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Purpose: Berberine (BBR) is an effective component of Huanglian and has shown to

attenuate atherosclerosis (AS); however, the detailed mechanism of BBR-mediated protec-

tive actions against AS remains elusive. This study was undertaken to examine the effects of

BBR on aortic atherosclerotic plaque stability and the expression of autophagy-related

proteins in AS rats with damp-heat syndrome or yang deficiency.

Methods: Thirty SD rats were randomly divided into (1) control (CON); (2) damp-heat syndrome

atherosclerosis (AS + DH); (3) yang deficiency syndrome atherosclerosis (AS + YX); (4) damp-

heat syndrome atherosclerosis + BBR (AS + DH + BBR); (5) yang deficiency syndrome,

atherosclerosis + BBR (AS + YX + BBR); and (6) damp-heat syndrome, atherosclerosis + BBR

+ 3-methyladenine (AS + DH + BBR + 3-MA) (n = 5/group) groups. Pathological morphology,

macrophage plaque infiltration, inflammation, and LC3-II and P62 expression were assessed.

Results: Compared with the CON group, the AS + DH and AS + YX groups had an

increased plaque area in the aortic tissue with substantial foam cell and macrophage infiltra-

tion, and increased levels of IL-1β and TNF-α (P < 0.01). After four weeks of BBR

intervention, the plaque area in the AS + DH + BBR group was reduced with decreased

foam cells and macrophage infiltration, and decreased levels of TNF-α and IL-1β, whereas

LC3-II protein expression was increased and P62 protein expression was decreased in the AS

+ DH + BBR group when compared to AS + DH group. In addition, the AS + DH + BBR +

3-MA group exhibited a significantly enlarged plaque, substantial foam cell and macrophage

infiltration, increased levels of IL-1β and TNF-α, and decreased LC3-II and P62 (P < 0.01)

expression when compared to the AS + DH + BBR group.

Conclusion: Our results indicated that the BBR could inhibit arterial plaque formation and

alleviate the inflammatory response in the aortic tissues in the AS rats with damp-heat

syndrome possibly via promoting autophagy. The molecular mechanisms of BBR-mediated

protective effects in this animal model still require further investigation.
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Introduction
Atherosclerosis (AS) as a common pathological basis of cardiovascular and cere-

brovascular diseases is accelerated by ongoing inflammatory and lipid metabolism

disorders. According to epidemiological data, the mortality rate of AS-related

vascular diseases in individuals aged older than 35 years has decreased from 16%

in 1980 to 4% in 2010;1 however, the incidence of AS in China remains high with

one-third of people in China suffering from carotid atherosclerosis.2 Thus, further

understanding of the pathogenesis of AS and the proposal of more effective

Correspondence: Fengxia Lin
Department of Cardiology,Shenzhen
Bao’an Traditional Chinese Medicine
Hospital Group, The Affiliated Hospital of
Guangzhou University of Chinese
Medicine, Shenzhen 518133, People’s
Republic of China
Tel +8617301933930
Email szlinfx@163.com

Yinzhi Song
Department of Cardiology, Shenzhen
Bao’an Traditional Chinese Medicine
Hospital Group, The Affiliated Hospital of
Guangzhou University of Chinese
Medicine, Shenzhen 518133, People’s
Republic of China
Tel +8613760298578
Email songyinzhi@126.com

Drug Design, Development and Therapy Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Drug Design, Development and Therapy 2020:14 2449–2460 2449

http://doi.org/10.2147/DDDT.S250524

DovePress © 2020 Ke et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://orcid.org/0000-0002-0121-0961
mailto:szlinfx@163.com; 
mailto:songyinzhi@126.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


prevention and treatment measures are the urgent issues to

be solved in clinical practice. Autophagy is a process by

which organelles and the cellular contents are degraded by

the lysosomal system, which is an important means of

maintaining the stability of the intracellular environment

and achieving self-renewal of the organelles.3 Autophagy

plays an important role in the stabilization of AS plaques.

