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Purpose: This research intended to study the mechanism of pravastatin in myocardial
ischemia reperfusion (I/R) injury.

Patients and Methods: Altogether 70 male rats were selected and grouped into Sham
operation group (Sham group), ischemia reperfusion group (I/R group), pravastatin pretreat-
ment group (I/R+P group), /R+miR-93-mimics, [/R+P+miR-93-mimics, I/R+Nrf2 siRNA,
and I/R+P+Nrf2 siRNA group. The myocardial function of each group was detected.
Results: Myocardial I/R injury could lead to abnormal myocardial enzyme activity, inflamma-
tory reaction and oxidative stress. However, pravastatin could significantly inhibit the activity of
myocardial enzymes, alleviate inflammatory reaction and inhibit oxidative stress reaction, thus
playing a protective role. Furthermore, cell experiments showed that pravastatin can alleviate the
injury of H9C2 myocardial cells caused by I/R, inhibit the apoptosis of myocardial cells, and lead
to a significant reduction in pro-apoptotic genes Bax, caspase-3 and caspase-9 transcription
levels, an obvious increase in anti-apoptotic gene Bcl-2, and an increase in cell activity. After /R
induced injury, miR-93 level was significantly up-regulated and Nrf2 level was down-regulated.
Over-expression of miR-93 or inhibition of Nrf2 expression would lead to further aggravation of
I/R myocardial injury, increase the apoptosis rate of cells and decrease the activity of myocardial
cells. Pravastatin administration could inhibit miR-93, activate and promote Nrf2 in myocardial
tissue, and promote protein expression of downstream regulatory genes HO-1 and NQOI. In the
I/R model, pravastatin was given. Over-expression of miR-93 or silencing Nrf2 could reverse the
therapeutic effect of pravastatin on I/R.

Conclusion: Pravastatin acts as a protector on myocardial ischemia reperfusion injury by
regulating miR-93/Nrf2/ARE signaling pathway.

Keywords: pravastatin, miR-93/Nrf2/ARE, myocardial ischemia reperfusion injury,
protective effect

Core Tip

This study found that over-expression of miR-93 or silence of Nrf2 can reverse the
therapeutic effect of pravastatin on I/R. In myocardial I/R injury, pravastatin could
play a role through miR-93/Nrf2/ARE signaling pathway, thus regulating the
activity and apoptosis of myocardial cells.

Introduction
Myocardial ischemia reperfusion injury (I/R) is a common clinical disease. Due to
the extensive application of various cardiac treatment technologies such as medical
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intervention and surgical operation, the cure rate of cardi-
ovascular diseases has also been greatly improved, but the
resulting I/R injury is also increasing.'” Clinically, I/R is
an inevitable myocardial injury in the treatment of restor-
ing coronary blood flow, myocardial ischemia and narrow-
ing the scope of myocardial infarction. It has high
morbidity and mortality. About 3.8 million male and
3.4 million female die due to the disease each year.*™
Statins are competitive inhibitors of 3-hydroxy-3-methyl-
glutaryl coenzyme and can be applied to reduce the risk of
all major vascular events. They are commonly applied in
cardiovascular diseases.® Moreover, more and more
reports showed that statins can effectively resist myocar-
dial infarction and improve survival rate, inhibit inflam-
mation and apoptosis of cells, stabilize artery plaque,
endothelial
radicals.” '® Pravastatin belongs to statins. Previous stu-

maintain function and eliminate free
dies have shown that pravastatin can effectively prevent
fatal ventricular fibrillation caused by ischemia reperfusion
and reduce the mortality rate of cardiovascular
diseases.'™!'" The report showed that pravastatin pretreat-
ment can play a protective role in fatal ventricular arrhyth-
mia caused by reperfusion by inhibiting [Ca 2+] (i)
overload and preventing 6 ¥ (M) loss caused by H 2
O 2."" Moreover, pravastatin may reduce the death rate
of cardiovascular diseases by affecting eNOS expression,
and is superior to fluvastatin in reducing infarct size.'®
Related studies have suggested that cardiac damage
caused by myocardial ischemia is related to the imbalance
of various signal pathways, especially the imbalance of

