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Abstract. Ischemic heart disease is a leading cause of 
mortality and occurs due to coronary arterial atherosclerosis, 
vascular cavity stenosis and occlusion. It has previously 
been demonstrated that berberine treatment may amelio-
rate and help to prevent cardiovascular diseases due to its 
anti‑inflammatory and anti‑apoptotic effects in myocardial 
cells. However, the potential signaling mechanisms mediated 
by berberine in the progression of myocardial injury remain 
to be elucidated. The aim of the present study was to inves-
tigate the therapeutic effects of berberine and its potential 
mechanism in a mouse model of myocardial cell injury. The 
results revealed that berberine treatment downregulated the 
serum expression of inflammatory factors, including inter-
leukin (IL)‑6, tumor necrosis factor‑α, IL‑10 and IL‑17A 
in mice with anoxia‑reoxygenation injury. Berberine treat-
ment also decreased myocardial cell apoptosis following 
anoxia‑reoxygenation injury via regulating the expression of 
apoptosis‑associated genes. Histological analysis revealed 
that the area, circumference fragmentation and segmentation 
of myocardial cells were significantly decreased by berberine 
treatment compared with the control group. The body weight, 
blood lipid levels, blood pressure and heart rate were markedly 
improved in mice with anoxia‑reoxygenation injury following 
berberine treatment compared with untreated mice. The 
expression of p38 mitogen‑activated protein kinase (MAPK) 
and nuclear factor (NF)‑κB expression was downregulated 
in myocardial cells from in mice with anoxia‑reoxygenation 
injury following berberine treatment compared with untreated 
mice. However, p38 MAPK overexpression ameliorated the 

berberine‑induced decrease in NF‑κB activity and expression, 
as well as the berberine‑induced inhibition of myocardial 
apoptosis in myocardial cells isolated from experimental mice. 
In conclusion, the results of the present study indicate that 
berberine is able to decrease the expression of inflammatory 
cytokines expression and inhibit myocardial cell apoptosis via 
downregulating the p38 MAPK‑mediated NF‑κB signaling 
pathway. These results suggest that berberine may be an effec-
tive treatment for anoxia‑reoxygenation injury.

Introduction

Cardiovascular diseases may affect the heart, brain and blood 
vessels and are caused by hyperlipidemia, atherosclerosis 
and hypertension (1,2). Cardiovascular diseases also include 
cerebrovascular diseases  (3). Cardiovascular disease pres-
ents systemic vascular lesion or systemic vascular lesions in 
the performance of the heart and brains, which is the most 
frequent cause of death in the old population of economi-
cally developed countries  (4‑6). Cardiovascular disease 
also presents the highest mortality in the world that closely 
associates with metabolism disorders of the glucose and lipid 
metabolism (7,8). At present, anoxia‑reoxygenation injury of 
the heart represents a serious threat to human health (9). As 
such, developing our understanding of the potential signaling 
mechanism of anoxia‑reoxygenation injury is essential for the 
prevention and treatment of cardiovascular disease.

Anoxia‑reoxygenation injury‑associated coronary heart 
disease has high morbidity and mortality (10). Inflammation 
is one of the most common pathogeneses observed and serves 
an important role in the progression of anoxia‑reoxygenation 
injury (11,12). It has previously been reported that berberine 
is able to attenuate lipopolysaccharide (LPS)‑induced inflam-
mation and extracellular matrix accumulation via regulating 
the nuclear factor (NF)‑κB signaling pathway (13). In addi-
tion, berberine attenuates ischemia‑reperfusion injury via 
regulating adenosine‑5'‑monophosphate kinase activity in 
both non‑ischemic and ischemic areas of the rat heart (14). 
Furthermore, berberine protects the rat heart from isch-
emia/reperfusion injury via activating the Janus kinase 2/signal 
transducer and activator of transcription 3 signaling pathway 
and attenuates endoplasmic reticulum stress (15). However, the 
potential molecular signaling pathways mediated by berberine 
anoxia‑reoxygenation injury remain to be elucidated.
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In the present study, the potential signaling mechanisms 
mediated by berberine in myocardial injury were assessed. 
The therapeutic effects of berberine were also investigated 
in a mouse model of anoxia‑reoxygenation injury. The 
results demonstrated that berberine decreased the expres-
sion of inflammatory cytokines and inhibited myocardial 
cell apoptosis. Together, these data indicate that berberine 
may have potential as a treatment for anoxia‑reoxygenation 
injury.

Materials and methods

Ethics statement. The present study was conducted in accor-
dance with the recommendations of the China Guide for the 
Care and Use of Laboratory Animals (16). Ethical approval 
was granted by the Ethical Committee of Heilongjiang 
Provincial Hospital (Harbin, China).