Recent studies have found that autophagy involves in the

inflammation and oxidative stress in AS plaque cells, and

targeting the autophagy-related markers may provide

a new therapeutic strategy in alleviating the development

and progression of AS.4

Coptidis rhizoma (also known as Huanglian in

Chinese) is a traditional Chinese medicine with the effects

of resolving dampness, clearing away heat, detoxification,

and purging fire.5 Berberine (BBR) is the one of major

active components in coptidis rhizoma and it has various

biological functions including anti-inflammatory, lipid-

lowering, anti-platelet and anti-oxidative functions.6,7 As

a representative of heat-clearing and moisturizing drugs,

BBR appears in a large number of classic prescriptions for

clearing heat and dampness. Both clinical and experimen-

tal studies have found that BBR was effective in attenuat-

ing the development and progression of AS.8,9 Studies also

demonstrated that anti-atherosclerotic effect of BBR may

be partly due to changes in composition and functions of

gut microbiota.10 Recently, there is growing evidence

showing that exerted the protective effects in cardiovascu-

lar diseases via modulating autophagy.11 Huang et al

showed that BBR alleviated cardiac ischemia/reperfusion

injury by suppressing excessive autophagy in

cardiomyocytes;12 Li et al demonstrated BBR improved

pressure-induced cardiac hypertrophy and dysfunction via

inducing autophagy.13 In AS studies, Fan et al demon-

strated that BBR alleviated ox-LDL induced inflammatory

factors in AS via up-regulation of autophagy;14 while the

exact mechanisms of BBR-mediated autophagy in AS are

largely unknown.

According to the TCM theory, the treatment is based on

the holistic concept and the theory of syndrome differentia-

tion. According to the theory of TCM, the causative agent/

factor of diseases can be summarized as heat, damp, cold

and toxin.15 The damp-heat syndrome is an acute exogenous

febrile disease caused by pathogenic dampness, and the

causes of damp-heat syndrome are multifactorial including

not only environmental factors, but also autoimmune func-

tion and pathogenic microorganism.16 Studies found that

Baicalin is curative against rotavirus damp heat diarrhea by

tuning colonic mucosal barrier and lung immune function17

high dose of Haoqinqingdan decoction can improve the

damp-heat syndrome in rats with influenza viral

pneumonia.16 Yin-yang theory is an essential part of TMC

in diagnosis and treatment based on overall analysis of

symptoms and phenotypes fo the body. Yang-deficiency is

associated with the yin-yang imbalance points at the func-

tional lowlife showing various symptoms such as lassitude

and impotence, cold-blooded and cold feared, lumbago and

fatigue.18 Studies found that immunotoxicity of hydrocorti-

sone on Th1/Th2-related cytokine production Is associated

with yang-deficient state in TCM.18 Er Shen Wan extract

alleviated polyuria in a rat model of spleen-kidney Yang

deficiency-induced diarrhea.19 In addition, Integrated adre-

nal and testicular metabolomics revealed the protective

effects of Guilingji on the Yang deficiency syndrome rats.20

In this study, we established an AS rat model with the

characteristics of damp-heat syndrome or yang deficiency

syndrome and examined the pathological morphology and

degree of the inflammatory response in aortic tissue sections

following BBR intervention. Further mechanistic studies were

also performed to explore the effects of BBR on the expres-

sion of autophagy-related proteins in AS rats with damp-heat

syndrome or yang deficiency. The present study will provide

novel insights into the protective effects of BBR in AS.

Materials and Methods
Experimental Animals and Ethics

Statement
A total of 30 specific pathogen-free (SPF) Sprague Dawley

SD male rats (16 weeks old, 180–200 g) were purchased

from the Experimental Animal Center of Guangzhou

University of Traditional Chinese Medicine (license num-

ber: SCXK [Guangdong] 2016–0019). The experiment was

approved by the ethics committee of Shenzhen Bao ‘an

Hospital of Traditional Chinese Medicine (group), and

implemented in strict accordance with the National

Guidelines for Experimental Animal Welfare (the Ministry

of Science and Technology, China).

Animal Models and Drug Treatments
According to the method reported in the study,16,21 The

rats were housed in an SPF environment under a light/

dark time of 12 h/12 h. The normal group was fed

a common diet (23% flour, 20% bran, 22% soybean

meal, 20% corn, 10% rice meal, 2.5% bone meal, and

2.5% fish meal) and housed in the environment under an
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ambient temperature of 25 ± 1°C with a relative humidity

