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Abstract: Objective: This study is to investigate the application of paeoniflorin (PF) on myocardial injury as well as
its underlying mechanism on calpain signal transduction pathways. Methods: Rat myocardial injury models were
established using Cecal ligation and puncture (CLP) method and intervened with 30, 60, and 120 mg/kg PF, respectively. After 24 h post operation, creatine kinase isoenzymes (CK-MB) and cardiac troponin I (cTNI) levels in rat
sera were assessed. Pathological alters in cardiac muscle tissues were observed by Hematoxylin-eosin (HE) staining and apoptosis was measured by TUNEL. Then, expressions of calpain and calpastatin mRNA were measured
by Real time polymerase chain reaction (RT-PCR). Additionally, the expression of calpain, calpastatin, caspase-3,
caspase-8, B-cell lymphoma-2 (Bcl-2), and Bid proteins were evaluated by Western blot. Results: CLP model had
higher CK-MB and cTNI levels than the sham group. After adding PF, the levels of CK-MB and cTNI decreased. HE
staining showed that PF attenuated myocardial injury and 30 mg/kg PF had better function comparing with other
concentrations. TUNEL demonstrated that PF alleviated myocardial apoptosis in septic rats. Comparing with CLP
group, mRNA expression of calpain and calpastatin were significantly increased after treatment of PF, and the effect
of PF was reduced in a concentration-dependent manner. Calpain-1, caspase-3, caspase-8 and Bid proteins were
increased whereas calpastatin and Bcl-2 proteins were down-regulated in CLP models compared with the sham
group. PF drastically weakened the expression profiles of these proteins. Conclusion: PF is praised to be a novel
therapeutic indicator for myocardial injury protection and provides new insight in improving limitations and efficacy
of sepsis therapy.
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Introduction
Sepsis has been a systemic inflammatory response syndrome caused by infections [1, 2].
Sepsis can trigger damage to various organs
and change body temperature, circulation, and
breath. Approximately 40% sepsis patients
undergo life-threatening injury on myocardium,
appearing as cardiac dysfunction [3, 4]. Myocardial injury is one of complications of sepsis
with high incidence, characterized with arrhythmia, hypotension and cardiac insufficiency,
which commonly aggravates other organ dysfunctions [5]. Currently, the mechanism of myocardial injury induced by sepsis remains limited. More and more animal and clinical researches have proved that the apoptosis existed in
the progression and development of myocardi-

al injury induced by other diseases [6, 7]. Thus,
the apoptotic mechanism of cardiomyocytes
and drug intervention in sepsis are of great
significance.
Calpains are calcium-dependent cysteine proteases usually constitutively expressed in cardiomyocytes, which have been shown to be
closely related to apoptosis either in concert
with caspases or independently [8]. The endogenous inhibitor calpastatin can suppress activity of calpain through its C extremity, meanwhile
regulate Ca2+ channel. Cardiomyocyte apoptosis in myocardial injury induced by sepsis is
mainly by the two signal transductions. The first
pathway is exogenous apoptotic cascade, which
is mediated by caspases [9]. The tumor necrosis factor receptor associated death domain
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(TRADD) activates caspase-8. Subsequently,
caspase-3 is activated to cell apoptosis, contributing to irreversible death [10]. The other
pathway is endogenous apoptotic cascade,
which is activated by stress stimulation. After
stimulating factors disturbs mitochondria, proapoptosis factors Smac and cytochrome C are
released and Bax proteins up-regulate [11]. The
exogenous and endogenous apoptotic cascades ultimately activate caspase-3 to induce
cell apoptosis, which damage cardiomyocyte
functions.
Paeoniflorin (PF), a monoterpene glycoside, is a
bioactive component extracted from dried
roots of Paeonia [12]. As a main effective monomer of Paeonia, PF shows multiple pharmacological effects including liver protection, antioxidative and anti-inflammatory activities, composure, analgesia, enhancing immune functions with low toxicity [13, 14]. Chen et al.
revealed that PF could attenuate the liver fibrosis at least in part by reducing tumor necrosis
factor (TNF)-alpha in the serum and improving
the anti-oxidative defense [13]. PF had protective effects on SH-SY5Y cell apoptosis from
hydrogen peroxide [15]. Moreover, PF is considered to have a protective effect against doxorubicin (DOX)-induced cardiomyocyte apoptosis
by suppressing NADPH oxidase (NOX)2, NOX4
expression and NOX activity [16]. However, the
effect of PF on calpain of cardiomyocyte apoptosis in myocardial injury induced by sepsis is
still poorly understood. In this study, we established rat sepsis-induced myocardial injury
models using Cecal ligation and puncture (CLP)
method so as to investigate the application of
paeoniflorin (PF) on myocardial injury as well as
its underlying mechanism on calpain signal
transduction pathways.
Materials and methods
Construction of CLP models
The animal models of sepsis were constructed
using 60 healthy male Sprague-Dawley (SD)
rats (weighing within 200-220 g) purchased
from Shanghai Sipper-BK Lab Animal Co. Ltd.
(Shanghai, China). Rats were randomly assigned to six groups (each group n=10) with a
random number table: a control group, a shamoperated group (sham group), a sepsis model
group (CLP group), a PF low-concentration group (30 mg/kg; Chengdu Mansite Technology
Ltd., Chengdu, China), a PF middle-concentra9257

