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ARTICLE INFO ABSTRACT

Edited by Dr. A.M. Tsatsaka Oxidative stress is considered to be one of main pathophysiological mechanisms in myocardial ischemia/
reperfusion (I/R) injury. Lycium barbarum polysaccharides (LBP), the main ingredient of Lycium barbarum, have
potential antioxidant activity. We aimed to investigate the effects of LBP on myocardial I/R injury and explore
the underlying mechanisms. Myocardial I/R group was treated with or without LBP to evaluate oxidative stress
markers and the role of Nrf2 signal pathway. Our results showed that I/R increased infarct size and the activities
of creatine kinase (CK) and lactate dehydrogenase (LDH) when compared with control group. Meanwhile, the
levels of reactive oxygen species (ROS), malondialdehyde (MDA), interleukin-6 (IL-6) and tumor necrosis factor-
o (TNF-a) were enhanced and the activities of superoxide dismutase (SOD), glutathione peroxidase (GPX) and
catalase (CAT) were decreased. These changes were associated with a significant increase in myocardial
apoptosis, ultimately leading to cardiac dysfunction. LBP reduced infarct size (38.4 + 2 % versus 19.4 + 1.8 %, p
< 0.05), CK and LDH activities and myocardial apoptotic index. Meanwhile, LBP suppressed the production of
ROS and restored redox status. Additionally, LBP increased protein level of nuclear Nrf2 in vivo (2.1 + 0.3 versus
3.8 £ 0.4, p < 0.05) and in vitro (1.9 £ 0.2 versus 3.8 £ 0.1, p < 0.05) and subsequently upregulated heme
oxygenase 1 and NADPH dehydrogenase quinone 1 compared to I/R group. Interestingly, Nrf2 siRNA abolished
the protective effects of LBP. LBP suppressed oxidative stress damage and attenuated cardiac dysfunction induced
by I/R via activation of the Nrf2 antioxidant signal pathway.
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1. Introduction injury, ultimately leading to continuous deteriorated cardiac function

[2-4]. Therefore, inhibition of myocardial ischemia/reperfusion (I/R)

Myocardial ischemia induced by blood occlusion results in a variety
of myocardial impairments and progressive cardiac dysfunction, which
is one of the major causes of death associated with significant morbidity
and disability worldwide [1]. Although the use of percutaneous coro-
nary intervention and thrombolytic therapy have reduced the infarct
area, the process of restoring blood supply to the ischemic myocardium,
which is known as reperfusion, may be further deleterious to myocardial

damage may provide treatment strategies for patients with ischemia
heart disease.

The process of myocardial I/R injury is complex and may involve
multiple mechanisms [5]. Previous studies have shown that oxidative
stress, involved in the whole process of I/R, is considered to be one of
main pathogenic mechanisms, leading to myocardial irreversible injury
and cardiac dysfunction [6,7]. Liu et al. found that oxidative stress
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characterized with the overproduction of reactive oxygen species (ROS)
and insufficient or ineffective supply of antioxidant system aggravated
myocardial damage and resulted in cardiac dysfunction [8,9]. There-
fore, inhibiting myocardial oxidative stress via some related signal
transduction pathway may serve as an attractive strategy for treatment
with cardiac dysfunction induced by I/R.

Growing evidences have shown that the Kelch-like ECH-associated
protein 1 (Keapl)/nuclear factor erythroid 2-related factor 2 (Nrf2)-
signal pathway plays crucial roles in oxidative stress related cardio-
vascular disease by regulating heme oxygenase 1 (HO1) and NADPH
dehydrogenase quinone 1 (NQO1) [10,11]. Nrf2 is inhibited by binding
with Keapl in cytoplasm under physiological state. Once intracellular
ROS level increased, Nrf2 dissociated from Keapl, rapidly translocated
to the nucleus. Nrf2 combined with the anti-oxidant response element to
initiate the transcription of endogenous antioxidative genes and anti-
oxidative enzymes subsequently, which resisted oxidative stress injury
and preserved cellular homeostasis [12,13]. Xiao et al. found that acti-
vation of the Nrf2 antioxidation pathway reduced the level of ROS and
attenuated I/R damage [14]. On the contrary, inhibition of the Nrf2
signal pathway by genetic modifications enhanced the production of
ROS and aggravated oxidative stress injury [15]. Herein, activation of
the Nrf2 antioxidation pathway by some medicines may serve as treat-
ment options in patients with myocardial oxidative stress related I/R
injury.

A number of clinical and preclinical researches have shown that
Lycium barbarum polysaccharides (LBP), a traditional Chinese herbal
medicine, extracted from the fruits of Lycium barbarum (goji, wolfberry,
Fructus lycii), which have pleiotropic biological and pharmacological
protective effects against various of diseases for thousands of years [16,
17]. Previous study showed that LBP attenuated alcoholic liver injury by
inhibiting apoptosis in female mice [18]. Hong et al. found that LBP
improved lung function by reducing inflammation in hyperoxic lung
injury animal model [19]. Po et al. found that LBP, as one of potential
free radicals scavenging, played an important role in counteracting
oxidative free radicals and protected against the tests from
high-temperature injury [20]. Meanwhile, LBP reduced hydrogen
peroxide-induced oxidative stress injury in human trophoblast
HTR8/SVneo cells by improving antioxidant activity [21]. Recently
studies further demonstrated that LBP also exerted anti-oxidative effect
in experimental animal model via antioxidant pathway [22,23]. It is
therefore conceivable that LBP can be used as a potential therapeutic
option for preventing oxidative stress related myocardial injury induced
by I/R via downstream signal pathway.

