
Received:  2018.05.31
Accepted:  2018.07.09

Published:  2018.08.02

  2559      —      6      22

Baicalein Protects Rats with Diabetic 
Cardiomyopathy Against Oxidative Stress and 
Inflammation Injury via Phosphatidylinositol 
3-Kinase (PI3K)/AKT Pathway

	 AB	 Lin Ma
	 CD	 Xiang Peng Li
	 DF	 Heng Sheng Ji
	 BC	 Yue Fen Liu
	 AE	 En Ze Li

	 Corresponding Author:	 En Ze Li, e-mail: jingchu03@yeah.net
	 Source of support:	 Departmental sources

	 Background:	 The aim of this study was to explore the effect of baicalein on diabetic cardiomyopathy (DCM) rats and the 
mechanisms involved, and to determine the theoretical basis for clinical anti-tumor therapy.

	 Material/Methods:	 DCM rat model was induced with a single injection of streptozotocin. Then, DCM rats were treated with baica-
lein alone or co-treated with baicalein and PI3K/Akt inhibitor. Myocardial pathological changes were detect-
ed by HE and Masson staining. The activities of SOD, GSH-Px, and MDA in myocardial tissue were measured 
by biochemical tests. The levels of TNF-a, IL-1b, and cTn-I were examined by ELISA. NADP+/NADPH ratio was 
measured with the NADP+/NADPH assay kit. RT-PCR was used to detect the levels of PI3K and Akt. The levels 
of Bax, Bcl-2, Caspase-3, GSK-3b, PI3K, and Akt were detected by Western blot.

	 Results:	 Baicalein could improve pathological injury. SOD and GSH-Px activity decreased while the level of MDA increased 
in myocardial tissue. Baicalein treatment enhanced SOD activity in a dose-dependent manner but markedly re-
duced MDA. Similar changes were observed in both serum inflammatory factors and the NADP+/NADPH ratio. 
After adding PI3K-Akt inhibitor, the levels of PI3K and Akt mRNA expression were significantly decreased, but 
were not significantly different from the DCM group. Levels of Bcl-2, PI3K, p-GSK-3b/GSK-3b, and p-Akt were 
decreased in the DCM group, while the levels of Bax and Caspase-3 were obviously increased.

	 Conclusions:	 Baicalein can protect DCM rats against damage from oxidative stress and inflammation in myocardial tissue, 
and PI3K/Akt signaling pathway may be involved to mediating these effects.
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Background

Diabetic cardiomyopathy (DCM) is a myocardial dysfunction 
in diabetic humans or animals. It is defined pathologically as 
mononuclear or mixed cellular infiltration associated with myo-
cyte necrosis and degeneration in the presence or absence of 
fibrosis [1]. DCM is characterized by heart muscle disorder in 
the absence of coronary artery disease and has symptoms of 
early-onset diastolic and late-onset systolic dysfunction [2]. 
Previous studies reported that reactive oxygen species, cardiac 
inflammation, accumulation of cardiac fibrosis, hyperglycemia, 
and apoptosis are all likely implicated in the pathophysiolo-
gy of DCM [3,4]. Currently, there is no effective specific treat-
ment available for DCM [5,6]. Several therapeutic approaches, 
such as inhibition of the renin-angiotensin-aldosterone-sys-
tem and supplementation of endogenous antioxidants, have 
been proposed for the treatment of DCM5,6. A novel therapeu-
tic strategy targeting the phosphoinositide 3-kinase PI3K/Akt 
signaling pathway has recently been tested in an experimen-
tally induced DCM rat model and showed therapeutic poten-
tial [6,7]. The PI3K/Akt signaling pathway has been reported 
to be implicated in human malignancy; it can suppress inflam-
mation and mediate oxidative stress [8–12]. Therefore, com-
pounds with anti-inflammatory or antioxidant features may 
be beneficial for DCM.

Baicalein is a bioflavonoid originally isolated from the roots of 
Scutellaria baicalensis and Scutellaria lateriflora (2 flowering 
plants used in herbal medicine). It is part of the active ingre-
dients of Sho-Saiko-To, a Japanese herbal supplement used to 
improve liver health. It has been reported that baicalein can 
act as an anti-inflammatory agent [13], inhibit certain types 
of lipoxygenases [14], and exhibit antimicrobial activity [15]. 
Since cardiac inflammation is an important contributor to the 
development of DCM, we suspect that baicalein may have ben-
eficial effects in the treatment of DCM, which has not been 
reported until now.

Thus, the aim of the present study was to examine the effect 
of baicalein on streptozotocin (STZ)-induced DCM and to deter-
mine the potential underlying mechanisms in STZ-induced rats.