2 miRNA, as a small non-

intracellular signal pathways.
coding RNA, can participate in gene regulation and cell
activities, such as development, metabolism, proliferation
Many studies also indicated that

miRNA acts on myocardial I/R and has become an impor-

and differentiation.'®

tant target of clinical treatment intervention. For example,
miR-7a/b in I/R can protect myocardial cells and hinder
apoptosis by slashing poly (ADP ribose) polymerase.'
Research have shown that miR-93 may acts on ischemic
heart disease, and transfection of miR-93 mimetic can
reduce myocardial injury and apoptosis induced by
(H/R) in  H9c2
Transcription factor Nrf2 is the main regulator of cell

hypoxia/reoxygenation cells.'
and body defense against endogenous and exogenous
stress by coordinating basic activation and stress-induced
activation of various cell protection genes.'® And it can
play a protective role in I/R injury by regulating Nrf2-
ARE pathway.'” Yan'® et al found that miR-93 can

mediate OGD/R-induced apoptosis of H/R injured cells
by targeting Nrf2. And research have shown that miR-93
can improve the injury caused by cerebral ischemia reper-
fusion through Nrf2/HO-1 pathway.'®

At present, there is little research on the regulation
mechanism of pravastatin in I/R, and whether pravastatin
can play a protective role by mediating miR-93/Nrf2/ARE
pathway still needs further research.

Patients and Methods

Model Construction

Seventy healthy and clean SD male rats with body mass
(200~250 g) were from Shanghai Institute of Materia
Medica, with the production license number of SCXK
[Shanghai] 2004—0002. The rats were grouped into Sham
operation group (Sham group), ischemia reperfusion group
(I/R group), pravastatin pretreatment group (I/R+P group),
I/R+miR-93-mimics, I/R+P+miR-93-mimics, I/R+Nrf2
siRNA, I/R+P+Nrf2 siRNA group after adaptive feeding
for one week, with 10 rats in each group. In the sham
operation group, the thoracic cavity was opened and not
ligated after needling. The other groups established models
according to the method of ischemia reperfusion.”® The
anesthetized rats were fixed on the operating table in
supine position, and the endotracheal tube was inserted
into the rats and connected to the ventilator. The rat’s
right carotid artery was isolated and inserted into arterial
cannula, and connected to Med-Lab system (Nanjing
Medease Science and Technology Co., Ltd., Nanjing
China). The chest of rats was cut, and an incision was
made along the left edge of sternum to separate pericar-
dium and expose the heart. A 5-0 filaments were used to
ligate through the bottom of the anterior descending
branch of the left coronary artery (ischemia 30 min/reper-
fusion 2 h), with cyanosis of left ventricular anterior wall
and ST segment elevation as signs of successful ischemia.
After reperfusion, the above changes disappeared, which
meant the reperfusion is successful. Sham group, I/R
group, I/R+P group, I/R+miR-93-mimics, [/R+P+miR-93-
mimics, [/R+Nrf2 siRNA, I/R+P+Nrf2 siRNA group were
given normal saline, pravastatin, miR-93-mimics, pravas-
tatin +miR-93-mimics, Nrf2 siRNA, pravastatin +Nrf2
siRNA respectively 10min before ischemia. The above
process was approved by the Xinxiang Central Hospital,
Xinxiang, Henan Province, China,Ethics Committee, and
the operation referred to the guidelines of Laboratory
Animal Care and National Institutes of Health (NIH).
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miR-93-mimics and Nrf2 siRNA were purchased from
Shanghai Sangon Biotech. Pravastatin was purchased
from Sankyo Company (Tokyo, Japan) and administered
orally for 2 mg/kg/day and 7 days before modeling.

Blood Specimen Acquisition and Related

Indicators Detection

A 5mL of abdominal aortic blood was collected, left at
room temperature for 30 min, centrifuged at 1006.2x g at
4°C for 10min to separate serum. Enzyme-linked immu-
nosorbent assay kits were applied to detect LDH (RLO00S,
Shanghai Gefan Biotechnology Co., Ltd.), CK-MB
(RCO044, Shanghai Gefan Biotechnology Co., Ltd.), CTnl
(EKC40439, R&D Systems Inc.). The operation was
strictly carried out in accordance with the instructions,
and absorbance was detected at 450nm with Multiskan
FC microplate reader (Thermo Fisher Scientific).