Therefore, the present study aimed to identify the effect of LBP on
myocardial I/R injury and further investigate whether the protective
effect of LBP was related to the reduction of oxidative stress via acti-
vation of the Nrf2 antioxidative pathway.

2. Materials and methods
2.1. Animals

Eight-week-old male Sprague-Dawley rats (weight 200 + 20 g, n =
30) were obtained from the Experimental Animal Centre of Xi’an Jiao
Tong University. The protocol of animals’ experiments described below
was approved by the Ethics Committee of Xi’an Jiao Tong University
and performed in strict accordance with the recommendations in the
Guide for the Care and Use of Laboratory Animals, published by the
National Institutes of Health (NIH Publications No. 85-23, revised 1996)

2.2. I/R model establishment and LBP administration

The I/R injury model was constructed as previously described [24].
Briefly, rats were anesthetized using 1.5-2 % isoflurane. After opening
the chest, the left anterior descending coronary artery was occlusion
(8—0 silk suture) to induce myocardial ischemia for 30 min, followed by
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2 h reperfusion by loosening the ligature (I/R, n = 10). The sham group
represented control group, which was subjected to the same operations
except ligation (Sham, n = 10). I/R rats were pretreated with LBP (100
mg/kg/day, Ningxia Qiyuan Pharmaceutical Co., Ltd, Ningxia, China)
dissolved in PBS once a day for 7 days before successful establishment of
the rat model with I/R (I/R + LBP, n = 10).

2.3. Hemodynamic parameters analysis

After treatment, hemodynamic parameters were recorded and
analyzed using the PowerLab data acquisition system (Powerlab/4SP;
AD Instruments). In brief, the right common carotid was isolated and a
heparin-filled polyethylene catheter was introduced into the left
ventricle to record hemodynamic parameters (heart rate—HR, mean
arterial pressure—MAP, left ventricular systolic pressure—LVSP, left
ventricular end-diastolic pressure—LVEDP, the maximum slope of sys-
tolic and diastolic pressure decrements—+dp/dt and —dp/dt).

2.4. Assessment of myocardial infarction

At the end of experiments, rats were euthanized by exsanguination.
Serum was collected by centrifugation at 5000 g for 10 min. The entire
heart was harvested and washed with cold PBS. Myocardial slices (2
mm) were incubated in 5 % 2, 3, 5-triphenyltetrazolium chloride (TTC)
at 37°C for 30 min and then transferred into 10 % formalin at 4°C for 48
h. The myocardial infarction size was defined as TTC stained area (white
area).

2.5. Cell culture and treatment

H9c2 embryonic rat-derived cell line (American Type Culture
Collection Manassas, VA, USA) was used to further identify the possible
mechanism in the present study in vitro. They were cultured in Dulbec-
co’s modified Eagle’s medium (DMEM) containing 10 % fetal bovine
serum (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA),
penicillin (100U/mL) and streptomycin (100 mg/mL) at 37 °C with 95%
0,-5%C0,. Hypoxia/reoxygenation (H/R) injury was performed as
previously described [25]. Briefly, H9c2 cells were incubated with a
modified ischemia-mimetic solution to induce ischemia at 37°C for 8 h.
Subsequently, H9c2 cells described above were removed from the
modified ischemia-mimetic solution to a normoxic incubator with
DMEM for reoxygenation (4, 8, 12, 16 h).

2.6. Nrf2 silencing by siRNA

H9c2 cells were seeded into 6-well culture plates and allowed to
grow to 70 % confluence prior to transfection. According to the manu-
facturer’s instruction (Micropoly Biotech, Nantong, China), Nrf2 siRNA
and a non-silencing scrambled siRNA were used to knock down Nrf2 and
as a negative control, respectively. The specific sequences of Nrf2 siRNA
were: sense, 5'-GAGGAUGGGAAACCUUACUTT-3' and antisense, 5'-
AGUAAGGUUUCCCAUCCUCTT-3'. The sequences of the scramble
siRNA were: sense, 5'-UUCUCCGAACGUGUCACGUTT-3' and antisense,
5'-ACGUGACACGUUCGGAGAATT-3'. After transfection for 48 h, H9¢c2
cells were used for further experiments.

2.7. Cell viability assay

HO9c2 cells were seed in 96-well plates and exposed to 20 pl MTT (5
mg/mL; Sigma-Aldrich) at 37 °C for 4 h and co-culture with 150 pl
dimethyl sulfoxide. The absorbance values were measured at 570 nm
using a microplate spectrophotometer (Beyotime Institute of Biotech-
nology, Jiangsu, China). Cell viability was represented as the percent of
control.
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2.8. Evaluating I/R injury enzyme

The activities of creatine kinase (CK) and lactate dehydrogenase
(LDH) in serum and cell supernatant were analyzed using enzyme ac-
tivity detection kits according to manufacturer’s instructions (NanJing
Jiancheng Biological Technology, NanJing, China). Briefly, CK and LDH
activities were evaluated by means of quantitative inorganic phosphorus
and dinitrophenylhydrazone via colorimetry, respectively. The levels of
interleukin-6 (IL-6) and tumor necrosis factor-o (TNF-a) were deter-
mined by enzyme-linked immunosorbent assay according to the manu-
facturer’s protocols (R&D Systems, Inc., Minneapolis, USA). CK, LDH,
TNF-a and IL-6 levels were evaluated by a microplate spectrophotom-
eter (Beyotime Institute of Biotechnology, Jiangsu, China).