Animal study. A total of 20 male C57BL/6 mice (age, 8 weeks; 
weight range, 28‑32 g) were purchased from Charles River 
Laboratories (Wilmington, MA, USA) and housed at 23±1˚C 
and 50±5% humidity with a 12 h light/dark cycle and free 
access to diet and water. The myocardial injury model was 
established as previously described (17). Anoxia‑reoxygenation 
injury mice were subsequently randomly divided into two 
groups (n=10 in each group). Mice were administered with 
berberine (10 mg/kg/day; berberine group; Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) or an equal volume of 
PBS (control group). Cardiac function was then assessed to 
evaluate the efficacy of berberine.

Cell culture. Ventriculus sinister myocardial cells were 
isolated from mice as previously described (18) and cultured 
in Dulbecco's modified Eagle's medium (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 10% 
fetal bovine serum (Thermo Fisher Scientific, Inc.) at 37˚C in 
an atmosphere containing 5% CO2. 

Endogenous overexpression of p38 mitogen‑activated 
protein kinase (MAPK). Myocardial cells were cultured 
until 90% confluence was reached, following which the 
medium was removed. Cells were subsequently trans-
fected with pedue12.4‑p38 mitogen‑activated protein 
kinase (MAPK; 100  pmol; Invitrogen; Thermo Fisher 
Scientific, Inc.) or pedue12.4 empty vector (Control; 
100 pmol; Invitrogen; Thermo Fisher Scientific, Inc.) using 
Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.). The 
p38 MAPK‑overexpression myocardial cells were used to 
analyze the efficacy of berberine on NF‑κB signal pathway 
72 h following transfection.

Histological analysis. Cardiac tissues were fixed in 4% 
paraformaldehyde for 1 h at room temperature and embedded 
in paraffin for 2 h at room temperature. The sections was 
subjected this section to Masson's trichrome staining using a 
staining kit (Sigma‑Aldrich; Merck KGaA) according to the 
manufacturer's instructions using light microscope (magni-
fication, x100). The infarct area was measured by Masson 
staining using computer‑assisted planimetry (version 1.2; 
Bio‑Rad Laboratories, Inc., Hercules, CA, USA).

ELISA. Blood samples were obtained from experimental mice 
on day 30. Serum interleukin (IL)‑6 (cat. no. MBS700340), 
tumor necrosis factor (TNF)‑α (cat. no. MBS7817), IL‑10 
(cat.  no.  MBS10262) and IL‑17A (cat.  no.  MBS26282; 
all Thermo Fisher Scientific, Inc.) levels in mice with 
anoxia‑reoxygenation injury were measured using ELISA kits 
according to the manufacturer's protocol following treatment 
with berberine or PBS. Serum IL‑6, TNF‑α, IL‑10 and IL‑17A 
levels were measured using an enzyme microplate reader at 
570 nm.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from myocardial cells 
using RNAzol (Thermo Fisher Scientific, Inc.), and DNase 
RNase‑free (Sigma‑Aldrich; Merck KGaA) was used to digest 
total RNA at 37˚C for 15 min. An RNeasy kit (Thermo Fisher 
Scientific, Inc.) was then used to purify RNA and the concen-
tration was adjusted 1 µg/µl. A total of 2 µg RNA was used as 
the template to synthesize cDNA at 37˚C for 120 min, 99˚C for 
4 min and 4˚C for 3 min. Followed by, qPCR was performed 
to amplify the expression of IL‑6, TNF‑α, IL‑10, IL‑17A, 
B‑cell lymphoma (Bcl)‑2, P53, p38 MAPK and NF‑κB, with 
β‑actin as a control (Table I). Thermocycling conditions were 
as follows: 95˚C for 2 min, followed by 35 cycles of 95˚C 
for 20 sec, 55.8˚C for 30 sec and 72˚C for 30 sec, followed 
by a final extension at 72˚C for 5 min. Following RT‑qPCR, 
agarose electrophoresis with 1% ethidium bromide was used 
to check the amplified PCR products. Gene expression was 
quantified using TaqMan Gene Expression Assays (Thermo 
Fisher Scientific, Inc.). Relative mRNA expression changes 
were calculated using the 2‑ΔΔCq method (19). 