Myocardial Tissue Acquisition and

Related Index Detection

After reperfusion, myocardial tissues of each group were
washed with phosphate buffer solution (PBS), added into
ice-cold potassium phosphate buffer solution to make 10%
homogenate, centrifuged for 15 min. Supernatant was
taken, myeloperoxidase (MPO) activity was detected by
spectrophotometry, superoxide dismutase (SOD), glu-
tathione peroxidase (GSH-Px), malondialdehyde (MDA)
were detected according to the instructions of the kit.
Kits
Bioengineering Institute.

were collected from Nanling JianCheng

Cell Grouping and Activity Detection
H9C2
Company of the United States were adopted, with the
article number of YBCC337726. Myocardial cells were
in DMEM medium (KL-P0032, German
merck/sigma) including 10% fetal bovine serum with
5%CO0, at 37°C. Myocardial cells were randomly divided
into control group, I/R+NC group, I/R+P group, I/R+miR-
93-mimics, I/R+P+miR-93-mimics, I/R+Nrf2 siRNA, I/R
+P+Nrf2 siRNA group. I/R models were established,
while not in the control group. After the cells adhered to

cardiomyocytes purchased from ScienCell

incubated

the wall and grew to a certain density, the culture solution
was discarded. Ischemia solution (containing 0.9mmol/l of
caCl2-2h20, 20.49mmol/L of MgCl, 137mmol/L of NacCl,
12mmol/L of KCl, 4mmol/L of 4- hydroxyethylpiperazine
ethanesulfonic acid (HEPES), 10mmol/L of deoxyglucose,

0.75mmol/L of sodium dithionite, 20mmol/L of sodium
lactate, p H value adjusted to 6.5) was added, and placed
in an incubator at 37°C with 5% CO2 for 45 min in dark.
After the simulated ischemia process was completed, the
normal culture solution was replaced and continued to
culture in the incubator for 4 h to complete reperfusion.
After the completion of the action, the cells were inocu-
lated into 96-well plates. After transfection, the cells were
cultured at 5% CO, at 37°C for 24h, 48h, 72h and 96h
respectively. The original culture medium on the upper
layer was discarded. A 20 L of MTT reagent (Sigma-
Aldrich Co.) was put into each well and cultivated at 37°
C for another 4h in the dark. The culture medium was
discarded, 150uL of dimethyl sulfoxide was put into each
well, shaked for 5-10min to completely melt the purple
crystals, and the absorbance value at 450nm was detected
using Multiskan FC microplate reader (Thermo Fisher
Scientific).

Detection of Apoptosis

According to Annexin V-FITC/PI double staining apoptosis
kit instructions, flow cytometry was applied to study myo-
cardial cell apoptosis rate in each group. Cells were digested
with trypsin and rinsed twice with PBS after digestion. Cells
were collected into centrifuge tubes. A 20uL Annexin-
V-FITC labeling solution was put into 1mL buffer solution,
and then 20uL PI reagent was added. The solution was
cultivated at room temperature in dark for Smin. FACScan
flow cytometer (Becton Dickinson Company, USA) system
was used for detection. The experiment was repeated for 3
times to get the average value.

Western Blot Assay

A 50 mg of left ventricular ischemic myocardium was taken,
500 pL of lysate was added for lysis, the sample was homo-
genized in ice bath and centrifuged at 12,000xg for 20 minutes
at 4°C. The supernatant was taken and the protein concentra-
tion was detected by BCA kit (Thermo Fisher Scientific).
A total of 12% SDS-PAGE was used for electrophoresis
separation. After ionization, it was moved to PVDF membrane
(Millipore Company) and placed in 5% skim milk for sealing.
Immune reaction was carried out, and the membrane was
incubated  with  primary antibody (Santa Cruz
Biotechnologies, USA) 1: 1000 overnight at 4°C. The mem-
brane was washed to remove the primary antibody, goat anti-
rabbit secondary antibody (Abcam, USA) 1: 1000 was added,
cultivated at 37°C for 1 hour, rinsed with PBS 3 times for Smin

each time. After completion, ECL luminescent reagent
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(Thermo) was developed, fixed and photographed by using the
Quantity One infrared imaging system. The relative expres-
sion of the protein to be measured = gray value of the strip to
be measured/gray value of the internal reference protein strip.