2.9. Assessment of oxidative stress

ROS level in myocardial tissue was measured and analyzed with the
fluorescent dye, dihydroethidium (DHE; Beyotime Institute of Biotech-
nology, Nanjing, China) according to manufacturer’s instructions. In
brief, 5-pm fresh frozen sections from the heart were incubated in DHE
at 37°C for 30 min and observed by fluorescence microscopy (Olympus,
IX71, Olympus Co., Tokyo, Japan). The level of ROS in H9c2 cells was
determined by using 2, 7-dichlorodihydrofluorescein diacetate (DCHF-
DA) probes (Sigma Aldrich, St. Louis, MO, USA) Briefly, H9c2 cells were
incubated in DCHF-DA probes (10 pM) at 37°C for 20 min and observed
by fluorescence microscopy (Olympus). The relative fluorescence in-
tensity of ROS was analyzed by image pro plus 6.0 (Media Cybernetics,
Silver Spring, MD, USA).

The levels of malondialdehyde (MDA), superoxide dismutase (SOD),
glutathione peroxidase (GPX) and catalase (CAT) in serum and cell su-
pernatant were analyzed by a microplate spectrophotometer according
to the manufacturer’s protocol (Beyotime Institute of Biotechnology,
Nanjing, China). Briefly, CAT, SOD and GPX activities were evaluated by
measuring N-(4-antipyryl)-3-chloro-5-sulfonate-p-benzoquinonemonoi-
mine, the production of WST-8 and NADPH via colorimetry, respec-
tively. Meanwhile, MDA level was evaluated by testing MDA-TBA via
colorimetry.

2.10. Assessment of apoptosis

Apoptosis in myocardial tissues and H9c2 cells was detected by
Terminal deoxynucleotidyl transferase (TdT) dUTP Nick-End Labeling
(TUNEL) staining kit according to the manufacturer’s instruction
(Chemicon International, Temecula, CA, USA). Nuclear in myocardial
tissues and H9c2 cells were stained by DAPI and PI, respectively. The
percentage of apoptosis was observed and calculated by fluorescence
microscopy (Olympus) and image pro plus 6.0 (Media Cybernetics),
respectively.

2.11. Western blotting

Protein samples were separated by 10 % SDS-PAGE and transferred
to a PVDF membrane (Millipore, Billerica, MA, USA). The membrane
was blocking with Tris-buffered saline containing 0.1 % Tween (TBST)
and 5 % bovine serum albumin (BSA) for 1 h, and then the membrane
was incubated with primary antibody overnight at 4 °C. Primary anti-
bodies (cytosolic Nrf2, nuclear Nrf2, NQOI, HO1, Histone 3 (H3) and
GAPDH) (all from Abcam, Cambridge, UK) were used. The protein levels
were quantified by image pro plus 6.0 (Media Cybernetics).

2.12. Nuclear translocation of Nrf2 by immunofluorescence analysis

Localization of Nrf2 was analyzed using immunofluorescence anal-
ysis. The cell slides were stained with PI kit (Invitrogen) and incubated
with rabbit anti-Nrf2 diluted in 0.01 % PBST containing 1% BSA over
night at 4°C. Then, the slides were incubated with the secondary
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antibody (Alexa Fluor ® 594, Molecular Probe, Eugene, OR, USA) for 1 h
at room temperature and observed with fluorescence microscopy
(Olympus). The relative fluorescence intensity was analyzed using
image pro plus 6.0 (Media Cybernetics).

2.13. Statistical analysis

The results are expressed as means + standard deviation. Compari-
sons between groups were analyzed using one-way ANVOA with Tur-
key’s multiple as post hoc analysis. A p value < 0.05 was considered
statically significant. All data analyses were performed with SPSS 19.0
(Lead Technologies, Chicago, Illinois).

3. Results
3.1. LBP protected against myocardial I/R injury

Myocardial infarct area was evaluated by TTC stain (Fig. 1A, B).
There was a significant difference in infarct area between I/R group and
I/R + LBP group. Interestingly, the protective effect of LBP on the
myocardial infarct area almost parallels those changes of the activity of
CK and LDH. Fig. 1C, D showed that the serum CK and LDH levels were
increased significantly in I/R group compared with sham group, while
LBP decreased the levels of serum LDH and CK.

We also monitored hemodynamic parameters and found that HR and
MAP were markedly decreased in I/R group, and treatment with LBP
had a significant effect on MAP and HR (Fig. 1E, F). Compared with
sham group, LVSP and + dp/dt significantly decreased, but LVEDP
increased in I/R group (Fig. 1G, H). Treatment with LBP reversed these
hemodynamic parameters changes. These results indicated that I/R
injury led to severe cardiac dysfunction and LBP administration atten-
uated myocardial injury and improved cardiac function.

3.2. LBP inhibited myocardial oxidative stress damage

Oxidative stress is one of the major pathogenic mechanisms of
myocardial I/R damage. The levels of oxidative stress-related markers
were measured in the present study. The production of ROS and the
levels of MDA, IL-6 and TNF-a were significantly increased when
compared to sham group, which was associated with a marked decrease
in the activities of SOD, GPX and CAT (Fig. 2A-F, I, J). Treatment with
LBP decreased the levels of ROS, TNF-a and IL-6 accompanied with an
increase in SOD, GPX and CAT activities, and alleviated myocardial
oxidative stress damage. Moreover, we also found that I/R injury caused
myocardial apoptosis in I/R group compared with sham group, while
pretreatment with LBP decreased the percentage of TUNEL-positive cells
in I/R + LBP group (Fig. 2G, H). These results suggested that LBP
inhibited myocardial oxidative stress damage by reducing ROS levels
and restoring the balance between oxidants enzymes and antioxidants.