Western blotting. Myocardial cells were isolated and lysed in 
radioimmunoprecipitation assay buffer (M‑PER for cells, T‑PER 
for tissues; Thermo Fisher Scientific, Inc.) and homogenized 
at 4˚C for 10 min. Protein concentration was measured using 
a bicinchoninic acid assay kit (Thermo Fisher Scientific, Inc.). 
A total of 20 µg protein was separated by 12.5% SDS‑PAGE 
and transferred to nitrocellulose membranes. The membranes 
were incubated in blocking buffer (5% milk) for 2 h at room 
temperature, following which they were incubated with primary 
antibodies for 12  h at 4˚C. The following primary rabbit 
anti‑mouse antibodies were used: Bcl‑2 (1:200; cat. no. ab59348), 
Bcl‑extra large (Bcl‑xl; 1:1,000; cat.  no.  ab178844), IL‑6 
(1:1,000; cat. no. ab100712), TNF‑α (1:500; cat. no. ab119139), 
IL‑10 (1:500; cat. no. ab9969), IL‑17 (1:500; cat. no. ab79056), 
p38 MAPK (1:1,000; cat.  no.  ab47363), NF‑κB (1:500; 
cat.  no.  ab131493) and β‑actin (1:500; cat.  no.  ab8226; all 
Abcam, Cambridge, UK). Membranes were subsequently incu-
bated with horseradish peroxidase‑conjugated anti‑rabbit IgG 
(1:5,000; cat. no. STAR36D649GA; Bio‑Rad Laboratories, Inc.) 
for 2 h at 37˚C. Bands were visualized using a Western Blotting 
Luminol Reagent and the band intensities were analyzed by 
ImageJ software 1.0 (National Institutes of Health, Bethesda, 
MD, USA).

TUNEL assay. Myocardial cells (1x106  cells/well) were 
cultured in 6‑well plates and treated with p38 MAPK inhibitor 
SB203580 (1 mg/ml; Sigma‑Aldrich; Merck KGaA) or NF‑κB 
inhibitor PDTC (1 mg/ml; Sigma‑Aldrich; Merck KGaA) for 
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12 h at 37˚C. Apoptosis was analyzed using a TUNEL assay 
(DeadEnd™ Colorimetric TUNEL System; Promega Corp., 
Madison, WI, USA) according to the manufacturer's protocol. 
Myocardial tissues were incubated with the TUNEL reaction 
mixture for 1 h at 37˚C, following which streptavidin‑ and 
DAB‑bound biotin was quantified and cells were counter-
stained with hemalaun (Merck KGaA) and aquatex (Merck 
KGaA). DNA fragmentation was randomly detected by 
observing three fields in each tumor section using a confocal 
microscope at 488 nm (magnification, x40).

Statistical analysis. Data are expressed as the mean ± standard 
deviation and were analyzed using Student's t‑test or one‑way 

analysis of variance followed by Tukey's post hoc test. 
All data were analyzed using SPSS Statistics 19.0 (IBM 
Corp., Armonk, NY, USA) and GraphPad Prism version 5.0 
(GraphPad Software, Inc., La Jolla, CA, USA). *P<0.05 was 
considered to indicate a statistically significant difference.

Results

Berberine treatment downregulates the expression of inflam‑
matory factors in mice with anoxia‑reoxygenation injury. 
Serum IL‑6, TNF‑α, IL‑10 and IL‑17A was downregulated 
in the berberine group compared with the control group 
(Fig. 1A‑D). RT‑qPCR results demonstrated that IL‑6, TNF‑α, 

Table I. Primers for reverse transcription‑quantitative polymerase chain reaction.

Gene 	 Forward (5'‑3')	 Reverse (5'‑3')

IL‑6	 TTCCATCCAGTTGCCTTCTTGG	 TTCTCATTTCCACGATTTCCCAG
TNF‑α	 AGGCGGTGCTTGTTCCTC	 AGGCGAGAAGATGATCTGACTGCC
IL‑17A	 ATGCACAGCCACCGCGACTT	 CTTCATGACTGCCTCCAAGTAG
IL‑10	 CAGTGCAGAAGAGTCGACTGCAAG	 CGCTTGAGATCCTGAAATATA
Bcl‑2	 5GATGAAGTACATCCATTATAAGCTGTCACA	 GCGCTCAGCCCTGTGCCACCTGTGGTCCAC
Bcl‑xl	 CCGGAATTCATGGCGA	 CGCGCGGCCGCTCACTTGCTAGCAA
p38 MAPK	 TCCCTCAGGAAGCTTGAACCTGAA	 AAACCTAGGGTGTGGATGCCTCTT
NF‑κB	 TGCTTCCTGATGACGATGTA	 TCCTCGGAGACTGGTAATGG
β‑actin	 CGGAGTCAACGGATTTGGTC	 AGCCTTCTCCATGGTCGTGA

IL, interleukin; TNF, tumor necrosis factor; Bcl, B‑cell lymphoma; xl, extra large; MAPK, mitogen‑activated protein kinase; NF, nuclear factor.