Material and Methods

Experimental animals

We purchased 4-week old, male, SPF Sprague-Dawley rats 
(100–120 g) from Ji’nan Peng Yue Experimental Animal Breeding 
Co., Ltd. (SCXK (Lu) 20140007) in China. All animals were 
treated in accordance with the Guide for the Care and Use 
of Laboratory Animals. All experiments were approved by the 
Animal Care and Use Committee. A total of 70 rats were used, 

and 10 rats were fed a basal diet and served as the control 
group, while the other 60 were fed a high-sugar, high-fat diet 
prepared by adding 20% sucrose and 20% lard. After 8 weeks, 
insulin resistance was observed in the rats fed the high-sugar, 
high-fat diet. Streptozotocin (STZ) was then intraperitoneally 
injected into the rat (40 mg/kg). The concentrations of fast-
ing blood glucose were then measured at 72 h and 7 d after 
injection. Rats with fasting blood glucose values equal to or 
higher than 11.6 μmol/L for both measurements were consid-
ered as the diabetic rats.

The DCM rats were then equally divided into 4 groups: the 
DCM group; the 100 mg/kg baicalein group; the 200 mg/kg 
baicalein group; and the 200 mg/kg and 0.3 mg/kg LY294002 
group (PI3K-AKT inhibitor). After 16 weeks of treatment, blood 
collection by tail snipping was performed on all the rats after 
anaesthesia through intraperitoneal injection of pentobarbi-
tal at a dose of 50 mg/kg. Then rats were sacrificed by cervi-
cal dislocation. One part of the myocardial tissue was fixed 
in 4% paraformaldehyde and embedded in paraffin, and the 
other part was homogenized in physiological saline solution 
and the 10% homogenate was centrifuged at 4000 rpm for 
15 min at 4°C to collect the supernatant for further analysis.

HE assay and Masson assay

The embedded tissue was then cut into 5-μm sections. 
Subsequent to dewaxing with xylene, hydration was per-
formed using a series of graded concentrations of ethanol 
(100% ethanol for 5 min, 95% ethanol for 1 min, 80% etha-
nol for 5 min, 75% ethanol for 5 min, and distilled water for 
2 min). H&E staining was performed using the routine meth-
od at room temperature for 12 min. Following dehydration, 
sections were treated twice with xylene at room temperature 
for 10 min. Then, tissue sections were sealed with neutral 
resin. After that, according the Masson Staining Kit (Beijing 
LEYBOLD Cable Technology Co. Ltd.) manual, a series of op-
erations, including hydrochloric acid alcohol differentiation 
(30 s), tap water soaking for 15 min, staining with eosin stain 
(Beijing LEYBOLD Cable Technology Co. Ltd.) for 2 min, dehy-
dration, transparentizing, and mounting, were done to make 
the sample ready for tests. The pathological changes of the 
tissue were observed using a light microscope (Olympus BX51, 
Japan Olympus Company, magnification, ×400).

Measurement of bio-markers of oxidative stress

The activity of superoxide dismutase (SOD) in myocardial tis-
sue was measured by Xanthine Oxidase assay. The activity of 
glutathione peroxidase (GSH-Px) was measured by a colori-
metric method. Thiobarbituric acid (TBA) assay was performed 
to detect malondialdehyde (MDA). The procedure followed the 
instructions of the manufacturer (R&D Systems, USA).
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Serum cytokines analysis

The levels of TNF-a (ab100785, Abcam), IL-1b (ab100768, 
Abcam), and cTn-I (KE1457, ImmunoWay) in serum were mea-
sured by enzyme-linked immunosorbent assay (ELISA) accord-
ing to the manufacturer’s instructions (R&D Systems, USA).

Measurement of the NADP+/NADPH ratio

The measurements were carried out with duplicate samples. 
For each measurement, a 20-mg tissue sample was placed into 
a 1.5-mL EP tube, followed by addition of 100 μL NADPH or 
100 μL NADP. The sample was then homogenized, heated at 
60°C for 5 min, and mixed with 20 μL assay buffer and 100 μL 
NADP or 100 μL NADPH. After centrifugation at 14 000×g for 
5 min, the supernatant was then saved for colorimetric mea-
surement of the levels of NADP+ or NADPH. A series of stan-
dards were also prepared and measured colorimetrically. The 
standard curve derived was then used to calculate the ratio 
of NADP+/NADPH in the sample.