RT-qPCR Analysis

Part of myocardial tissue was ground and prepared into
homogenate, and the homogenate total RNA was taken by
Trizol kit (Invitrogen, USA). The purity, concentration and
integrity of total RNA were determined by UV spectrophot-
ometer and agarose gel electrophoresis. RNA was reverse
transcribed into cDNA referring to the instruction manual of
the reverse transcription kit (Thermo Fisher Scientific).
SYBR Premix Ex Taq TM kit (Takara Biotechnology Co,
Itd.) was used and GAPDH or U6 was used as internal
reference, the reaction was carried out on a PCR instrument
(ABI 7500 PCR instrument). The PCR amplification cycle
were as follows: 95°C for 10min, 95°C for 15s, and 60°C for
60 seconds, for a total of 40 cycles. Data were obtained after
three repeated experiments, and the relative expression was
calculated using 2T (Table 1).

Luciferase Reporter Gene Assay

TargetScan was applied to predict the binding sites of miR-93
and Nrf2. Subsequently, a fragment of Nrf 23'- UTR contain-
ing the 3'-untranslated region (3'-UTR) of the predicted bind-
ing site wild type (Nrf2 wt) or mutation (Nrf2 mut) was
cloned on the vector. After DNA sequencing verification,
the plasmid (miR-93-mimics, NC mimic) was transfected
into cardiac muscle cells according to Lipofectamine™2000
instructions (Invitrogen Company of the United States). Cells
were taken 48 h after transfection and determined with a dual
luciferase reporting system (DLR ® Promega Corporation).

Statistical Treatment

In this study, SPSS20.0 was used to carry out statistical
analysis on the collected data, GraphPad 7 software pack-
age to visualize the required pictures, #-test for pair-wise

Table | Primer Sequence

comparison, one-way ANOVA for comparison among
multiple groups, LSD-#-test for post-even comparison.
When P< 0.05, there was statistical difference.

Results
Role of Pravastatin on I/R-Induced
Myocardial Cell Injury

The myocardial injury markers in each group were detected
as shown in Figure 1. The results indicated that compared
with sham group, the activities of myocardial enzyme LDH,
CK-MB and CTnl in /R group increased significantly
(P<0.05), while compared with I/R group, the activities of
myocardial enzyme LDH, CK-MB and CTnl in I/R+P group
inhibited
(P<0.05). Compared with sham group, the expression of

after administration could be significantly
inflammatory marker MPO and oxidative stress marker
MDA in /R group were significantly up-regulated, while
oxidative stress markers SOD and GSH-Px were signifi-
cantly down-regulated (P<0.05). After administration, I/R
+P group could significantly inhibit the levels of MPO and
MDA and increase the levels of SOD and GSH-Px com-
pared with I/R group (P<0.05). The myocardial infarction
area of I/R and I/R group was significantly higher than that
of sham operation group (P < 0.05). Compared with I/R
group, the myocardial infarction area decreased significantly
after pravastatin administration (P<0.05).

Effect of Pravastatin on Apoptosis and
Activity of Myocardial Cells Induced by |/
R

The apoptosis of each group was observed, as shown in
Figure 2. The apoptosis rate in the I/R group increased
significantly, while the cell activity decreased significantly
(P<0.05). The I/R+P group could alleviate the occurrence of
apoptosis, reduce the apoptosis rate and increase the prolif-
eration activity of cells compared with I/R group (P< 0.05).
The levels of apoptosis-related proteins in each group were

Forward Reverse
miR-93 5-AAGTGCTGTTCGTGCAGGT-3" 5-CTCGGGAAGTGCTAGCTCA-3’
Ué 5-CTCGCTTCGGCAGCACA-3’ 5-AACGCTTCACGAATTTGCGT-3"
Nrf2 5'-CACATCCAGACAGACACCAGT-3’ 5-CTACAAATGGGAATGTCTCTGC-3’
NQO-I 5'-GCCATCATTTGGG CAAGTCC-3’ 5-TCCTTGTGGAACAAAGGCGA-3’
HO-1 5'-AGCGAAACAAGCAGAACCCA-3’ 5-ACCTCGTGGAGACGCTTTAC-3’
GAPDH 5-CCGTATTCAGCATTCTATGCTCTC-3" 5-TGGATACACACTCTGGGGCT-3"
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Figure | Effect of pravastatin on I/R induced myocardial cell injury. (A) effect of pravastatin on I/R induced LDH activity. (B) effect of pravastatin on I/R-induced CK-MB
activity. (C) effect of pravastatin on I/R-induced CTnl activity. (D) effect of pravastatin on I/R-induced MPO activity. (E) effect of pravastatin on I/R induced MDAI activity. (F)
effect of pravastatin on SOD activity induced by I/R. (G) effect of pravastatin on GSH-Px activity induced by I/R. (H) Myocardial infarction map.

