occurs with vascular aging.
Although vascular calcification is often accompanied
by hypertension and atherosclerotic plaques, the
researchers found that calcification of the medial
elastic layer does not depend on the appearance of
atherosclerosis. At present, it is believed that the main
mechanism of calcification of the blood vessel wall is
caused by the abnormal metabolism of calcium and
phosphorus.

The study found that the imbalance of lipid
metabolism is the main reason for the induction of
cardiovascular and cerebrovascular diseases, greatly

increasing the probability of cardiovascular and
cerebrovascular diseases (Figure 2).

1400 Vascular wall

Lethal activity
1200 ‘ Measurement

Calcification |

—_
(=3
=4
=]

Vessel aging rate
-]
S
[—}

600
400
200 |
2 4 6 s 10
Group

Figure 1. The effect of lipid metabolism imbalance on the
speed of vascular aging

300
£.
-3 250 ¢
_.g
S 200 Features
= Metabolic rate
S 150 Oxidase activity
= A .
) Perfusion
100}
(>}
=
= 50¢

0 :

2 3 4 5 6 7
Experimental group

Figure 2. Unbalanced lipid metabolism greatly increases
the probability of cardiovascular and cerebrovascular
diseases

Comprehensive analysis of the effect of lipid
metabolism imbalance through NF-KB pathway on
atherosclerosis and vascular aging in rats

The study found that the imbalance of lipid
metabolism through the NF-KB pathway will have a
certain effect on the rate of cell proliferation,
apoptosis, and the number of cell damage in rat blood
vessels (Figure 3). The experiments in this paper show
that after multiple passages, rat coronary endothelial
cells show reduced dysfunction and aging-related
proliferative capacity, increased oxidative stress, and
activation of NF-KB and p53 signaling pathways.
Endothelial cell aging includes telomere-dependent
and telomere-independent aging.
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Figure 3. The rate of cell proliferation, apoptosis, and the
number of cell damage in blood vessels with a certain effect

The results show that the imbalance of lipid
metabolism through the NF-KB pathway can promote
atherosclerosis in rats (Figure 4), which increases the
thickness of the blood vessel wall and reduces the
elasticity of the blood vessel wall. After analysis, the
aortic endothelium of the normal group of mice was
continuous, intact, and the structure was clear. There
was no stenosis of the blood wvessel lumen, no
atherosclerotic plaque formation, and no obvious
inflammatory cell infiltration. In the lipid metabolism
imbalance group, the local aortic endothelial structure
was destroyed, and obvious plague formation was
observed, the lumen was obviously narrow, and there
were a lot of cholesterol crystals and inflammatory
cell infiltration in the plaque.
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Figure 4. Comprehensive analysis of the effect of lipid
metabolism imbalance through NF-KB pathway on
atherosclerosis

Atherosclerosis (As) and vascular aging are key
causative  factors of  cardiovascular  and
cerebrovascular diseases. Atherosclerosis and vascular
aging are currently considered to be a multi-factor and
multi-step disease involving an imbalance of lipid
metabolism and vascular adhesion molecules,
cytokines, growth factors, inflammatory cells,
vascular endothelial cells (ECs) and vascular smooth

muscle cells (VSMCs) and many other factors. The
NF-KB signaling pathway is a classic signal
transduction pathway mediated by cytokines. Not only
participate in the inflammatory response but also
regulate endothelial cell damage, oxidative stress,
smooth muscle proliferation and migration, vascular
cell apoptosis and other processes. This article
focused on the effects and mechanisms of the
imbalance of lipid metabolism through the NF-KB
signaling pathway and its inhibitors on atherosclerosis
and vascular aging, and its mechanism, which is very
important  for  solving  cardiovascular  and
cerebrovascular problems.