3.3. LBP treatment activated the Nrf2 antioxidant signaling pathway

Nrf2 mediated antioxidant signal pathway against oxidative stress.
The levels of cytosolic Nrf2, nuclear Nrf2, HO1 and NQO1 were evalu-
ated by western blot. The Nrf2 antioxidant signal pathway was impaired
in I/R group (Fig. 3A-E). Pretreatment with LBP increased cytosolic
Nrf2, nuclear Nrf2, HO1 and NQO1 expression in myocardial tissue
subjected to I/R. The abovementioned results indicated that LBP exerted
protective effect by against oxidative stress via activation of the Nrf2
signal transduction pathway.

3.4. Pretreatment with LBP ameliorated hypoxia/reoxygenation (H/R)-
induced oxidative stress damage in H9c2 cells

After 8 h hypoxia, there was a significant decreased in cell viability
followed by 4 h reoxygenation in H9c2 cells (Fig. 4A). Therefore, the
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Fig. 1. Pretreatment with LBP
reduced myocardial I/R injury. (A)
Representative images of the infarct
size in all groups. (B) Quantitative
analysis of the myocardial infarct size.
(C, D) Quantitative analysis of serum
creatine kinase (CK) and lactate de-
hydrogenase (LDH) activity. (E-H)
Hemodynamic parameters (HR, heart
rate; MAP, mean arterial pressure;
LVSP, left ventricular systolic pres-
sure; LVEDP, left ventricular end-
diastolic pressure; +dp/dt and —dp/
dt, the maximum slope of systolic and
diastolic pressure decrements) in all
rats. Data are Means + SD (n = 10). *P
< 0.05, **P < 0.01 versus sham
group, P < 0.05 versus I/R group.
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Fig. 2. LBP inhibited myocardial oxidative stress damage in I/R group. (A) Representative images using dihydroethidium (DHE) staining in myocardial tissue;
scale bar =25 pm. (B) Relative fluorescence intensity of reactive oxygen species (ROS). (C-F) Malondialdehyde (MDA), superoxide dismutase (SOD), glutathione
peroxidase (GPX) and catalase (CAT) levels in serum from all rats. (G) Representative images by propidium iodide/Annexin V staining; White triangle represents
TUNEL-positive cells. (H) Quantification of the percentage of apoptosis in myocardial tissue; scale bar =50 pm. (I, J) Tumor necrosis factor-a (TNF-a) and interleukin-
6 (IL-6) levels in myocardial tissue in all rats. Data are Means + SD (n = 10). *P < 0.05, **P < 0.01 versus sham group, #p < 0.05 versus I/R group.

model of H/R was established by 8 h hypoxia followed by 4 h reox-
ygenation in the next experiments. H9c2 cells were pretreated by
different doses of LBP (100 pg/mL-500 pg/mL) (Fig. 4B). 100, 200 and
300 pg/mL of LBP had no effects on H9¢2 cells viability, but 400 and 500
pg/mL of LBP significantly decreased H9c2 cells viability. So, 300 pg/mL
of LBP was used in the following experiments. Consistent with in vivo
study, we found that H/R reduced cell viability and increased the levels
of LDH and CK in H9c2 cells (Fig. 4A-E), which was associated with a
significantly enhanced oxidative stress-related markers and apoptosis as
evidenced by the increased ROS, MDA, TNF-a and IL-6 levels and
apoptotic index, as well as the reduced SOD, GPX and CAT activities
(Fig. 5A-J). Pretreatment with LBP suppressed oxidative stress damage
by reducing ROS level and restoring the balance between oxidants
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enzymes and antioxidants in H9c2 cells.

3.5. Activation of Nrf2 is essential in mediating the protective effect of
LBP in H9c2 cells exposed to H/R

To further explore the potential mechanisms of LBP on myocardial
H/R injury, the Nrf2 signal pathway related proteins were measured in
vitro study. We also found that H/R impaired Nrf2 antioxidant signal
pathway and LBP enhanced the activation of Nrf2 antioxidant signal
pathway (Fig. 6A-G). To test whether or not LBP reduces oxidative
stress-induced cardiomyocyte injury via activating Nrf2 antioxidant
signal pathway, we reinvestigated the effect of LBP on H/R-mediating
cardiomyocyte injury in Nrf2 deficient H9c2 cells. As shown in Fig. 7,
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Nrf2 siRNA abolished the protective effects of LBP on H9c2 cells evi-
denced by the decreased Nrf2 pathway activation and increased oxida-
tive stress-induced cardiomyocyte injury. These results indicated that
LBP exerted cardioprotective effects by reducing oxidative stress dam-
age induced by H/R via Nrf2 antioxidant pathway.
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4. Discussion

In the present study, we measured cardiac function, detected
oxidative stress related markers and explored the activation of Nrf2
signal pathway to identify the effect of LBP treatment on myocardial I/R
rats. The main findings of this study are summarized as follows: i) I/R
triggered myocardial oxidative stress as evidenced by the
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0.05, **P < 0.01 versus Con group, P < 0.05 versus H/R group.

overproduction of ROS, the increased MDA, TNF-a and IL-6 levels and
the percentage of myocardial apoptosis as well as the reduced SOD, GPX
and CAT activities, which were associated with the impairment of Nrf2
signal pathway, ultimately resulted in continuous deteriorated cardiac
function; ii) LBP, a traditional Chinese herbal medicine, attenuated the
aforementioned oxidative stress related injury and improved cardiac
function in I/R rats; iii) LBP attenuated myocardial oxidative stress via
the activation of Nrf2 antioxidant signal pathway. Thus, our findings
indicated that the therapeutic potential of LBP in preventing the
development of I/R.