Figure 1. Berberine treatment downregulates the expression of inflammatory cytokines in mice with anoxia‑reoxygenation injury. Serum (A) IL‑6, (B) TNF‑α, 
(C) IL‑10 and (D) IL‑17A in mice with anoxia‑reoxygenation injury. IL‑6, TNF‑α, IL‑10 and IL‑17A (E) mRNA and (F) protein expression in myocardial cells 
from mice with anoxia‑reoxygenation injury. **P<0.01. IL, interleukin; TNF, tumor necrosis factor.
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IL‑10 and IL‑17A mRNA expression was decreased in myocar-
dial cells from the berberine group compared with the control 
group (Fig. 1E). The results of western blotting also revealed 
that IL‑6, TNF‑α, IL‑10 and IL‑17A protein expression was 
downregulated in myocardial cells from the berberine group 
compared with the control group (Fig.  1F). These results 
suggest that berberine treatment effectively reduced inflam-
mation in mice with anoxia‑reoxygenation injury.

Berberine treatment improves biochemical parameters in a 
mouse model of anoxia‑reoxygenation injury. As shown in 
Fig. 2A, body weight was increased in the berberine group 
compared with the PBS group. Furthermore, blood lipid 
levels were decreased in the berberine group compared with 
the control group (Fig. 2B). The results revealed that blood 
pressure and heart rate were increase in the berberine group 
compared with the control group (Fig.  2C  and  D). These 

Figure 2. Berberine treatment improves biochemical parameters in a mouse model of anoxia‑reoxygenation injury. (A) Body weight, (B) blood lipid levels, 
(C) blood pressure and (D) heart rate in mice with anoxia‑reoxygenation injury. *P<0.05 and **P<0.01. TC, total cholesterol; TG, triglyceride.

Figure 3. Berberine treatment reduces myocardial cell apoptosis in mice with anoxia‑reoxygenation injury. (A) Berberine treatment decreases myocardial 
apoptosis compared with the control group determined by TUNEL. Berberine treatment upregulates Bcl‑2 and Bcl‑xl (B) mRNA and (C) protein expression 
in mouse myocardial cells. (D) Berberine treatment decreases the myocardial injury area in mice with anoxia‑reoxygenation injury determined by Masson's 
trichrome staining. **P<0.01. Bcl, B‑cell lymphoma; xl, extra large. 
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results suggest that berberine treatment improves biochemical 
parameters in a mouse model of anoxia‑reoxygenation injury.

Berberine treatment reduces myocardial cell apoptosis in 
a mouse model of anoxia‑reoxygenation injury. Berberine 
treatment was observed to significantly decrease myocardial 
apoptosis compare with the control group (Fig.  3A). The 
results of RT‑qPCR and western blotting revealed that the 
expression of Bcl‑2 and Bcl‑xl was upregulated in myocardial 

cells from the berberine group compared with the control 
group (Fig. 3B and C). Furthermore, the myocardial injury 
area was significantly decreased following berberine treat-
ment compared with the control group (Fig. 3D). These results 
suggest that berberine treatment significantly inhibits apop-
tosis anoxia‑reoxygenation injury‑induced apoptosis in mice.

Berberine treatment improves anoxia‑reoxygenation injury 
via the p38 MAPK‑mediated NF‑κB signaling pathway. 

Figure 4. Berberine treatment improves anoxia‑reoxygenation injury via the p38 MAPK‑mediated NF‑κB signaling pathway. Phosphorylated p38 MAPK 
and NF‑κB (A) mRNA and (B) protein expression in myocardial cells isolated from a mouse model of anoxia‑reoxygenation injury. p38 MAPK overexpres-
sion ameliorates the berberine‑induced upregulation in NF‑κB (C) activity and (D) expression in myocardial cells. p38 MAPK overexpression suppresses 
the berberine‑induced overexpression of Bcl‑2 and Bcl‑xl (E) mRNA and (F) protein in myocardial cells. (G) Effects of p38 MAPK overexpression on 
Berberine‑inhibited myocardial apoptosis of myocardial cells isolated from experimental mice determined by TUNEL. (H) Effects of p38 MAPK or NF‑κB 
inhibitor on the apoptosis of myocardial cells isolated from PBS‑treated experimental mice determined by TUNEL. **P<0.01. MAPK, mitogen‑activated 
protein kinase; NF, nuclear factor; Bcl, B‑cell lymphoma; xl, extra large.
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As shown in Fig.  4A  and  B, berberine treatment signifi-
cantly downregulated the expression of phosphorylated p38 
MAPK and NF‑κB in myocardial cells compared with the 
control group. It was also demonstrated that p38 MAPK 
overexpression effectively inhibited the berberine‑induced 
downregulation of NF‑κB activity and expression in myocar-
dial cells isolated from experimental mice (Fig. 4C and D). 
p38 MAPK overexpression treatment also suppressed the 
berberine‑induced upregulation of Bcl‑2 and Bcl‑xl in myocar-
dial cells (Fig. 4E and F). It was demonstrated that p38 MAPK 
overexpression abolished berberine‑inhibited myocardial 
apoptosis in myocardial cells isolated from mice (Fig. 4G). 
p38 MAPK or NF‑κB inhibitor treatment further decreased 
apoptosis in myocardial cells isolated from PBS‑treated mice 
(Fig. 4H). These results suggest that berberine treatment is 
able to improve anoxia‑reoxygenation injury via upregulating 
p38 MAPK‑mediated NF‑κB signaling (Fig. 5).