tion group (60 mg/kg) and a PF high-concentration group (120 mg/kg). They were raised in
separate cages for 7 d when water was allowed
ad libitum before the operations. All rats were
given by gavage for 7 d. PF groups were given
10 ml/kg different concentrations of PF. The
control, sham and CLP groups were given 10
ml/kg normal saline.
After gavages of the seventh day, fasting was
performed among all rats for 12 h with free
drinking. CLP method was applied to establish
myocardial injury models induced by sepsis.
Briefly, after rats were anesthetized with intraperitoneal injection of 10% chloral hydrate (3.5
ml/kg), a 2 cm abdominal midline incision was
made to expose the cecum. The cecum was
ligated approximately at 1/3 of its root. The terminal cecum was crossed with an 18-gauge
needle and a little stool was squeezed through
the puncture site. Then the cecum was situated
back in the abdomen and the incision was
sutured. The control group was not treated by
CLP and sham group underwent a similar operation with CLP group without cecal ligation or
puncture. All animals received fluid resuscitation with 50 ml/kg saline solution post
operation.
Assessment of myocardial injury in sera
After 24 h post operation, all rats were put to
execution. From the inferior vena cava, 5 mL
sera were taken and 2.5 mL blood were placed
in an anticoagulation tube containing heparin
for 4°C storage. An automatic biochemistry
analyzer was used to measure creatine kinase
isoenzymes (CK-MB) in sera. The cardiac troponin I (cTNI) in sera was assessed by immune
chemiluminescence method.
Hematoxylin-eosin (HE) staining of cardiac
muscle tissues
After rats were killed at 24 h after surgery, the
heart was taken out rapidly. It was cut to 10
ml/g cardiac muscle tissues and made to
homogenate. After centrifuged for 20 min, the
supernate was collected and stored at -70°C.
The above operations were performed at 4°C.
The cardiac muscle tissues were fixed by 10%
methanal for 30-50 min. Then 50%, 70%, 80%,
95% ethyl alcohol and anhydrous alcohol
(Huadong Medicine Co., Ltd., Hangzhou, China)
were successively used to dehydrate for 1 h.
Tissues were embedded by paraffin. Tissue
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Figure 1. Effect of PF on serum indicators CK-MB and cTNI. (A) CK-MB assessment in six groups; (B) cTNI assessment in six groups. CK-MB, Creatine kinase
isoenzymes; cTNI, Cardiac troponin I; C, control group; S, sham group; M, Cecal ligation and puncture model group; P3, 30 mg/kg PF group; P6, 60 mg/kg
PF group; P12, 120 mg/kg PF group; PF, paeoniflorin; *, P < 0.05, compared
with C group; #, P < 0.05, compared with M group.