RT-PCR

Total RNA was extracted using a Trizol kit (Takara, Japan). 
Its purity and integrity were determined and the reverse 
transcription was performed using a reverse transcrip-
tion kit (Takara, Japan). The Primers A 1 μL cDNA con-
figuration reaction system was used to perform the PCR 
reaction using the SYBR Green kit. PCR primer sequenc-
es were PI3K: Forward: 5’-ACTTTGTGACCTTCGGCTTT-3’, 
Reverse: 5’-TACATTCCTGATCTTCCTCG-3’; AKT: Forward: 
5’-TGCTCATTGAGAATGTCGCGTCTC-3’, Reverse: 5’-AGGCATTCCGC 
AGGAAGGTAAAGA-3’; b-actin: 5’-ACGGCCAGGT

CATCACTATTG-3’, Reverse: 5’-CCTGCTTGCTGATCCACATCT-3’. PCR 
amplifications were performed at 95˚C for 3 min, followed by 
30 cycles at 95˚C for 1 min, 56˚C for 40 s, and 72˚C for 1 min. 
b-actin was used as an endogenous control to normalize dif-
ferences. Melting curves were created to ensure that the pro-
duction of non-specific products was avoided. Quantification 
was performed by normalizing the cycle threshold values to 
those of b-actin and analyzing results using the 2–DDCt meth-
od. The band intensities were calculated using Image J soft-
ware (ABI, USA).

Western blot analysis

Total protein was extracted by using Tissue Total Protein Lysis 
buffer (Sangon Biotech CO., Ltd., Shanghai, China) according to 
the manufacturer’s protocol. The protein samples were incu-
bated at 0˚C for 30 min, and then centrifuged at 10 000×g at 
4˚C for 8 min, and supernatants were then extracted. Protein 
concentrations were quantified using a BCA Protein Assay 

Reagent kit (Pierce; Thermo Fisher Scientific, Inc.). Protein 
samples (40-μg) were separated via 10% SDS-PAGE and trans-
ferred to a polyvinylidene fluoride membrane. The membrane 
was blocked with 5% skimmed milk for 1 h at room tempera-
ture, prior to an overnight incubation at 4˚C with rabbit anti-
rat Bax polyclonal antibody (dilution, 1: 500; cat. no. CPA1091; 
Cohesion, Ltd.), rabbit anti-rat bcl-2 monoclonal antibody (di-
lution, 1: 500; cat. no. CPA7391; Cohesion, Ltd.), rabbit anti-
rat Caspase-3 polyclonal antibody (dilution, 1: 500; cat. no. 
CPA1140; Cohesion, Ltd.), rabbit anti-rat GSK-3b polyclonal an-
tibody (dilution, 1: 500; cat. no. orb14419; Biorbyt, Ltd.), rabbit 
anti-rat p-GSK-3b polyclonal antibody (dilution, 1: 500; cat. no. 
orb222837; Biorbyt, Ltd.), rabbit anti-rat PI3K polyclonal anti-
body (dilution, 1: 500; cat, no. CPA1891; Cohesion, Ltd.), rab-
bit anti-rat t-Akt polyclonal antibody (dilution, 1: 500; cat. no. 
orb159895; Biorbyt Ltd.), and rabbit anti-rat p-Akt polyclonal 
antibody (dilution, 1: 500; cat. no. orb222951; Biorbyt, Ltd.). 
The membrane was then washed 3 times for 5 min with TBST 
(TBS with 1ml/l Tween-20). Finally, the membrane was incu-
bated with horseradish peroxidase-conjugated secondary an-
tibodies (dilution, 1: 5000; cat. no. orb345943; Biorbyt, Ltd.) 
for 2 h at room temperature, and then washed 3 times for 10 
min with TBST. Imaging was performed using enhanced chemi-
luminescence (ECL) Prime Western Blotting Detection reagent 
(GE Healthcare, Chicago, IL, USA) in a dark room. The expres-
sion of the protein samples was standardized to b-actin, then 
band densities were scanned and quantified using Image J 2.1 
software (National Institutes of Health, Bethesda, MD, USA).

Statistical analysis

SPSS Statistics V19.0 was used for statistical analysis. The rel-
evant data are expressed as the mean ± standard deviation. 
Multiple comparisons between more than 2 groups were per-
formed by one-way analysis of variance followed by least-sig-
nificant difference or Kruskal-Wallis tests. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Histopathological analysis

As shown in Figure 1A, in the control group, the normal myo-
cardial cells were neatly and tightly arranged, with clear struc-
ture and less extracellular matrix. In the DCM group, hypertro-
phy and distortion were noted in the myocardial cells, which 
were irregularly arranged. In the baicalein treatment groups, 
the above pathological injury was improved to some extent. 
After adding PI3K-AKT inhibitor, there was no significant 
change in pathological injury compared with the model group. 
As shown in Figure 1B, compared with the control group, large 
blue collagen fibers were seen in the myocardial fibers of the 
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DCM group, mainly distributed in the myocardial interstitium 
and the peripheral blood vessels. In the baicalein treatment 
groups, the above pathological injury was improved to some 
extent. After adding PI3K-AKT inhibitor, the pathological inju-
ry was not different from the DCM group.