of 40%-50%; the model group was fed a high-fat and

high-sugar diet (83.25% common diet, 1.5% cholesterol,

0.25% sodium cholate, 10% lard, and 5% sucrose) for

12 weeks. For the AS rats with damp-heat syndrome, the

AS rats were housed in the environment under an ambient

temperature of 32 ± 1°C, at a relative humidity of

65–70% according to previous studies.16,22 For the AS

rats yang deficiency, rats were placed in a refrigerator at

2°C for 2 h every day according to the previous

studies.20,23

A total of 30 SD rats were randomly divided into a normal

group (CON), AS with damp-heat syndrome group (AS +

DH), AS with yang deficiency group (AS + YX), AS with

damp-heat syndrome treated with BBR (Shanghai Sangon

Biological Co., Ltd.; Shanghai, China) group (AS + DH +

BBR), AS with yang deficiency syndrome treated with BBR

(AS +YX +BBR), AS with damp-heat syndrome treated with

BBR and 3-methyl adenine (3-MA; an autophagy inhibitor;

LanzhouDay State Biological TechnologyCo., Ltd., Lanzhou,

China) group (AS + DH + BBR + 3-MA) group. For the AS +

DH + BBR and AS + YX + BBR groups, rats were orally

administered BBR (150mg/kg) daily for four weeks. The dose

standard was based on previous studies to have good safety.24

For the AS + DH + BBR + 3-MA group, rats were orally

administered BBR (150 mg/kg) daily and 3-MA (100 mg/kg,

intraperitoneally) every two days for four weeks.

Hematoxylin and Eosin (HE) Staining
The ascending aortic tissue sections were deparaffinized

with xylene for 5–10 min, stained with hematoxylin for

5 min, and then separated with a 1% hydrochloric acid

alcohol in a saturated solution of lithium carbonate. After

a short period of bluening, the sections were quickly washed

in distilled water, stained with approximately 0.1–0.5%

eosin dye solution for 1–5 min, and finally dehydrated

with gradient alcohol. The degree of aortic pathology was

observed with an optical microscope (200×) and the samples

were photographed. The sections were analyzed using

Image-Pro Plus 6.0 image processing software.

Immunofluorescence Staining
After the samples were dewaxed with xylene and hydrated

with alcohol, they were washed in phosphate buffered

saline (PBS), and the tissue antigen retrieval was prepared

in citrate buffer. Then, 50 μL of 3% H2O2 was added

dropwise to the section for 10 min at room temperature,

and PBS was used to wash the samples before blocking

with 5% bovine serum albumin (BSA). After that, the

sections were incubated with the corresponding primary

antibody overnight at 4°C followed by incubating

a fluorescent secondary antibody. Finally, the sections

were stained with 0.5 μg/mL DAPI 10 min for counter-

staining. The samples were observed and photographed

under a fully automatic fluorescence microscope (400×).

Detection of Changes in Interleukin (IL)-

1β and Tumor Necrosis Factor (TNF)-α
Expression by Enzyme-Linked

Immunosorbent Assay (ELISA)
Blood samples were collected from the tail vein before the rats

were sacrificed, anticoagulated with 5% EDTA, centrifuged at

800 x g, and the plasma was separated and stored at −20°C for

further examination. The level of IL-1β and TNF-α expression
was measured by the corresponding ELISA kits according to

the manufacturer’s instructions.

Immunohistochemical Detection of

LC3-II and P62 Expression
The samples were deparaffinized with xylene for 5–10 min

and re-hydrated in alcohol. Samples were washed in phos-

phate buffered saline (PBS), and the tissue antigen retrieval

was prepared in citrate buffer. Then, the samples were incu-

bated with 3% H2O2 for 5–10 min at room temperature, and

PBS was used to wash the samples before blocking with 5%

BSA. After that, the sections were incubated with the corre-

sponding primary antibody overnight at 4°C followed by

incubating with the corresponding horseradish peroxidase-

conjugated secondary antibodies for 1 h at room temperature.

The stained proteins were visualized using the 3, 3-diamino-

benzidine chromogen. An opticalmicroscope (200×)was used

to observe the samples and take photos, and Image-pro Plus

6.0 Image processing software was used to analyze the

images.