sections of the myocardium were sliced up and
stained with HE staining. Morphological changes were observed and recorded under a light
microscopy.
TUNEL apoptosis assay
Cardiac apoptosis of six groups were quantified by TUNEL PITC Apoptosis Dectection Kit
(Nuoweizan Biological Technology Development
Co., Nanjing, China). Cardiac tissue sections by
paraffine were soaked twice with xylene and
steeped by ethyl alcohol for pretreatment. Then
sections were added 100 μl 20 μg/ml Proteinase K for 20 min and washed by cold phosphate buffer saline (PBS) for 2-3 times. The
samples were cultured by adding 100 μl Equilibration Buffer for 10-30 min. After samples
were stained by PI, they were assessed by a
confocal laser scanning microscope at 520 nm
emission.
Real time polymerase chain reaction (RT-PCR)
Total RNA was extracted from cardiac muscle
tissues of six groups respectively using Trizol
reagent (Life Technologies, Gaithersburg, USA).
For reverse transcription, complementary DNA
(cDNA) was synthesized from 1 μg RNA using
the RevertAid First strand cDNA Synthesis Kit
(00064198; Fermentas, Glen Burnie, USA).
Primers were generated by the miScript Primer
Assays (Qiagen, Dusseldorf, Germany) and
β-actin as internal control. The primer sequences were: calpain forward primer, 5’ GATCGAGACGGTAATGGGAAAC’3, reverse primer, 5’CCAGGTC GGGCTCTGAGTAG’3; calpatatin forward
primer, 5’AGTTTCCCAGGTGCCTGCT C’3, reverse primer, 5’CTCGCTATGCTCTGCTTTGATTT’3; β9258

actin forward primer, 5’GGAGATTACTGCCCTGGCTCCTA’3,
reverse primer, 5’GACTCATCGTACTC CTGCTTGCTG’3. The
PCR reactions were as follows: pre-denaturing at 95°C
for 10 min, followed by 40
cycles of denaturing at 95°C
for 30 s, annealing at 55°C
for 30 s, and extension at
72°C for 30 s, then a final
step of 72°C for 8 min.
Western blot

Cardiac muscle tissues of
control group, sham group,
CLP group and three PF groups (30, 60, 120
mg/kg), respectively, were used for western
blot assay. Every 20 mg tissues were mixed
with 250 μl RIPA buffer containing 1 mg Phenylmethanesulfonyl fluoride (PMSF; Biyuntian
Biological Technology Research Institute, Shanghai, China). We constructed the Bio-Rad
Bis-Tris Gel western blotting system, in which
primary antibodies calpain (ab133625), calpastatin (ab154568), caspase-3 (ab123784),
caspase-8 (ab151707), B-cell lymphoma-2
(Bcl-2; ab164325), Bid (ab170784) and the
internal control α-Tubulin were from Abcam
(Cambridge, United Kingdom). Equivalent amounts of protein were separated on by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE; Biyuntian Biological Technology Research Institute, Shanghai, China)
and then transferred onto polyvinylidene fluoride (PVDF) membranes (Kelian Biological Co.,
Hangzhou, China). Next, membranes were incubated with primary antibodies (1:2000) at 4°C
overnight. Goat anti-rabbit IgG secondary antibodies (1:2000; Biosharp, St. Louis, USA) were
blotted by horseradish peroxidase for 2 h at
37°C and membranes were washed with
Tween-20 (TBST; Biosharp, St. Louis, USA) for
10 min repeating 3 times. The ECL detection kit
(2526151; Kelian Biological Co., Hangzhou,
China) was used to visualize bands.
Statistical analysis
Data were expressed as mean ± standard deviation (SD). Statistical differences were evaluated by software SPSS 19.0 (SPSS, Chicago,
USA). The analysis of continuous variables in
multiple groups was performed using One-way
ANOVA. P < 0.05 was considered as statistically significant.
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Figure 2. Representative pathological images in the myocardial sections stained
by Hematoxylin-eosin (magnification × 400). In control group and the sham
group, the structures of cardiocytes and cardiac muscle fibers were normal. In
the CLP model group, cardiocytes appeared edemas and necroses with a lot of
inflammatory cell infiltration. In 30 mg/kg PF group, a small amount of cardiocyte
appears necroses and most fibers appeared to be arranged wavily. In 60 and
120 mg/kg PF groups, the myocardial injury was slightly alleviated. CLP, Cecal
ligation and puncture; PF, paeoniflorin.

serum. As shown in Figure
1A, compared with the
sham group, the CLP model had increased CK-MB
(P < 0.05). CK-MB levels
were decreased by adding
PF compared with CLP
group, especially at 120
mg/kg PF (P < 0.05). In a
concentration-dependent
manner, the effect of PF
was elevated. Additionally,
CLP rats exhibited slightly
higher cTNI levels than the
sham group (Figure 1B).
After adding PF, cTNI levels
were decreased, especially at 120 mg/kg PF (P <
0.05). These results claimed that there was myocardial injury in rat CLP
models and 120 mg/kg PF
could alleviate it.
PF attenuated myocardial
injury as indicated by HE
staining