Myocardial I/R injury refers to insufficient myocardial blood supply
in a short period of time with restored blood flow to the ischemic
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myocardium after a certain amount of time, which leads to additional
damage to myocardium and further cardiac dysfunction [26]. Many
western medicines and Chinese herbal medicines that have important
cardioprotective potentials are widely used for treatment with I/R injury
[27-30]. Although western medicines have prominent protective effects
in cardiac function in a short period, long-term treatment with them
leads to several serious side effects which cannot be ignored. Sometimes,
the traditional Chinese herb with multiple pharmacological effects may
become a novel approach to treatment of certain diseases. LBP, a
member of the Solanaceae, is the major active ingredient extracted from
Lycium barbarum and contains 6 monosaccharides, galactose, rhamnose,
glucose, mannose, arabinose, xylose and 18 different amino acids, and
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exerts a large variety of beneficial effects, such as immunomodulation,
anti-inflammation and anti-aging [31]. Recently study further demon-
strated that LBP attenuated cardiac hypertrophy and improved cardiac
function in diabetic rats [32]. Accordingly, we speculated that LBP
might play important cardioprotective roles in myocardial I/R rats by
inhibiting oxidative stress. In the present study, we showed that treat-
ment with LBP reduced I/R triggered severe myocardial infarct size and
the leakage of serum LDH and CK from myocardial tissue, ultimately
improving cardiac function and hemodynamics in I/R rats. The results of
the aforementioned studies and the present study indicated that the
protective effects of LBP on cardiac function might be partly associated
with the inhibition of I/R-mediated myocardial injury and improved
cardiac function.

Oxidative stress is involved in the pathogenesis of myocardial I/R
injury [33]. The overproduction of ROS directly initiates spontaneous
and self-propagating radical reactions with biomolecules that impair
cardiac function. On the other hand, the excessive ROS production is
also accompanied with the increased in oxidants and the decrease in
endogenous antioxidative defense in I/R subjects, ultimately
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aggravating myocardial injury [34]. Inhibiting oxidative stress may
become one of efficient treatment options for preventing myocardial I/R
injury [35,36]. In the present study, we found that the overproduction of
ROS, the increased MDA, TNF-a and IL-6 levels and the percentage of
myocardial apoptosis as well as the reduced SOD, GPX and CAT activ-
ities were presented in I/R or H/R group. While pretreatment with LBP
significantly reduced myocardial oxidative stress damage. Our results
suggested that LBP reduced myocardial oxidative stress damage by
restoring the balance between of redox status and suppressing oxidative
stress.

There are increasing evidences from preclinical studies, suggesting
that the Nrf2 antioxidant signal pathway is likely to be one of the most
crucial cellular adaptive responses against oxidative stress and maintain
cellular redox homeostasis in myocardial I/R injury [37,38]. Under
physiological conditions, Nrf2, combination with Keapl, is in an inac-
tivated state in the cytosol. When cells are stimulated with pathological
stress, Nrf2 is released from Keapl, transferred to nucleus to bind the
anti-oxidant response element, and promote the transcription and
expression of HO1 and NQO1 [39,40]. Recently study showed that the
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highest lipoteichoic acid induced oxidative stress injury, which was
associated with the increased mRNA levels of Nrf2 in H9¢2 cells [41]. Li
et al. further found that activation of Nrf2 signaling pathway alleviated
myocardial I/R injury by reducing myocardial oxidative stress [42].
Consistent with those studies, our results showed that the Nrf2 signal
pathway was impaired under the oxidative stress condition. Treatment
with LBP increased Nrf2 expression, upregulated the levels of HO1 and
NQO1, suppressed myocardial oxidative stress and improved cardiac
function. However, Nrf2 siRNA abolished these protective benefits of
LBP on myocardial I/R injury. Therefore, our results indicated that the
Nrf2 antioxidant signal pathway might, at least partly, be responsible for
the cardioprotective effects of LBP. Additionally, LBP provides multiple
biological and pharmacological beneficial functions by inhibiting
inflammation and Ca?" overload and accumulating neovascularization
in various disease conditions [43,44]. Based on its pleiotropic biological
effects, it is conceivable that LBP may become a novel candidate for the
prevention and treatment of myocardial I/R injury via
multiple-targeting capacities and protective mechanisms.

5. Conclusions

In conclusion, we found that I/R injury mediated cardiac dysfunction
by initiating oxidative stress. Treatment with LBP reduced myocardial
oxidative stress and exerted protective effects in rats with myocardial I/
R injury, which was partly dependent on the activation of Nrf2 antiox-
idant signal pathway. LBP may serve as a potential therapeutic strategy
to treat oxidative stress related-myocardial I/R damage and prevent
cardiovascular disease.

Authors’ contributions

JJL and YL conceived the study. GXZ, ZW and LLH performed
research. JNX collected the samples. BCN analyzed data. AIZ wrote the
manuscript. LS revised the manuscript.

Funding

This work was supported by National Natural Science Foundation of
China (NO. 82071670, 82000284, 81771616, 81471471), Key Science
and Technology Program of Shaanxi Province, China NO. 2016KW-006.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1] B.K. Nallamothu, S.L. Normand, Y. Wang, T.P. Hofer, J.J. Brush, J.C. Messenger, et
al., Relation between door-to-balloon times and mortality after primary
percutaneous coronary intervention over time: a retrospective study [Journal
Article; Research Support, N.I.H., Extramural], Lancet 385 (9973) (2015)
1114-1122, eng.

H.S. Bawaskar, P.H. Bawaskar, P.H. Bawaskar, Preintensive care: thrombolytic
(streptokinase or tenecteplase) in ST elevated acute myocardial infarction at
peripheral hospital [Journal Article], J. Family Med. Prim. Care 8 (1) (2019)
62-71, eng.