The imbalance of lipid metabolism mainly affects
the intravascular cells through the NF-KB pathway.
The nuclear factor (NF-KB) is a transcription factor
with multiple regulatory effects on gene transcription.
It can specifically bind to specific sites of various cell
gene promoters or enhancer sequences to promote
transcription and expression. It can react with
inflammation; immune responses are closely related to
important pathophysiological processes such as cell
proliferation, transformation and apoptosis (9).
Studies have shown that the genes involved in the
inflammatory  response in the formation of
atherosclerotic plaques are mostly NF-KB target
genes, whose transcriptional expression is regulated
by the NF-KB pathway conduction pathway (Figure
5) (10). NF-KB is a nuclear protein factor that can
specifically bind to the immunoglobulin chain gene
enhancer JCB sequence (GGGACTTTCC), and is a
dimeric protein composed of the Rel family (11).
There are five members of this family, namely: NF-
xB1 (p50), NF-xB2 (p52), RELA (p65), RELB and C-
Rel (12). The p65 /C-Rel heterodimer can be different
from tissue factor and granulocyte-macrophage
colony-stimulating factor (GM-CSF) gene promoter
p65/c-Rel the binding site of the source dimer binds,
thereby exerting the NF-KB / Rel family's role in
regulating the expression of different target genes
(13).

Figure 5. NF-KB pathway conduction path

Cell Mol Biol

147



Xiangyong Kong et al. / Imbalance of lipid metabolism on atherosclerosis & vascular aging, 2021, 67(5): 144-150

The study found that when the intravascular cells
are at rest, NF-KB and its inhibitor protein IXB family
members form a hetero multimer P50-P60-1: Ba or
IKB/3, in the form of an inactive complex, exist in the
cytoplasm  (14). IKK  further causes the
phosphorylation and degradation of IKB molecules,
and NF-CB dissociates from IKB trimer release NF-
KB and activates the NF-B signaling pathway (15).
NF-IKB translocate into the cell nucleus, combines
with target genes in the nucleus, and initiates the
transcription of related genes. Therefore, BRB
phosphorylation degradation and dissociation from
NF-KB is the key to this activation pathway, so it is
called the IBSER-dependent phosphorylation classic
pathway (16). Another non-classical pathway is the
activation of NF-XB-induced kinase leading to
phosphorylation and proteolytic processing of
cytoplasmic precursors, thereby activating NF-xB2,
and the activated NF-KB and RELB, NIK to form a
complex into vascular cells to regulate genes
transcription (17).

Aging refers to the process of degenerative changes
in the organizational structure, physiological function
and psychological behavior of the body with age. As
part of global aging, the vascular aging process
(Figure 6) in turn has an important effect on overall
aging (18). The mechanism of vascular aging includes
intricate network regulation from the tissue to the cell
and molecular level. Understanding at any level alone
is one-sided and limited. Factors affecting vascular
aging include external factors (such as living
environment, lifestyle habits) and internal factors
(such as genetic factors) (19). The imbalance of the
body's steady-state brought about by aging causes the
vascular system to be easily damaged and difficult to
repair, that is, the blood vessels enter the "aging"
state. Among the various diseases related to aging, the
incidence of cardiovascular system diseases ranks
first, which also shows that vascular aging plays an
important role from another perspective (20). With the
increase of age, the structure and function of blood
vessels will change accordingly (21). In addition, it
can be seen that collagen increased, elastic fibers
decreased, fractured, and matrix mucopolysaccharide
deposition increased (22).

Less Increased
elasticity Il‘ stiffness

Reduced l
Decreased
freshman 6 compliance II‘ Reduced EPCs

ability =
Arteriosclero Cell
sis senescence

Figure 6. Vascular aging process

The study found that the active expression of the
NF-KB factor in blood vessels can promote the
transformation of cells to secreted phenotypes. NF-
KB factor is regulated by Msx2, NF-KB and B-catenin
signaling system (23). Factors that initiate the
"ossification cascade" response include bone
morphogenetic proteins, chronic traumatic stimuli,
and metabolic products including reactive oxygen
species (ROS). These factors cause the activation of
NF-KB and inflammatory factors (such as TNFa, IL-
1/6) (24, 25). The NF-KB pathway is an important
factor affecting the changes of vascular cells (26, 27).