Cardiac muscle sections
were stained with HE to
assess CLP damage and
PF effects to the myocardium. In the sham group,
cardiocytes were normal
and intact, and regularly
arranged cardiac muscle
fibers were observed with
Figure 3. PF attenuation of sepsis-induced myocardial apoptoclear cross striations and
sis in rats. The apoptotic cells
normal structures (Figure
were marked by TUNEL (green),
2). In the CLP model grothe nuclei were marked by DAPI
up, there were observable
(blue). CLP, Cecal ligation and
cardiocyte edemas, signifipuncture; PF, paeoniflorin. Origicant focal hemorrhages
nal magnification × 200.
and necroses with a lot of
inflammatory cell infiltration. With 30 mg/kg PF administration, there was a
Results
small amount of cardiocyte necroses, most
fibers appeared to be arranged wavily. It sugPF alleviated myocardial injury in CLP models
gested that PF could attenuate myocardial injury. In 60 and 120 mg/kg PF groups, the myoby serum indicators
cardial injury was slightly alleviated compared
After 24 h post operation, the severity of myowith CLP group, but was more serious than 30
cardial injury in control group, sham group, CLP
mg/kg PF group. Accordingly, 30 mg/kg PF
model and PF-treated groups were evaluated
could improve pathological and inflammatory
by measuring CK-MB and cTNI levels in rat
responses.
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group, CLP model and PF-treated groups were measured
by western blot. From Figure
5, calpain-1, caspase-3, caspase-8 and Bid proteins were
increased, meanwhile, calpastatin and Bcl-2 proteins were
down-regulated in CLP models
compared with the sham groFigure 4. Effect of PF on mRNA expression of calpain and calpastatin. (A)
Effect of PF on mRNA expression of calpain; (B) Effect of PF on mRNA exup. With PF administration, capression of calpastatin; C, control group; S, sham group; M, Cecal ligation
lpain-1, caspase-3, caspase-8
and puncture model group; P3, 30 mg/kg PF group; P6, 60 mg/kg PF group;
and Bid proteins were drastiP12, 120 mg/kg PF group; PF, paeoniflorin; *, P < 0.05.
cally weakened at 30 mg/kg
PF group. It was concluded
PF alleviated myocardial apoptosis in septic
that the cell apoptosis in rat CLP model might
rats
result from the activation of calpain inducing
increase of caspase-3 and 30 mg/kg PF treatTUNEL was carried out to assess cell apoptosis
ment could remarkably inhibit apoptosis.
in control group, sham group, CLP model and
PF-treated groups, respectively. CLP models
Discussion
existed significant myocardial apoptosis in septic rats compared with the sham group (Figure
The current study made a primary research on
3). In PF treatment groups, 30 and 60 mg/kg
protective effects of PF on myocardial injury
PF group had no apoptotic cells, which was less
induced by sepsis. We constructed sepsisthan 120 mg/kg PF group. Particularly, PF
induced myocardial injury model in rats by CLP
treatment potently reduced the apoptotic index
method. Next, the degree of myocardial injury
in the 30, 60 and 120 mg/kg PF groups (verin CLP model and effects of PF were measured
sus CLP group), revealing PF possessed protecin serum, pathological and apoptotic alters.
tive effects on myocardial apoptosis in septic
CLP model had higher CK-MB and cTNI levels
rats.
than the sham group. Observable cardiocyte
edemas, significant focal necroses with a lot of
Effect of PF on mRNA expression of calpain
inflammatory cell infiltration were investigated
and calpastatin
in paraffin sections. Then, mRNA expression of
calpain was higher and calpastatin was lower in
In CLP model, mRNA expression of calpain was
CLP model than sham group. Furthermore, cell
slightly higher than sham group with no signifiapoptosis in rat CLP model might result from
cant difference (P > 0.05; Figure 4A). After low
the activation of calpain inducing increase of
concentration of PF treatment, mRNA exprescaspase-3. Low concentration of PF remarksion of calpain was significantly increased comably improved cardiac functions, decreased
pared with CLP group (P < 0.05). The effect of
inflammation responses and mitigated myocarPF on calpain was reduced in a concentrationdial apoptosis associated with sepsis. We
dependent manner. Moreover, mRNA expresfound above protective effects of PF was closesion of calpastatin was lower than sham group
ly related to calpain. Taken together, this study
(Figure 4B). After low and middle concentralays the ground for dissecting the PF-mediated
tions of PF treatment, mRNA expression of calmechanism of myocardial injury, which propastatin was significantly increased compared
vides potential targets for clinical therapy of
with CLP group (P < 0.05). Similarly, the effect
sepsis.
of PF on calpastatin was reduced in a concentration-dependent manner.