Western Blot Analysis of LC3-II and P62

Protein Expression
Protein samples were extracted from rat aortic tissues by

using RIPA buffer (Sigma-Aldrich, St. Louis, USA), and

the protein concentrations were measured by a BCA kit

(Blue Skies in Shanghai Biological Technology Co., Ltd;

Shanghai, China) according to the manufacturer’s proto-

col. A total of 50 µg protein samples were resolved on

a 10% SDS-PAGE followed by transferring the proteins to
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a PVDF membrane via the semi-dry transfer method. After

incubating with 1.5% milk at room temperature for 1 h, the

membranes were incubated with corresponding primary

antibodies including LC3-II (dilution ratio 1:3000; Cell

Signaling Technology, Danvers, USA), P62 (dilution

ratio 1:1000; Cell Signaling Technology) and GAPDH

(1:3000; Cell Signaling Technology) overnight at 4°C.

After that, the membranes were incubated corresponding

secondary antibody for 2 h at room temperature. The

Western blot bands were visualized by using the ECL kit

according to the manufacturer’s protocol. The relative

protein expression levels were analyzed using the

Biosens gel image processing system and GAPDH was

used as the internal control.

Statistical Analysis
All the statistical analysis was performed by using the

GraphPad software (Version 6.0, La Jolla, USA). Data

were presented as mean ± standard deviation. Significant

difference among treatment groups was evaluated by one-

way ANOVA followed by Bonferroni’s multiple compar-

ison test. P <0.05 was considered statistically significant.

Results
Symptoms and Signs Changes of Each

Group and Pathological Changes in the

Aortic Tissues
After modeling, rats in the AS + DH group, AS + DH + BBR

group, and AS + DH + BBR + 3-MA group showed symp-

toms of lack of energy, reduced activity, sparse and dull hair

accompanied with frequent diarrhea. Rats in the AS + YX

group and AS + YX + BBR group showed chills, flock

together, arched backs, less activity, dry hair, loss of appetite,

burnout, weight loss accompanied with diarrhea.

As shown in Figure 1A and B, the AS + DH and AS + YX

group showed irregular intima morphology and significant

intima hyperplasia, with differential nuclear morphology and

size, as well as disordered arrangement. A large amount of

lipid plaque deposition and foam cell formation was observed

in the intima, and the percentage of the plaque area was

significantly increased when compared to the CON group

(P < 0.01). In the AS + DH + BBR group, BBR intervention

was associated with a thinning of the intima, uniform nuclear

morphology, significant reduction in lipid plaques and foam

cells, and the plaque area ratio was significantly reduced when

compared to AS + DH group (P < 0.01); however, there was

no significant change in the aortic histopathological

morphology between the AS + YX + BBR group and AS +

YX group. Further analysis revealed that lipid plaques and

foam cells were significantly increased in the AS +DH+BBR

+ 3-MA group with thickened and irregular intima, variable

nuclear shapes and sizes, as well as a significant increase in

disordered arrangement and plaque area ratio when compared

to AS + DH + BBR group (P < 0.01).

Changes of Macrophage Infiltration in the

Aortic Tissues
The changes in macrophage infiltration in the aortic tissues

are shown in Figure 2. The AS + DH and the AS + YX

groups displayed a large amount of macrophage infiltration

in the aortic tissue sections, and the rate of CD68 positive

expression was significantly increased when compared to

CON group (P < 0.01). In the AS + DH + BBR group,

BBR intervention decreased the number of macrophages

and expression of CD86 when compared to AS + DH

group (P < 0.01), whereas there was no significant difference

between AS +YX+BBR and AS + YX groups (P > 0.05). In

contrast, compared with the AS + DH + BBR group, there

was a substantial number of infiltrating macrophages and the

level of positive CD68 expression was significantly

increased in AS + DH + BBR + 3-MA group (P < 0.01).

Changes of the Expression of Inflammatory

Factors in the Aortic Tissues
As shown in Figure 3, changes in the level of IL-1β and TNF-α
expression were detected by the ELISA kits. The expression

levels of inflammatory factors (IL-1β and TNF-α) in the AS +

DH group and AS + YX group were significantly increased

when compared to the CON group (P < 0.01). After treatment

with BBR, the levels of IL-1β and TNF-α in the AS + DH +

BBR group were significantly decreased when compared to

the AS + DH group (P < 0.01), BBR treatment failed to

attenuate the increase in these inflammatory factors in the

AS +YX rats (P > 0.05). Moreover, the levels of IL-1β and

TNF-α expression were significantly increased in the AS +

DH+BBR+ 3-MA group compared with that of the AS +DH

+ BBR group (P < 0.01).