J.A. Valle, L. Graham, A. DeRussy, K. Itani, M.T. Hawn, T.M. Maddox, Triple
antithrombotic therapy and outcomes in Post-PCI patients undergoing non-cardiac
surgery [Journal Article], World J. Surg. 41 (2) (2017) 423-432, eng.

J. Ding, Z. Yang, H. Ma, H. Zhang, Mitochondrial aldehyde dehydrogenase in
myocardial ischemic and ischemia-reperfusion injury [Journal Article; Review],
Adv. Exp. Med. Biol. 1193 (2019) 107-120, eng.

S.M. Davidson, P. Ferdinandy, I. Andreadou, H.E. Botker, G. Heusch, B. Ibanez, et
al., Multitarget strategies to reduce myocardial ischemia/reperfusion injury: JACC
review topic of the week [Journal Article; Research Support, Non-U.S. Gov't;
Review], J. Am. Coll. Cardiol. 73 (1) (2019) 89-99, eng.

S. Cadenas, ROS and redox signaling in myocardial ischemia-reperfusion injury and
cardioprotection [Journal Article; Research Support, Non-U.S. Gov't; Review], Free
Radic. Biol. Med. 117 (2018) 76-89, eng.

[2]

[3]

[4]

[5]

(6]

666

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Toxicology Reports 8 (2021) 657-667

B. Kura, B.B. Szeiffova, B. Kalocayova, M. Sykora, J. Slezak, Oxidative stress-
responsive MicroRNAs in heart injury [Journal Article; Review], Int. J. Mol. Sci. 21
(1) (2020) eng.

S. Liu, Y. He, J. Shi, L. Liu, H. Ma, L. He, et al., Allicin attenuates myocardial
ischemia reperfusion injury in rats by inhibition of inflammation and oxidative
stress [Journal Article], Transplant. Proc. 51 (6) (2019) 2060-2065, eng.

L. Cheng, Z. Jin, R. Zhao, K. Ren, C. Deng, S. Yu, Resveratrol attenuates
inflammation and oxidative stress induced by myocardial ischemia-reperfusion
injury: role of Nrf2/ARE pathway [Journal Article], Int. J. Clin. Exp. Med. 8 (7)
(2015) 10420-10428, eng.

L. Li, T. Liu, L. Liu, S. Li, Z. Zhang, R. Zhang, et al., Effect of hydrogen-rich water on
the Nrf2/ARE signaling pathway in rats with myocardial ischemia-reperfusion
injury [Journal Article], J. Bioenerg. Biomembr. 51 (6) (2019) 393-402, eng.

Y. Lu, C.F. Li, N.N. Ping, Y.Y. Sun, Z. Wang, G.X. Zhao, et al., Hydrogen-rich water
alleviates cyclosporine A-induced nephrotoxicity via the Keapl/Nrf2 signaling
pathway [Journal Article], J. Biochem. Mol. Toxicol. (2020), e22467 eng.

Y. Shen, X. Liu, J. Shi, X. Wu, Involvement of Nrf2 in myocardial ischemia and
reperfusion injury [Journal Article; Review], Int. J. Biol. Macromol. 125 (2019)
496-502, eng.

S. Deng, K. Essandoh, X. Wang, Y. Li, W. Huang, J. Chen, et al., Tsg101 positively
regulates P62-Keap1-Nrf2 pathway to protect hearts against oxidative damage
[Journal Article], Redox Biol. (2020), 101453 eng.

C. Xiao, M.L. Xia, J. Wang, X.R. Zhou, Y.Y. Lou, L.H. Tang, et al., Luteolin
attenuates cardiac ischemia/reperfusion injury in diabetic rats by modulating Nrf2
antioxidative function [Journal Article], Oxid. Med. Cell. Longev. 2019 (2019),
2719252 eng.

M. Yamamoto, T.W. Kensler, H. Motohashi, The KEAP1-NRF2 system: a thiol-based
sensor-effector apparatus for maintaining redox homeostasis [Journal Article;
Research Support, Non-U.S. Gov't; Review], Physiol. Rev. 98 (3) (2018)
1169-1203, eng.

R.C. Chang, K.F. So, Use of anti-aging herbal medicine, Lycium barbarum, against
aging-associated diseases. What do we know so far? [Journal Article; Research
Support, Non-U.S. Gov’t; Review], Cell. Mol. Neurobiol. 28 (5) (2008) 643-652,
eng.

H.L. Tang, C. Chen, S.K. Wang, G.J. Sun, Biochemical analysis and hypoglycemic
activity of a polysaccharide isolated from the fruit of Lycium barbarum L [Journal
Article; Research Support, Non-U.S. Gov’t], Int. J. Biol. Macromol. 77 (2015)
235-242, eng.

F. Wang, G.L. Tipoe, C. Yang, A.A. Nanji, X. Hao, K.F. So, et al., Lycium barbarum
polysaccharide supplementation improves alcoholic liver injury in female mice by
inhibiting stearoyl-CoA desaturase 1 [Journal Article; Research Support, Non-U.S.
Gov’t], Mol. Nutr. Food Res. 62 (13) (2018), e1800144 eng.

C.Y. Hong, H.D. Zhang, X.Y. Liu, Y. Xu, Attenuation of hyperoxic acute lung injury
by Lycium barbarum polysaccharide via inhibiting NLRP3 inflammasome [Journal
Article], Arch. Pharm. Res. 42 (10) (2019) 902-908, eng.