Discussion

Anoxia‑reoxygenation injury is the most common form of 
cardiovascular disease and typically occurs during myocardial 
infarction, cardiopulmonary bypass surgery, heart attack or 
heart transplantation (20,21). Inflammation serves an impor-
tant role in myocardial ischemia‑reperfusion injury (22,23) 
and it has been suggested that berberine treatment is able to 
attenuate cardiac dysfunction in hyperglycemic and hyper-
cholesterolemic rats by alleviating cardiac lipid accumulation 
and promoting glucose transport  (24). The results of the 
present study demonstrate that berberine treatment decreases 
the expression of inflammatory cytokines and improves the 
biochemical parameters of myocardial cells in a mouse model 
of anoxia‑reoxygenation injury. Furthermore, it was revealed 
that berberine decreases myocardial cell apoptosis via upregu-
lating Bcl‑2 and Bcl‑xl expression. Together, these results 
suggest that berberine treatment may attenuate anoxia‑reoxy-
genation injury via the p38 MAPK‑mediated NF‑κB signaling 
pathway.

A previous study suggested that berberine attenuates adverse 
left ventricular remodeling and cardiac dysfunction in rats 
following acute myocardial infarction and that this is mediated 
via inhibition of the p38 MAPK pathway and activation of the 
pAKT pathway (25). Huang et al (26) reported that berberine 

treatment could alleviate cardiac ischemia/reperfusion injury by 
inhibiting excessive autophagy in cardiomyocytes. The results of 
the present study demonstrate that berberine treatment signifi-
cantly decreases myocardial infarction by inhibiting myocardial 
cell apoptosis in a mouse model of anoxia‑reoxygenation injury. 
Furthermore, pretreatment with berberine has been observed to 
protect the heart against LPS‑induced myocardial dysfunction 
via inhibiting cardiac IκBα phosphorylation and apoptosis in 
mice (27). In the present study, berberine treatment attenuated 
the p38 MAPK‑mediated NF‑κB signaling pathway in a mouse 
model of anoxia‑reoxygenation injury, suggesting that p38 
MAPK may be a potential treatment target for anoxia‑reoxy-
genation injury.

The effects of berberine on hemodynamic parameters and 
Ca2+ have been investigated in cardiac myocytes harvested 
from rats with diastolic heart failure and it was suggested that 
berberine may be an effective dose‑dependent treatment for 
symptomatic relief of heart failure (28). In the present study, 
it was demonstrated that the protective effect of berberine in 
myocardial anoxia‑reperfusion injury may be regulated by the 
p38 MAPK‑mediated NF‑κB signaling pathway in myocardial 
cells. The NF‑κB pathway is associated with myocardial 
anoxia‑reperfusion injury and may trigger the release of 
inflammatory cytokines (29). The results herein suggest that 
berberine treatment inhibits the p38 MAPK‑mediated NF‑κB 
signal pathway, which in turn downregulates the expression 
of inflammatory cytokines IL‑6, TNF‑α, IL‑10 and IL‑17A in 
mice with anoxia‑reoxygenation injury. 

In summary, the results of the present study indicate that 
berberine treatment downregulates inflammatory cytokine 
expression and improves biochemical parameters, including 
body weight, blood lipid levels, blood pressure and heart rate, 
in a mouse model of anoxia‑reoxygenation injury. Berberine 
is able to regulate anoxia‑reoxygenation injury via downregu-
lating the p38 MAPK‑mediated NF‑κB signaling pathway, 
which may contribute to decreased inflammation and apop-
tosis in myocardial cells. These results may provide a basis 
for the clinical use of berberine as a therapeutic treatment for 
anoxia‑reoxygenation injury. 
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