Effect of PF on calpain related apoptotic proteins
Calpain, calpastatin, caspase-3, caspase-8,
Bcl-2 and Bid proteins in control group, sham

9260

Emerging reports serve as the basis for the
treatment of PF on sepsis. Jiang et al. demonstrated that PF had anti-inflammatory effects
on sepsis and the underlying mechanism might
suppress activation of the NF-kB pathway in
RAW264.7 cells [17].
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Figure 5. Effect of PF on calpain related apoptotic proteins by western blot. C, control group; S,
sham group; M, Cecal ligation and puncture model
group; P3, 30 mg/kg PF group; P6, 60 mg/kg PF
group; P12, 120 mg/kg PF group; PF, paeoniflorin. The Western Blot results (A) and the statistical
analysis results (B and C) were represented. *represented p < 0.05 compared to S group (Sham
group). #represented p < 0.05 compared to M
group (Cecal ligation and puncture model group).

Further, the similar anti-inflammatory mechanism of inhibiting NF-kB signal transduction
was claimed in sepsis induced by bacterial lipoprotein (BLP) [18]. Zhai et al. proved that PF
could protect mice from lipopolysaccharide
(LPS)-triggered cardiac dysfunction via the activation of PI3K/Akt pathways [19]. It seems that
most previous reports with respect to PF treatment on sepsis focused on its effect on antiinflammatory responses but restraint of apoptosis. To our knowledge, the current study provided the first insight into the mechanism of PF
on calpain pathway in myocardial injury induced
by sepsis. It raised potential possibility of PF as
a promising target to sepsis treatment and
more PF research on animal and clinical experiments are wanted in the future.
Calpains have been proved to be involved in
myocardial injury and their activation leads to
cardiac injury and heart failure [16, 20]. Calpain inhibitor PD150606 restrained myocardial apoptosis caused by ischemia-reperfusion
(I/R), which inferred that calpain activation
might play an important role in the development of myocardial I/R [21]. Recently, deletion
of capns1 in cardiomyocyte reduced myocardial caspase-3 activity, causing attenuation of
myocardial dysfunction, which suggested that
calpain activation mediated lipotoxicity-induced
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cardiac injury [22]. It is well known that caspase-8, an apoptosis initiation factor, and caspase-3, the crucial executioner, are involved in
the intrinsic signaling cascade of apoptosis.
Thereby, activation of caspase-3 and caspase-8 were suggestive of biochemical hallmarks of apoptosis [23]. In addition, anti-apoptotic protein Bcl-2 and pro-apoptotic protein Bid
have considerable implications for mediating
the apoptotic response [24]. Recently, Vahidinia
et al. reported that calpain-1 was a Ca2+-dependent neutral protease which contributed to
the activation of caspase-3 [25]. Given the fact
that the attenuation of cardiac injury directly
resulted from calpain disruption [22], in our
study, we believed that PF suppressed cardiomyocyte apoptosis via attenuating activity of
calpain-1, which needs further study for clarification. Consequently, one possible apoptotic
mechanism in sepsis is CLP models contributed to calpain-1 activation. Calpain-1 mediated,
sepsis-induced the activation of caspase-8,
then causing the activation of caspase-3 in cardiomyocytes. The western-blot results pointed
to calpain-dependent reduction of Bcl-2, which
was in line with [26], demonstrating calpaindependent apoptosis by cleavage of Bcl-2.
Additionally, the expression of Bcl-2 protein
was negatively correlated with Bid, which was
consistent with the previous report [27]. Accor-
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dingly, these results illustrate a promising mode for the cell apoptosis underlying myocardial
injury induced by sepsis.
In summary, PF has a significant protective
effect in scavenging apoptosis by inhibiting
calpain pathways in CLP models. This study
reveals that PF is praised to be a novel therapeutic indicator for myocardial injury protection
and provides new insight improving limitations
and efficacy of sepsis therapy.