K.K. Po, J.W. Leung, J.N. Chan, T.K. Fung, D.I. Sanchez-Vidana, E.L. Sin, et al.,
Protective effect of Lycium barbarum polysaccharides on dextromethorphan-
induced mood impairment and neurogenesis suppression [Journal Article], Brain
Res. Bull. 134 (2017) 10-17, eng.

J. Li, Z. Ding, Y. Yang, B. Mao, Y. Wang, X. Xu, Lycium barbarum polysaccharides
protect human trophoblast HTR8/SVneo cells from hydrogen peroxideinduced
oxidative stress and apoptosis [Journal Article], Mol. Med. Rep. 18 (3) (2018)
2581-2588, eng.

M. He, H. Pan, R.C. Chang, K.F. So, N.C. Brecha, M. Pu, Activation of the Nrf2/HO-
1 antioxidant pathway contributes to the protective effects of Lycium barbarum
polysaccharides in the rodent retina after ischemia-reperfusion-induced damage
[Journal Article; Research Support, N.I.H., Extramural; Research Support, Non-U.S.
Gov't; Research Support, U.S. Gov’t, Non-P.H.S.], PLoS One 9 (1) (2014), 84800
eng.

Y. Huang, F. Zhou, C. Shen, H. Wang, Y. Xiao, LBP reduces theinflammatory
injuryof kidney in septic rat and regulates the Keap1-Nrf2ARE signaling pathway1l
[Journal Article], Acta Cir. Bras. 34 (1) (2019), 631258493 eng.

F. Wu, B. Ye, X. Wu, X. Lin, Y. Li, Y. Wu, et al., Paeoniflorin on rat myocardial
ischemia reperfusion injury of protection and mechanism research [Journal
Article], Pharmacology (2019) 1-08, eng.

M. Zhao, L. Sun, X.J. Yu, Y. Miao, J.J. Liu, H. Wang, et al., Acetylcholine mediates
AMPK-dependent autophagic cytoprotection in H9¢c2 cells during hypoxia/
reoxygenation injury [Journal Article; Research Support, Non-U.S. Gov’t], Cell.
Physiol. Biochem. 32 (3) (2013) 601-613, eng.

D.J. Hausenloy, H.E. Botker, T. Engstrom, D. Erlinge, G. Heusch, B. Ibanez, et al.,
Targeting reperfusion injury in patients with ST-segment elevation myocardial
infarction: trials and tribulations [Journal Article; Research Support, Non-U.S.
Gov’t], Eur. Heart J. 38 (13) (2017) 935-941, eng.

E. Donnarumma, M.J. Ali, A.M. Rushing, A.L. Scarborough, J.M. Bradley, C.

L. Organ, et al., Zofenopril protects against myocardial ischemia-reperfusion injury
by increasing nitric oxide and hydrogen sulfide bioavailability [Journal Article;
Research Support, Non-U.S. Gov’t; Research Support, N.I.H., Extramural], J. Am.
Heart Assoc. 5 (7) (2016) eng.

J.M. Garcia-Ruiz, R. Fernandez-Jimenez, A. Garcia-Alvarez, G. Pizarro, C. Galan-
Arriola, L. Fernandez-Friera, et al., Impact of the timing of metoprolol
administration during STEMI on infarct size and ventricular function [Journal
Article; Multicenter Study; Randomized Controlled Trial], J. Am. Coll. Cardiol. 67
(18) (2016) 2093-2104, eng.

J. Tang, L. Lu, Y. Liu, J. Ma, L. Yang, L. Li, et al., Quercetin improve ischemia/
reperfusion-induced cardiomyocyte apoptosis in vitro and in vivo study via SIRT1/


http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0005
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0005
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0005
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0005
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0005
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0010
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0010
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0010
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0010
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0015
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0015
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0015
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0020
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0020
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0020
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0025
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0025
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0025
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0025
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0030
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0030
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0030
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0035
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0035
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0035
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0040
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0040
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0040
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0045
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0045
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0045
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0045
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0050
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0050
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0050
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0055
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0055
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0055
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0060
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0060
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0060
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0065
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0065
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0065
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0070
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0070
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0070
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0070
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0075
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0075
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0075
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0075
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0080
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0080
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0080
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0080
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0085
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0085
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0085
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0085
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0095
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0095
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0095
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0115
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0115
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0115
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0120
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0120
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0120
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0125
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0125
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0125
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0125
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0130
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0130
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0130
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0130
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0135
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0135
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0135
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0135
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0135
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0145
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0145

J.-J. Liu et al.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[371

PGC-1alpha signaling [Journal Article], J. Cell. Biochem. 120 (6) (2019)
9747-9757, eng.

Y.C. Cui, C.S. Pan, L. Yan, L. Li, B.H. Hu, X. Chang, et al., Ginsenoside Rb1 protects
against ischemia/reperfusion-induced myocardial injury via energy metabolism
regulation mediated by RhoA signaling pathway [Journal Article; Research
Support, Non-U.S. Gov’t], Sci. Rep. 7 (2017) 44579, eng.

L. Huang, Y. Lin, G. Tian, G. Ji, Isolation, purification and physico-chemical
properties of immunoactive constituents from the fruit of Lycium barbarum L
[English Abstract; Journal Article], Yao Xue Xue Bao 33 (7) (1998) 512-516, chi.
Q. Liu, Q. Han, M. Lu, H. Wang, F. Tang, Lycium barbarum polysaccharide
attenuates cardiac hypertrophy, inhibits calpain-1 expression and inhibits NF-
kappaB activation in streptozotocin-induced diabetic rats [Journal Article], Exp.
Ther. Med. 18 (1) (2019) 509-516, eng.

D.J. Lefer, D.N. Granger, Oxidative stress and cardiac disease [Journal Article;
Review], Am. J. Med. 109 (4) (2000) 315-323, eng.