Note: *Indicates that compared with sham group, P<0.05.

detected. The expression and content of caspase-9, caspase-3
and Bax in the I/R group were up-regulated (P<0.05), while
the expression and content of Bcl-2 were decreased (P<0.05).
After administration, the I/R+P group could alleviate the
above changes, making caspase-9, caspase-3 and Bax lower
and Bcl-2 higher (P<0.05).

Effect of Pravastatin on miR-93/Nrf2/ARE
In order to explore whether pravastatin has influence on
miR-93/Nrf2/ARE, the expression levels of miR-93,
Nrf2 and ARE in sham group, I/R group and I/R+P
group were detected respectively, as shown in Figure
3. The levels of Nrf2, HO-1 and NQO-1 in I/R group
decreased compared with I/R group, while the contents
of Nrf2, HO-1 and NQO-1 in I/R+P group after admin-
increased significantly (P< 0.05). miR-93
expression in I/R group was significantly up-regulated

istration

compared with I/R group, while miR-93 expression was
inhibited in I/R+P group (P<0.05).

2.4 miR-93 Reverses Myocardial Injury

Caused by Pravastatin
The that
a protective role in the I/R model. After miR-93-mimics

above research found pravastatin  plays
transfection, as shown in Figure 4, it was found that the
over-expression of miR-93 can reverse the effects of pra-
vastatin on myocardial injury, oxidative stress, inflamma-
tory index, apoptosis and proliferation activity, resulting in
an increase in the apoptosis rate and a decrease in the
proliferation activity of cells. Moreover, there was no
significant difference between the indicators of the I/R
+miR-93-mimics group and the I/R+P+miR-93-mimics
group (P> 0.05). The over-expression of miR-93 could
reverse the effect of pravastatin on Nrf2/ARE pathway,
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Figure 2 Effect of pravastatin on I/R induced cardiomyocyte apoptosis and activity.

100

104
Annexin V-FITC

(A) effect of pravastatin on I/R induced cardiomyocyte apoptosis rate. (B) effect of

pravastatin on caspase-9 Level. (C) effect of pravastatin on caspase-3 Level. (D) effect of pravastatin on Bax level. (E) effect of pravastatin on Bcl-2 level. (F) effect of

pravastatin on myocardial activity. (G) apoptosis map. (H) apoptotic protein map.

Note: *Indicates that compared with the sham group or comparison between the two groups, P<0.05.

and Nrf2, HO-1 and NQO-1 contents decreased compared
with I/R group (P<0.05).

Nrf2 Reverses Myocardial Injury Caused

by Pravastatin

However, after Nrf2 siRNA transfection, as shown in
Figure 5, silencing Nrf2 treatment significantly inhibited
the increase of Nrf2, HO-1, NQO-1 content caused by
pravastatin, and Nrf2, HO-1, NQO-1 contents decreased
compared with I/R+P group (P<0.05). Silence of Nrf2
could significantly reverse the effects of pravastatin on
myocardial injury, oxidative stress, inflammatory indexes,
apoptosis and proliferative activity, and reverse the protec-
tive effect of pravastatin in I/R model.

Targeting Relationship Between miR-93
and Nrf2

We suggested that miR-93 may mediate the effect of
pravastatin on Nrf2 pathway according to the above
results. Therefore, we predicted the possible targets
using prediction software to explore the possible biolo-
gical functions of miR-93. There was a complementary
pairing region of miR-93 with Nrf2 sequence, which
determined that Nrf2 is the target of miR-93. After
transfection of miR-93- mimics, the luciferase activity
of Nrf2-Wt was inhibited (P<0.05). Compared with NC,
the expression and content of Nrf2 in miR-93- mimics
group were significantly down-regulated (P<0.05)
(Figure 6).
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Figure 3 Effect of pravastatin on miR-93/Nrf2/ARE. (A) effect of pravastatin on Nrf2 level. (B) effect of pravastatin on HO-1 level. (C) effect of pravastatin on NQO-1 Level.
(D) effect of pravastatin on miR-93 expression. (E) Nrf2/ARE pathway protein map.