Effect of baicalein on myocardial tissue oxidative stress 
parameters

As shown in Figure 2, compared with control group, SOD and 
GSH-Px activity in DCM group were significantly decreased, 
while the content of MDA was significantly increased (p<0.05). 
In baicalein treatment groups, the activity of SOD increased 
significantly (p<0.05) in a dose-dependent manner, while the 
GSH-Px activity was not significantly different (p>0.05), and 
the MDA content decreased significantly (p<0.05). The activ-
ities of MDA, SOD, and GSH-Px were not significantly differ-
ent from those in the DCM group after adding PI3K-AKT in-
hibitor (p>0.05), which indicated that the effect of baicalein 
was inhibited.

Effects of baicalein on serum cytokines

The levels of TNF-a, IL-1b, and cTn-I in serum were 264±23 
ng/L, 18.2±1.4 ng/L, and 0.68±0.04 ng/ml, respectively, com-
pared with the control group (138±14 ng/L, 11.9±0.9 ng/L, 
0.34±0.06 ng/ml) were significantly increased (p<0.05). 
Compared with the DCM group, the levels of TNF-a, IL-1b, 

and cTn-I were significantly decreased (p<0.05), as were the 
levels of TNF-a, IL-1b, and cTn-I (p<0.05), in a dose-dependent 
manner (Figure 3). There was no significant difference in serum 
TNF-a, IL-1b, and cTn-I levels between the 2 groups (p>0.05) 
after adding PI3K-Akt inhibitor. Briefly, baicalein was shown 
to reduce the inflammatory response of DCM rats.

Effects of baicalein on NADP+/NADPH ratio

The ratio of NADP+/NADPH in DCM group was 2.2 times high-
er than that in the control group (p<0.05), which indicated that 
the activity of NADPH oxidase in the DCM group increased. The 
ratios of NADP+/NADPH in baicalein treatment groups were 
decreased by 27.28% and 83.33% (p<0.05), respectively, in a 
dose-dependent manner (Figure 4). The ratio of NADP+/NADPH 
increased with the PI3K-Akt inhibitor, which was not signifi-
cantly different from the DCM group (p>0.05). Those results 
suggested that the protective effect of baicalein was inhibited.

Effect of baicalein on PI3K and Akt mRNA Expression

The expression of PI3K and Akt mRNA in the DCM group, 
100 mg/kg group, and 200 mg/kg group were significantly 
higher than in the control group (p<0.05) (Figure 5), and lev-
els in the baicalein treatment group were significantly high-
er than those in the DCM group (p<0.05). The expressions of 
PI3K and Akt mRNA were significantly decreased after adding 

Control DCM 100 mg/kg 200 mg/kg 200 mg/kg+LY294002

Control DCM 100 mg/kg 200 mg/kg 200 mg/kg+LY294002

A

B

Figure 1. �Pathological changes of myocardial tissue. (A) HE staining; (B) Masson staining. (×400).
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Figure 2. �Changes of SOD activity, GSH-Px activity and MDA level in different groups. (A) SOD activity; (B) GSH-Px activity; (C) MDA 
level. vs. control group, * p<0.05; vs. DCM group, # p<0.05; vs. 100 mg/kg group, & p<0.05; vs. 200 mg/kg group, @ p<0.05.
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Figure 3. �Changes of TNF-a, IL-1b and cTn-I in different groups. (A) TNF-a; (B) IL-1b; (C) cTn-I. vs. control group, * p<0.05; vs. DCM 
group, # p<0.05; vs. 100 mg/kg group, & p<0.05; vs. 200 mg/kg group, @ p<0.05.
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PI3K-Akt pathway inhibitor, and there was no significant dif-
ference from the DCM group (p>0.05).