K. Raedschelders, D.M. Ansley, D.D. Chen, The cellular and molecular origin of
reactive oxygen species generation during myocardial ischemia and reperfusion
[Journal Article; Research Support, Non-U.S. Gov’t; Review], Pharmacol. Ther.
133 (2) (2012) 230-255, eng.

L. Tao, K. Huang, J. Wang, Y. Xue, Y. Zhou, F. He, et al., Retinol palmitate protects
against myocardial ischemia/reperfusion injury via reducing oxidative stress and
inhibiting apoptosis [Journal Article], Am. J. Transl. Res. 11 (3) (2019)
1510-1520, eng.

M. Wallert, M. Ziegler, X. Wang, A. Maluenda, X. Xu, M.L. Yap, et al., alpha-
Tocopherol preserves cardiac function by reducing oxidative stress and
inflammation in ischemia/reperfusion injury [Journal Article; Research Support,
Non-U.S. Gov’t], Redox Biol. 26 (2019), 101292 eng.

J. Zhu, H. Wang, F. Chen, J. Fu, Y. Xu, Y. Hou, et al., An overview of chemical
inhibitors of the Nrf2-ARE signaling pathway and their potential applications in

667

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Toxicology Reports 8 (2021) 657-667

cancer therapy [Journal Article; Review; Research Support, Non-U.S. Gov’t], Free
Radic. Biol. Med. 99 (2016) 544-556, eng.

Z. Yi, M. Deng, M.J. Scott, G. Fu, P.A. Loughran, Z. Lei, et al., IRG1/itaconate
activates Nrf2 in hepatocytes to protect against liver ischemia-reperfusion injury
[Journal article], Hepatology (2020) eng.

H.K. Bryan, A. Olayanju, C.E. Goldring, B.K. Park, The Nrf2 cell defence pathway:
Keapl-dependent and -independent mechanisms of regulation [Journal Article;
Research Support, Non-U.S. Gov’t; Review], Biochem. Pharmacol. 85 (6) (2013)
705-717, eng.

Y.A. Hong, J.H. Lim, M.Y. Kim, E.N. Kim, E.S. Koh, S.J. Shin, et al., Delayed
treatment with oleanolic acid attenuates tubulointerstitial fibrosis in chronic
cyclosporine nephropathy through Nrf2/HO-1 signaling [Journal Article; Research
Support, Non-U.S. Gov’t], J. Transl. Med. 12 (2014) 50, eng.

B. Fernandez-Rojas, G.I. Vazquez-Cervantes, J. Pedraza-Chaverri, G. Gutierrez-
Venegas, Lipoteichoic acid reduces antioxidant enzymes in H9¢2 cells [Journal
Article], Toxicol. Rep. 7 (2020) 101-108, eng.

L. Li, T. Liu, L. Liu, S. Li, Z. Zhang, R. Zhang, et al., Effect of hydrogen-rich water on
the Nrf2/ARE signaling pathway in rats with myocardial ischemia-reperfusion
injury [Journal Article], J. Bioenerg. Biomembr. 51 (6) (2019) 393-402, eng.

Z. Shi, D. Wu, J.P. Yao, X. Yao, Z. Huang, P. Li, et al., Protection against oxygen-
glucose deprivation/reperfusion injury in cortical neurons by combining omega-3
polyunsaturated acid with lyciumbarbarum polysaccharide [Journal Article;
Research Support, Non-U.S. Gov’t], Nutrients 8 (1) (2016) eng.

X.M. Tian, R. Wang, B.K. Zhang, C.L. Wang, H. Guo, S.J. Zhang, Impact of Lycium
barbarum Polysaccharide and Danshensu on vascular endothelial growth factor in
the process of retinal neovascularization of rabbit [Journal Article], Int. J.
Ophthalmol. 6 (1) (2013) 59-61, eng.


http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0145
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0145
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0150
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0150
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0150
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0150
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0155
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0155
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0155
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0165
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0165
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0170
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0170
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0170
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0170
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0175
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0175
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0175
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0175
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0180
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0180
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0180
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0180
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0185
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0185
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0185
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0185
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0190
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0190
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0190
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0200
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0200
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0200
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0200
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0205
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0205
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0205
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0210
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0210
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0210
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0215
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0215
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0215
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0215
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0220
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0220
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0220
http://refhub.elsevier.com/S2214-7500(21)00060-3/sbref0220

	Lycium barbarum polysaccharides inhibit ischemia/reperfusion-induced myocardial injury via the Nrf2 antioxidant pathway
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 I/R model establishment and LBP administration
	2.3 Hemodynamic parameters analysis
	2.4 Assessment of myocardial infarction
	2.5 Cell culture and treatment
	2.6 Nrf2 silencing by siRNA
	2.7 Cell viability assay
	2.8 Evaluating I/R injury enzyme
	2.9 Assessment of oxidative stress
	2.10 Assessment of apoptosis
	2.11 Western blotting
	2.12 Nuclear translocation of Nrf2 by immunofluorescence analysis
	2.13 Statistical analysis

	3 Results
	3.1 LBP protected against myocardial I/R injury
	3.2 LBP inhibited myocardial oxidative stress damage
	3.3 LBP treatment activated the Nrf2 antioxidant signaling pathway
	3.4 Pretreatment with LBP ameliorated hypoxia/reoxygenation (H/R)-induced oxidative stress damage in H9c2 cells
	3.5 Activation of Nrf2 is essential in mediating the protective effect of LBP in H9c2 cells exposed to H/R

	4 Discussion
	5 Conclusions
	Authors’ contributions
	Funding
	Declaration of Competing Interest
	References