Note: * indicates that compared with sham group, P<0.05.

Discussion
Previous studies have shown that Nrf2-ARE signaling path-
way can improve reactive oxygen species (ROS) scaven-
ging ability and inhibit oxidative and inflammatory
reactions. The activation of ARE is the key for Nrf2-ARE
pathway to regulate cell antioxidant stress.”’ Nrf2 is a kind
of transcription factor, which can participate in the regula-
tion of the generation and expression of antioxidant related
genes. It is often combined with the upstream promoter
region of the downstream regulatory antioxidant genes
(such as HO-1, NQOI1, SOD, GPX), and the polymer com-
bined in the tissue can induce the up-regulation of the
expression of endogenous cell antioxidant protection genes
in the organism, so as to maintain the cells in the oxidation
and antioxidant water in a state of equilibrium.'”'>-*
Many research have proved that the generation of a large
number of oxygen free radicals in myocardial cells, the
changes of cell adhesion molecules, the overload of calcium
ions, the dysfunction of myocardial energy metabolism, and

the occurrence of apoptosis are all correlated with myocardial
I/R injury. The correlation between these mechanisms consti-
tuted a complex signal network, which restricts and balances
each other.”’”* Pravastatin is a compound with naphthalene
skeleton and heptanoate, and has the ability to scavenge super-
oxide anion, hydroxyl radical and nitric oxide radical.**
Relevant studies showed that pravastatin can reduce myocar-
dial infarction area and mortality rate of cardiovascular dis-
eases, and has good application effect in I/R.'*"" In order to
explore the regulation mechanism of pravastatin in I/R, this
research examined the role of pravastatin in I/R. The results
showed that pravastatin can significantly inhibit the activities
of myocardial enzyme LDH, CK-MB, CTnl, reduce inflam-
matory reaction, inhibit oxidative stress reaction and thus play
a protective role. We observed myocardial infarction through
TTC, and found that pravastatin administration can signifi-
cantly reduce myocardial infarction area caused by I/R,
which is similar to the result of previous research'® that pra-

vastatin can reduce myocardial infarction area caused by
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Figure 4 miR-93 reverses pravastatin on myocardial injury. (A) effects of different groups on myocardial enzyme activity in animal models. (B) effects of different groups on
inflammatory factor levels in animal models. (C) effects of different groups on oxidative stress level in animal models. (D) effect of different groups on myocardial cell
apoptosis rate. (E) effects of different groups on expression of apoptosis-related proteins. (F) cell activity map after different transfection. (G) changes in expression of Nrf2,
HO-1 and NQO-I. (H) Nrf2, HO-I, NQO-I protein and apoptosis related protein figure. (I) cell apoptosis figure.

Note: ns indicates that there was no significant difference between the two groups (P>0.05).

coronary artery ischemia reperfusion in rats. However, further
cell experiments showed that pravastatin could alleviate the
injury of H9C2 myocardial cells caused by I/R, inhibit the
apoptosis of myocardial cells, and lead to a significant reduc-
tion in pro-apoptotic genes Bax, caspase-3 and caspase-9, an
obvious increase in anti-apoptotic gene Bcl-2, and an increase
in cell activity. Previous studies determined that pravastatin
can enhance the proliferation by regulating the expression of
apoptosis-related genes, thus participating in the protective
effects of cardiovascular and cerebrovascular diseases.”>*°
According to the research of Li*’ et al, miR-93 parti-
cipates in the process of cardiac remodeling, increases in
blood of patients with cardiovascular diseases, and
increases in miR-93 level after myocardial infarction. In
addition, studies have evaluated the promising effect of
miR-93 on I/R injury animal models. It was found that