Effect of baicalein on Bax, Bcl-2, Caspase-3, GSK-3b, PI3K, 
and Akt protein expression

Compared with the control group, the expression of Bax and 
Caspase-3 protein in the DCM group increased, while the lev-
els of Bcl-2, PI3K, p-GSK-3b/GSK-3b, and p-Akt expression were 
decreased (p<0.05). In baicalein treatment groups, the expres-
sions of Bcl-2, PI3K, p-GSK-3b/GSK-3b, and p-Akt were signifi-
cantly increased (p<0.05) and the levels of Bax and Caspase-3 
expression were decreased. After adding PI3K-Akt inhibitor, 
the expression of Bax and Caspase-3 proteins were increased, 
while the expression of Bcl-2, PI3K, p-GSK-3b/GSK-3b, and p-
Akt proteins were decreased (Figure 6). These results show 
that the effect of apoptosis protein expression is related to 
the PI3K/Akt signaling pathway.
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Figure 4. �NADP+/NADPH ratios in different groups. vs. control 
group, * p<0.05; vs. DCM group, # p<0.05; vs. 100 
mg/kg group, & p<0.05; vs. 200 mg/kg group, @ p<0.05.
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Figure 5. �PI3K and Akt mRNA expression in different groups. (A) PI3K mRNA; (B) Akt mRNA. vs. control group, * p<0.05; vs. DCM group, 
# p<0.05; vs. 100 mg/kg group, & p<0.05; vs. 200 mg/kg group, @ p<0.05.

Discussion

DCM is a disorder of the heart muscle in diabetic humans or 
animals. There are still no effective preventive or therapeutic 
approaches. In this study, a diabetic rat model was induced 
by a combination of STZ and high-energy dietary intake. 
Intraperitoneal injection of baicalein was used to observe the 
protective effect of baicalein on DCM and to explore its pos-
sible mechanism.

It was reported that oxidative stress plays an important role 
in the development of DCM [6]. Some enzymes, such as SOD 
and GSH, provide cellular protection against damage from ox-
ygen-derived free radicals [16]. MDA is the end-product of the 
oxygen-derived free radicals and lipid oxidation, which reflects 
the damage caused by reactive oxygen species [17]. In the ex-
periment, our results showed that DCM rats had decreased 
activity in both SOD and GSH-Px but had elevated levels of 
MDA. However, treatment with baicalein enhanced SOD activ-
ity in a dose-dependent manner and the MDA level decreased 
dramatically. Oxidative stress is an imbalance between the 
generation and elimination of reactive oxygen species (ROS), 
which is a key player in heart failure [18,19]. It has also been 
reported that NADPH oxidase plays a critical role in ROS gen-
eration [20,21]. The ratios of NADP+/NADPH in baicalein treat-
ment groups were decreased in a dose-dependent manner. 
These biological parameters demonstrated baicalein can pro-
tect DCM rats by inhibition of oxidative stress.

Numerous studies suggested important roles of cardiac inflam-
mation in the development of DCM [3,4]. Cardiac inflammation 
is characterized by increased levels of pro-inflammatory cyto-
kines, and these pro-inflammatory cytokines are major con-
tributors of DCM [22]. In the present study, we examined the 
serum levels of TNF-a, IL-1b, and cTn-I. We observed that DCM 
rats showed markedly elevated levels of serum inflammatory 
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Figure 6. �The protein expression in different group. (A) Bax; (B) Bcl-2; (C) Caspase-3; (D) PI3K; (E) GSK-3b; (F) Akt. vs. control group, 
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5374
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Ma L. et al.: 
Protective effect of baicalein on diabetic cardiomyopathy in rats

© Med Sci Monit, 2018; 24: 5368-5375
ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



factors. HE and Masson staining showed baicalein can improve 
pathological injury. Those results indicate that baicalein can 
protect DCM rats by suppression of inflammation.

It was reported that the PI3K/Akt signaling pathway was re-
lated to DCM [7]. LY294002, a selective inhibitor of PI3K, was 
used in our study. HE and Masson staining showed that af-
ter adding PI3K-AKT inhibitor, the pathological injury was not 
different from the DCM group. Western blot analysis showed 
that after adding PI3K/Akt inhibitor, the expressions of Bax 
and Caspase-3 proteins were increased, while the expressions 
of Bcl-2, PI3K, p-GSK-3b/GSK-3b, and p-Akt proteins were de-
creased. This means that the effect of apoptosis protein ex-
pression is related to the PI3K/Akt signaling pathway. We 
also observed that co-treatment with baicalein and PI3K/Akt 

inhibitor offset the effect of baicalein on DCM, indicating that 
its effect of regulating oxidative stress and anti-inflammation 
was inhibited by PI3K/Akt inhibitor.

Conclusions

We conclude that baicalein shows promise as a therapy for 
DCM. Baicalein protected DCM rats by regulating oxidative 
stress parameters and inflammatory cytokines, and the PI3K/Akt 
signaling pathway mediated these effects.
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