[7]

[8]

Acknowledgements
This study was supported by Zhejiang Province
Traditional Chinese Medicine Science and Technology Project (No. 2015ZA089).

[9]

Disclosure of conflict of interest
None.
Address correspondence to: Hui Chai, College of Life Science, Zhejiang Chinese Medical University, No.
548 Binwen Road, Hangzhou 310053, P.R. China.
Tel: +86-57-86633051; E-mail: Christychai@zcmu.
edu.cn

[10]

[11]

References
[1]

[2]

[3]

[4]

[5]

[6]

Zhang X, Dong S, Qin Y and Bian X. Protective
effect of erythropoietin against myocardial injury in rats with sepsis and its underlying
mechanisms. Mol Med Rep 2015; 11: 33173329.
Belton P, Sharngoe T, Maguire FM and Polhemus M. Cardiac infection and sepsis in 3 intravenous bath salts drug users. Clin Infect Dis
2013; 56: e102-104.
Sun B, Xiao J, Sun XB and Wu Y. Notoginsenoside R1 attenuates cardiac dysfunction in endotoxemic mice: an insight into oestrogen receptor activation and PI3K/Akt signalling. Br J
Pharmacol 2013; 168: 1758-1770.
Meziani F, Tesse A and Andriantsitohaina R.
Microparticles are vectors of paradoxical information in vascular cells including the endothelium: role in health and diseases. Pharmacol
Rep 2008; 60: 75-84.
An R, Zhao L, Xi C, Li H, Shen G, Liu H, Zhang S
and Sun L. Melatonin attenuates sepsis-induced cardiac dysfunction via a PI3K/Akt-dependent mechanism. Basic Res Cardiol 2016;
111: 8.
Koshinuma S, Miyamae M, Kaneda K, Kotani J
and Figueredo VM. Combination of necroptosis
and apoptosis inhibition enhances cardiopro-

9262

[12]

[13]

[14]

[15]

[16]

tection against myocardial ischemia-reperfusion injury. J Anesth 2014; 28: 235-241.
Senturk T, Cavun S, Avci B, Yermezler A, Serdar
Z and Savci V. Effective inhibition of cardiomyocyte apoptosis through the combination of
trimetazidine and N-acetylcysteine in a rat
model of myocardial ischemia and reperfusion
injury. Atherosclerosis 2014; 237: 760-766.
Sacca E, Pizzutti N, Corazzin M, Lippe G and
Piasentier E. Assessment of calpain and caspase systems activities during ageing of two
bovine muscles by degradation patterns of alphaII spectrin and PARP-1. Anim Sci J 2016;
87: 462-466.
Pradeep AR, Suke DK, Prasad MV, Singh SP,
Martande SS, Nagpal K, Naik SB, Guruprasad
CN, Raju AP, Singh P and Siddaya M. Expression
of key executioner of apoptosis caspase-3 in
periodontal health and disease. J Investig Clin
Dent 2016; 7: 174-179.
Dolka I, Krol M and Sapierzynski R. Evaluation
of apoptosis-associated protein (Bcl-2, Bax,
cleaved caspase-3 and p53) expression in
canine mammary tumors: an immunohistochemical and prognostic study. Res Vet Sci
2016; 105: 124-133.
Amar SK, Goyal S, Dubey D, Srivastav AK,
Chopra D, Singh J, Shankar J, Chaturvedi RK
and Ray RS. Benzophenone 1 induced photogenotoxicity and apoptosis via release of cytochrome c and Smac/DIABLO at environmental UV radiation. Toxicol Lett 2015; 239: 182193.
Chen CR, Sun Y, Luo YJ, Zhao X, Chen JF,
Yanagawa Y, Qu WM and Huang ZL. Paeoniflorin
promotes non-rapid eye movement sleep via
adenosine A1 receptors. J Pharmacol Exp Ther
2016; 356: 64-73.
Chen X, Liu C, Lu Y, Yang Z, Lv Z, Xu Q, Pan Q
and Lu L. Paeoniflorin regulates macrophage
activation in dimethylnitrosamine-induced liver
fibrosis in rats. BMC Complement Altern Med
2012; 12: 254.
Chen T, Fu LX, Zhang LW, Yin B, Zhou PM, Cao
N and Lu YH. Paeoniflorin suppresses inflammatory response in imiquimod-induced psoriasis-like mice and peripheral blood mononuclear cells (PBMCs) from psoriasis patients. Can J
Physiol Pharmacol 2016; 94: 888-894.
Wang K, Zhu L, Zhu X, Zhang K, Huang B,
Zhang J, Zhang Y, Zhu L, Zhou B and Zhou F.
Protective effect of paeoniflorin on Abeta2535-induced SH-SY5Y cell injury by preventing
mitochondrial dysfunction. Cell Mol Neurobiol
2014; 34: 227-234.
Li JZ, Yu SY, Wu JH, Shao QR and Dong XM.
Paeoniflorin protects myocardial cell from
doxorubicin-induced apoptosis through inhibi-