Changes of LC3-II and P62 Protein

Expression Levels in the Aortic Tissues as

Determined by Immunostaining
The protein expression LC3-II and P62 as determined by

immunostaining in the aortic tissue are presented in

Figures 4 and 5. There was no significant difference in the
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LC3-II protein expression level among the CON, AS + DH

and AS +YX groups (P > 0.05; Figure 4), whereas the level of

P62 protein expression was significantly increased in AS +

DH and AS + YX group when compared to CON group

(P < 0.01; Figure 5). BBR treatment in the AS + DH rats

significantly increased the protein expression level of LC3-II

but decreased the protein expression level of P62 when com-

pared to the AS + DH group (P < 0.01; Figures 4 and 5). The

Figure 1 The histology analysis of the rat aortic tissues. (A) HE staining of the rat aortic tissue sections (200×). (B) Plaque percentage in the section area. Note: The nuclei

are blue, and the lipid plaques and foam cells are white. All the experiments were repeated for 5 times. **P < 0.01 vs CON group; ##P < 0.01 vs AS + DH group; Δ ΔP < 0.01

vs AS + DH + BBR group.
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Figure 2 The immunofluorescent analysis of the rat aortic tissues. (A) Immunofluorescence staining of aortic tissue (400×). (B) Rate of CD68 positive expression.

Notes: The blue dots were the nucleus stained by Hoechst, and the green dots indicate the cytoplasm stained with a CD68 fluorescent antibody. All the experiments were

repeated for 5 times **P < 0.01 vs CON group; ##P < 0.01 vs AS + DH group; ΔΔP < 0.01 vs AS + DH + BBR group.
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BBR-induced increase in the protein expression level of LC3-

II and the decreased in the protein expression level of P62 in

aortic tissues from the AS + DH rats were attenuated by the

treatment with 3-MA (P < 0.01; Figures 4 and 5). BBR

treatment had no significant effects on the LC3-II and P62

protein levels in aortic tissues from AS + YX rat (P > 0.05;

Figures 4 and 5).

Changes of LC3-II and P62 Protein

Expression Levels in the Aortic Tissues as

Determined by Western Blot
As shown in Figure 6, Western blot assay was further per-

formed to verify the changes in the expression of LC3-II and

P62 in the aortic tissues. There was no significant difference

in the LC3-II protein expression level among the CON, AS +

DH and AS +YX groups (P > 0.05; Figure 6), whereas the

protein levels of P62 protein expression were significantly

higher in AS + DH and AS + YX group than that in the CON

group (P < 0.01; Figure 6). BBR treatment in the AS + DH

rats significantly increased the protein expression level of

LC3-II but decreased the protein expression level of P62

when compared to the AS + DH group (P < 0.01;

Figure 6), which was significantly attenuated by 3-MA treat-

ment (P<0.01; Figure 6). BBR treatment had no significant

effects on the LC3-II and P62 protein levels in aortic tissues

from AS + YX rat (P > 0.05; Figure 6).

Discussion
Atherosclerosis (AS) is the pathological basis of various

vascular diseases, including coronary atherosclerotic heart

disease, ischemic stroke, and lower extremity arterial occlu-

sive disease. Fortunately, the mortality associated with AS-

induced diseases has been significantly reduced worldwide.

According to epidemiological data, the mortality rate of

AS-related vascular diseases in individuals aged older

than 35 years has decreased from 16% in 1980 to 4% in

2010;1 however, the incidence of AS in China remains high

with one-third of people in China suffering from carotid

atherosclerosis.2 Thus, further understanding of the patho-

genesis of AS and the proposal of more effective prevention

and treatment measures are the urgent issues to be solved in

clinical practice. Currently, AS is considered to be a chronic

inflammatory disease characterized by lipid deposition.25

The increase of inflammatory macrophages within plaques

leads to excessive activation of an inflammatory reaction,

which in turn produces more foam cells, a larger necrotic

core area, and a thinner fibrous membrane.26 Therefore, an

active inflammatory response in the plaque is the main

indicator of arterial plaque instability.

It has been suggested that the over-activation of the

endoplasmic reticulum during AS formation leads to the

overexpression of NF-κB, IL-1β, TNF-α and other inflam-

matory factors, induces complex inflammatory cascades, and

participates in the formation of vulnerable plaques.