The current study indicated that the endothelial cell
apoptosis induced by an imbalance of lipid
metabolism is related to the activation of NF-KB,
which leads to the upregulation of p53 protein
expression and the downregulation of Bcl-2 protein
expression. From this preliminary speculation that
many Chines medicines have the role of regulating
lipid metabolism imbalance, anti-atherosclerosis and
cardiovascular protection. The protective mechanism
of the active ingredients of traditional Chinese
medicine against vascular endothelial injury may be
related to inhibiting the activation of NF-KB, reducing
the expression of inflammatory molecules in
endothelial cells, and resisting apoptosis.

In summary, NF-KB, as a key factor in gene
transcription, plays an important regulatory role in the
formation of atherosclerosis.  Therefore, the
mechanism of anti-AS of drugs through the NFOKB
signal transduction pathway is deeply studied, and the
target cell specificity and selective NF-KB activation
blockers in endothelial cells that are selective for
different NF-KB members, carry out prospective basic
experimental research at the cellular and molecular
level, which is expected to be related to
atherosclerosis and vascular aging. The medical
treatment of sexual diseases has brought breakthrough
progress.

Cell Mol Biol

148



Xiangyong Kong et al. / Imbalance of lipid metabolism on atherosclerosis & vascular aging, 2021, 67(5): 144-150

Acknowledgements
None.

Interest conflict
The authors declare no conflict of interest.

References

1. Miao J, Zhou XB, Mao W. Effects of Xuefu Zhuyu
granule and danlou tablet on Oanti-atherosclerosis rats
and potential mechanisms. Chin J Integr Med West
Med 2016; 36(1):80-84.

2. Xiao Y, Li P, Cheng Y. Effect of a-linolenic acid-
modified low molecular weight chondroitin sulfate on
atherosclerosis in apoE-deficient mice. Biochim
Biophys Acta Gen Subj 2016; 1860(11):2589-2597.

3. Da Motta NV, De Brito FCF. Cilostazol exerts
antiplatelet and anti-inflamm atory effects through
aMPK activation and NF-kB inhibition on
hypercholesterolemic rats. Fundam Clin Pharmacol
2015; 30(4):327-337.

4. Litwin M, Feber J, Niemirska A. Primary
hypertension is a disease of premature vascular aging
associated with neuro-immuno-metabolic
abnormalities. Pediatr Nephrol 2016; 31(2):185-194.
5. Dong X, Tong F, Qian C. NEMO modulates
radiation-induced endothelial senescence of human
umbilical veins through NF-xB signal pathway.
Radiat Res 2016; 183(1):82-93.

6. Wu JK, Yang Q, Li YY. Effect of leech on VSMCs
in early atherosclerosis rats via P38MAPK signaling
pathway. Chin J Chin Mat Med 2016; 42(16):3191-
3197.

7. Huang Y, Qi Y, Du JQ. Protosappanin a protects
against atherosclerosis via anti- hyperlipidemia, anti-
inflammation and NF-xB signaling pathway in
hyperlipidemic rabbits. Iran J Basic Med Sci 2018;
21(1):33-38.

8. Park B, Yim JH , Lee HK. Ramalin Inhibits
VCAM-1 expression and adhesion of monocyte to
vascular smooth muscle cells through MAPK and
PADI4-Dependent NF-kB and AP-1 pathways. Biosci
Biotech Biochem 2015;79(4):539-552.

9. Arnaud C, Béguin, P, Lévy, P. Normoxic recovery
reverses?ntermittent hypoxia-induced systemic and
vascular inflammation. Chest 2016; 150(2):471-473.
10. Pan J X. LncRNA H19 promotes atherosclerosis
by regulating MAPK and NF-kB signaling pathway.
Eur Rev Med Pharmacol Sci 2017;21(2):322-328.

11. Song J, Lu H, Zheng X. Effects of vascular
endothelial growth factor in recovery phase of acute
lung injury in mice. Lung 2015; 193(6):1029-1036.
12. Gurda D, Handschuh L, Kotkowiak W.
Homocysteine thiolactone and N -Homocysteinylated
protein induce pro-atherogenic changes in gene
expression in human vascular endothelial cells. Amino
Acids 2015; 47(7):1319-1339.