Int J Clin Exp Med 2018;11(9):9256-9263

Paeoniflorin protects myocardial injury

[17]

[18]

[19]

[20]

[21]

[22]

[23]

tion of NADPH oxidase. Can J Physiol Pharmacol
2012; 90: 1569-1575.
Jiang WL, Chen XG, Zhu HB, Gao YB, Tian JW
and Fu FH. Paeoniflorin inhibits systemic inflammation and improves survival in experimental sepsis. Basic Clin Pharmacol Toxicol
2009; 105: 64-71.
Zhang Q, Zhou J, Huang M, Bi L and Zhou S.
Paeoniflorin reduced BLP-induced inflammatory response by inhibiting the NF-kappaB signal transduction in pathway THP-1 cells. Cent
Eur J Immunol 2014; 39: 461-467.
Zhai J and Guo Y. Paeoniflorin attenuates cardiac dysfunction in endotoxemic mice via the
inhibition of nuclear factor-kappaB. Biomed
Pharmacother 2016; 80: 200-206.
Letavernier E, Zafrani L, Perez J, Letavernier B,
Haymann JP and Baud L. The role of calpains
in myocardial remodelling and heart failure.
Cardiovasc Res 2012; 96: 38-45.
Qin SL, Wang RR, Xu HW and Luo NF. [Apoptosis
inhibition of capsaicin on myocardial ischemiareperfusion injury in rats]. Sichuan Da Xue Xue
Bao Yi Xue Ban 2011; 42: 218-221.
Li S, Zhang L, Ni R, Cao T, Zheng D, Xiong S,
Greer PA, Fan GC and Peng T. Disruption of calpain reduces lipotoxicity-induced cardiac injury
by preventing endoplasmic reticulum stress.
Biochim Biophys Acta 2016; 1862: 20232033.
Liu C, Kang Y, Zhou X, Yang Z, Gu J and Han C.
Rhizoma smilacis glabrae protects rats with
gentamicin-induced kidney injury from oxidative stress-induced apoptosis by inhibiting
caspase-3 activation. J Ethnopharmacol 2017;
198: 122-130.

9263

[24] Ebrahimzadeh Bideskan A, Mohammadipour
A, Fazel A, Haghir H, Rafatpanah H, Hosseini M
and Rajabzadeh A. Maternal exposure to titanium dioxide nanoparticles during pregnancy
and lactation alters offspring hippocampal
mRNA BAX and Bcl-2 levels, induces apoptosis
and decreases neurogenesis. Exp Toxicol
Pathol 2017; 69: 329-337.
[25] Vahidinia Z, Alipour N, Atlasi MA, Naderian H,
Beyer C and Azami Tameh A. Gonadal steroids
block the calpain-1-dependent intrinsic pathway of apoptosis in an experimental rat stroke
model. Neurol Res 2017; 39: 54-64.
[26] Zhu C, Hallin U, Ozaki Y, Grander R, Gatzinsky
K, Bahr BA, Karlsson JO, Shibasaki F, Hagberg
H and Blomgren K. Nuclear translocation and
calpain-dependent reduction of Bcl-2 after
neonatal cerebral hypoxia-ischemia. Brain
Behav Immun 2010; 24: 822-830.
[27] Dumay A, Laulier C, Bertrand P, Saintigny Y,
Lebrun F, Vayssiere JL and Lopez BS. Bax and
Bid, two proapoptotic Bcl-2 family members,
inhibit homologous recombination, independently of apoptosis regulation. Oncogene
2006; 25: 3196-3205.

Int J Clin Exp Med 2018;11(9):9256-9263