Moreover, under conditions of stress, the endoplasmic reti-

culum promotes the degradation of damaged mitochondria

and inflammation-related proteins by activating autophagy,

thereby inhibiting the inflammatory response, further endo-

plasmic reticulum stress, as well as retarding the progression

of plaques.27 Fan et al demonstrated that BBR alleviates ox-

LDL induced inflammatory factors and suggests a protective

role for atherosclerosis via induction of autophagy, but Deng

et al found out that BBR attenuates autophagy in adipocytes

by targeting BECN1.14,28 Therefore, the interplay between

autophagy and inflammation may represent a key link for the

prevention and treatment of AS.

Figure 3 Level of IL-1β and TNF-α expression (n = 5). All the experiments were repeated for 5 times.

Notes: **P < 0.01 vs CON group; ##P < 0.01 vs AS + DH group; ΔΔP < 0.01 vs AS + DH + BBR group.

Dovepress Ke et al

Drug Design, Development and Therapy 2020:14 submit your manuscript | www.dovepress.com

DovePress
2455

http://www.dovepress.com
http://www.dovepress.com


Figure 4 LC3-II protein expression in the rat aortic tissues. (A) Immunohistochemical test LC3-II (200×; n = 5). (B) LC3-II protein positive area ratio (n = 5).

Notes: The above blue dot indicates wood staining nuclei, brown dot to dye DAB LC3-II protein. All the experiments were repeated for 5 times. **P < 0.01 vs CON group;
##P < 0.01 vs AS + DH group; ΔΔP < 0.01 vs AS + DH + BBR group.
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Figure 5 P62 protein expression in the rat aortic tissues. (A) Immunohistochemical detection P62 (200×). (B) P62 protein-positive area ratio.

Notes: The above blue dot indicates wood staining nuclei, brown dot to dye DAB P62 protein. All the experiments were repeated for 5 times. **P < 0.01 vs CON group;
##P < 0.01 vs AS + DH group; ΔΔP < 0.01 vs AS + DH + BBR group.
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Traditional Chinese medicine has been shown to be

effective for the prevention and treatment of AS.29 Some

herbal extracts have been shown to reverse the progression

of AS by inhibiting the inflammatory responses. For exam-

ple, ginsenoside F1 significantly increases the activity of

endothelial cells injured by ox-LDL, elevated the expres-

sion of A20, improves the level of lox-1 and TLR4 expres-

sion, and reduced the adhesion of monocytes, thereby

inhibiting the inflammatory response and reducing the

area of atherosclerotic plaques.30

It is important to note that the treatment of diseases by

TCM emphasizes the “consistency of disease and syndrome”

and “there is the syndrome, there is the medicine”. Therefore,

establishing the “combination of diseases and syndromes”

model and discussing the therapeutic effect of drugs with

different syndromes in the same disease will provide more

sufficient evidence for the use of TCM to treat AS. As a key

traditional Chinesemedicine for treating damp-heat syndrome,

BBR with a precise anti-inflammatory effect is mainly used to

treat acute and chronic inflammatory diseases of the gastro-

intestinal tract. Currently, pharmacological and clinical studies

have confirmed that BBR can inhibit atherosclerotic plaques.31

By controlling temperature and humidity, we successfully

established an AS model of damp-heat syndrome and yang

deficiency syndrome.Our studyobserved the therapeutic effect

of BBR on different AS syndrome types.

We found that there was an abundance of inflammatory

factors, including IL-1β and TNF-α, detected in the serum of

AS rats with characteristics of damp-heat syndrome and yang

deficiency syndrome. In addition, a large amount of macro-

phage infiltration was observed in the pathological sections,

indicating that in the case of damp-heat syndrome and yang

deficiency syndrome, AS rats have active inflammatory activ-

ity and unstable plaques; moreover, the immunohistochemis-

try and Western blot findings showed that the autophagy

marker, LC3-II, was expressed at low levels in the aortic tissue

sections of rats, whereas the P62 protein was highly expressed.