13. Liu D, Wang X, Kong L. Nicotinic Acid
Regulates Glucose and Lipid Metabolism Through
Lipid-independent Pathways. Curr Pharm Biotechnol
2015; 16(1):3-10.

14, Guo J, Wang C, Guo Z. Exposure to
environmental level phenanthrene induces a NASH-
likephenotype in new born rat. Environ Pollut 2018;
239(6):261-271.

15. Chang HY, Li MH, Huang TC, et al. Quantitative
Proteomics Reveals Middle Infrared Radiation-
Interfered Networks in Breast Cancer Cells. J
Proteome Res 2015; 14(2):1250-1262.

16. Xu M, Chen X, Han Y. Clusterin silencing
sensitizes pancreatic cancer MIA-PaCa-2 cells to
gmcitabine via regulation of NF-KB/BCL-2 signaling.
Int J Clin Exp Med 2015; 8(8):12476-12486.

17. Tsukamoto H. Metabolic reprogramming and cell
fate regulation in alcoholic liver disease.
Pancreatology 2015; 15(4):61-65.

18. Ercisli MF, Lechun G, Azeez SH, Hamasalih RM,
Song S, Aziziaram Z. Relevance of genetic
polymorphisms of the human cytochrome P450 3A4
in rivaroxaban-treated patients. Cell Mol Biomed Rep
2021; 1(1): 33-41.

19. Silvia M. Liposomes based on a new cationic
lipid: delivery of a decoy oligonucleotide against NF-
kB transcription factor. Nat Matr 2015; 14(7):701-
706.

20. Tsai SC, Tsai MH, Chiu CF. AMPK-Dependent
Signaling Modulates the Suppression of Invasion and
Migration by Fenofibrate in CAL 27 Oral Cancer
Cells Through NF-xB Pathway. Environ Toxicol
2016; 31(7-8):866-876.

21. Gurda D, Handschuh L, Kotkowiak W.
Homocysteine thiolactone and N -homocysteinylated
protein induce pro-atherogenic changes in gene
expression in human vascular endothelial cells. Amino
Acids 2015; 47(7):1319-1339.

22. Sandri M, Stefanon B, Loor JJ. Transcriptome
profiles of whole blood in Italian Holstein and Italian

Cell Mol Biol

149



Xiangyong Kong et al. / Imbalance of lipid metabolism on atherosclerosis & vascular aging, 2021, 67(5): 144-150

Simmental lactating cows diverging for genetic merit
for milk protein. J Dairy Sci 2015; 98(9):6119-6127.
23. Kakuda H, Kobayashi J, Kakuda M. The effect of
anagliptin treatment on glucose metabolism and lipid
metabolism, and oxidative stress in fasting and
postprandial states using a test meal in Japanese men
with type 2 diabetes. Endocrine 2015; 48(3):1005-
10009.

24. Rong A, Borjihan G, Qiao YJ. Effect of GBOT on
blood lipid and blood glucose metabolism in rats with
atherosclerosis. Genet Mol Res Gmr 2015;
14(3):7801-7810.

25. Darvishi E, Aziziaram Z, Yari K et al. Lack of
association between the TNF-1+-1031genotypes and
generalized aggressive periodontitis disease. Cell Mol
Biol 2016; 62(11): 63-66.

26. Naohisa T, Shoko Y, Masayoshi T. Effect of
Collagen Tripeptide on Atherosclerosis in Healthy
Humans. J Atheroscler Thromb 2017; 24(5):530-538.
27. Azeez SH, Jafar SN, Aziziaram Z, Fang L,
Mawlood AH, Ercisli MF. Insulin-producing cells
from bone marrow stem cells versus injectable insulin
for the treatment of rats with type | diabetes. Cell Mol
Biomed Rep 2021; 1(1): 42-51.

Cell Mol Biol

150