Currently, LC3-II is a well-recognized autophagy marker

derived from the LC3 protein, When the LC3 protein is

formed, its carboxyl terminus will be cleaved by Atg4 to

produce LC3-I localized in the cytoplasm. During autophagy,

LC3-I is modified and processed by a ubiquitin-like system,

including Atg7 and Atg3, then covalently bound to phospha-

tidylethanolamine to form LC3-II and localize on the autop-

hagosome membrane. Therefore, it is currently believed that

the level of LC3-II is positively correlated with that of

autophagy.32 P62 is a binding protein downstream of LC3

that interacts with LC3 and infiltrates into autophagosomes

for degradation. In addition, P62 can be regarded as

a degradation substrate for autophagy, and its content is nega-

tively correlated with the level of autophagy.8 Therefore, we

believe that there is a low autophagy capacity of the cells inAS

patients with either damp-heat syndrome or yang deficiency

syndrome. Further experiments revealed that BBR could sig-

nificantly alleviate the infiltration of macrophages in the aortic

tissue of AS rats with damp-heat syndrome and yang defi-

ciency, reduce the expression of inflammatory cytokines IL-1β
and TNF-α and the formation of foam cells, as well as

Figure 6 Detection of autophagy marker proteins, LC3-II and P62 by Western blot.

All the experiments were repeated for 5 times.

Notes: **P < 0.01 vs CON group; ##P < 0.01 vs AS + DH group; ΔΔP < 0.01 vs

AS + DH + BBR group.

Ke et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Drug Design, Development and Therapy 2020:142458

http://www.dovepress.com
http://www.dovepress.com


significantly reduce the area of intra-aortic lipid plaques; how-

ever, no effect of BBR was observed in AS rats with yang

deficiency. This finding indicates that BBR can effectively

inhibit AS and increase plaque stability in the state of damp-

heat syndrome; however, it is ineffective for yang deficiency

syndrome AS. This is in contrast to the clinical observation

that the heat-clearing and moisture-removing component of

Coptis chinensis can effectively improve the clinical symp-

toms of AS patients with damp-heat syndrome, as well as

aggravate the clinical symptoms of AS patients with yang

deficiency. This opposing effect can be explained by the

TCM theory that the essence of BBR is “cold”, and the

syndrome of damp-heat is “hot”. Thus, when cold treatment

is used, heat is dissipated, wet is degenerated, the evil is

removed, and the disease is cured. In contrast, since the yang

deficiency syndrome is “cold”, when it is treated with “cold”,

the cold elements fight, the evil is increased, and the disease is

aggravated. Our further analysis revealed that following BBR

intervention, the level of LC3-II expression in the aortic tissue

of AS rats with damp-heat syndrome was increased, whereas

P62 was significantly decreased. 3-MA is a widely used

autophagy inhibitor, which increases the area of aortic plaques

in ApoE-/- mice and interdicts the early stage of

autophagy.33,34 3-MA is an autophagy inhibitor and inhibits

autophagy by blocking autophagosome formation via the

inhibition of type III Phosphatidylinositol 3-kinases (PI-3K).

Studies have demonstrated that 3-MA administration attenu-

ated the inhibitory effects of berberine on oxidative stress-

induced apoptosis and the enhanced effects of berberine on

autophagy in human nucleus pulposus cells.35 In our study, the

effects of berberine were reversed after an intervention with

3-MA in which the level of LC3-II in the aortic tissue of the

rats decreased while the level of P62 was significantly

increased. The aforementioned results indicate that BBR can

reduce atherosclerosis development of rats with damp-heat

syndrome. The associated mechanismmay be related to BBR-

mediated up-regulation of autophagy and inhibition of the

inflammatory response in the plaque.

There are several limitations in the current study. Firstly,

the underlying molecular mechanisms of the damp-heat syn-

drome and yang deficiency syndrome have not been fully

understood, and we should be careful when interpreting the

current findings. Further studies may be required to determine

the underlying mechanisms related to these syndromes.

Secondly, the present has not compared the effects of berber-

ine on AS rats with other AS rats with damp-heat syndrome

and yang deficiency, which may be considered in our future

investigation, in order to further understand these animal

models. Thirdly, the present study only determined the LC3-

II and P62 autophagy markers, other markers such as Parkin

and Pink1 should be examined to further confirm on the effects

of berberine on the autophagy in this specific animal model.

Conclusions
In conclusion, our studies for the first time examined the

effects of BBR on the arterial plaque stability in the AS rats

with damp-heat syndrome or yang deficiency syndrome.

Our results indicated the BBR could inhibit arterial plaque

formation and alleviate the inflammatory response in the

aortic tissues in the AS rats with damp-heat syndrome

possibly via promoting autophagy. However, the molecular

mechanisms of BBR-mediated protective effects in this

animal model still require further investigation.
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