down-regulation of miR-93 level can reduce cerebral
infarction volume, neuronal apoptosis, restore neurological
function score, inhibit oxidative stress caused by I/R, and
down-regulation of miR-93 can elevate Nrf2 and HO-1."
There are more than 200 endogenous protective genes
regulated by Nrf2-ARE signaling pathway. HO-1 and
NQOI are landmark target genes in a series of antioxidant
enzyme and detoxifying enzyme genes regulated in the
middle and lower reaches of Nrf2 pathway.”*2° NQO1 is
ubiquitous in eukaryotic cells and has strong antioxidant
properties, which can prevent oxidation-reduction reac-
tions and oxidative stress reactions of quinones.*® HO-1
can inhibit various inflammation and oxidation reactions,
maintain platelet aggregation and vascular tension, and has
protective effect on I/R.*' At present, more and more
researches have found that miR-93 participates in the

submit your manuscript

3860

Dove

Drug Design, Development and Therapy 2020:14


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

Dove Liu et al
ue B 30 ns
1500 400 —_
I
ns —~ 300 = B 20
= 1000 g E 2
g —_ S ) 2
= @ 200 T £ 14 -
3 3 £ = 10
= 500 i S o
100-
0 ’ ° & 3 v v
& R \a o & R s a N S S R
M € &
& K L &
& L & < & R
Ny N D N
80
c 2 us 180 25 ns
T
= T _ ~20 g 60 —_
R 9 100 ns g 15 ol ns e
3 £ El 8 a0
E 10 2 X T -4
s = 2 . T £ g o
o 2] 7] & 20.
= s S
o [ 0 o
& R F NS & \g \g & R \g \g & R N ~F
R M D A Y Y
&8 & & & & ¢
& < & K & L 3 e
Ny - A & ¥ & « &
E o ns 815 ns o 08 15
$1s H 3 & =
i T z - s s
g g 5 0.6
g 5 1.0 H alen § 10 =
3 1.0 < 2 ns H
] H _ 8 04 2
H H s T £ -
H 505 H 05
205 & M ®
H 3 202 2
s 2 3 k4
H H : E
200 g 0o % 0.0 0.0
& < & R & 2 & & & ? v v & ] v v
T g"\@ &a*' € &S A & & & N Ni & &
& & 5 X & & & &
A & N R & < & el
N ® vE &
—— UR+P+NIf2 SiRNA
157 — R+Nri2 SRNA 25 - R ‘ - B e e Gy S
N2 —
— IR+P < 20 w R+P e R S— = 2
— IR+NC 2 T r B /R+Nrf2 SiRNA Bel2 e D e e
%"“ Ep 1 3 /R+P+Nm2siRNA  HO-1 et S  Sees S
s . C: -3
g 5 NGO ; as03e) P e G G—
= 2 1.0 g ~‘ » ”
g 08 H s Ds . — Caspaseo e Wi W G—
S 05 ns
0 - _I_l_D_I_I_D_I_j_EL CATOH W — S — PAC s — — —
00 & ] v
o ® $ \ X o o 9 2 ¥ ¥
L ) K & &> o A & £ o & & £ o8
N & ‘g‘ﬁ & A S K
\ X
| € ¢
IIR+NC IIR+P I/R+P+Nrf2 SIRNA
& 5.43% 14.11% E 3.48% 21.80% & 711% 18.80%
2 =3 2
o | at Q2
< & < o pi g1
a T 07 3 e e [ a T
L4 ,
o] " 24 ER| 3 &3
2.149.19% 31.27%| 5, 17213% 16.16% | g {31.70% 3048%| 5 135.75% 38.34%
T R T S T e SO T S S S R T T 0 o o

Annexin V-FITC Annexin V-FITC Annexin V-FITC

Annexin V-FITC

Figure 5 Nrf2 reverses pravastatin on myocardial injury. (A) effect of different groups on myocardial enzyme activity in animal models. (B) effects of different groups on
inflammatory factor levels in animal models. (C) effects of different groups on oxidative stress level in animal models. (D) effect of different groups on myocardial cell
apoptosis rate. (E) effects of different groups on expression of apoptosis-related proteins. (F) cell activity map after different transfection. (G) changes in expression of Nrf2,
HO-1 and NQO-I. (H) Nrf2, HO-I, NQO-I protein and apoptosis related protein figure. (I) cell apoptosis figure.

Note: ns indicates that there was no significant difference between the two groups (P>0.05).

biological development process of various diseases by
mediating Nrf2. For example, miR-93 mediates endothe-
lial glycolysis and proliferation by regulating Nrf2, and
mediates the effect of oxidized phospholipids on endothe-
lial activation.? In breast cancer, miR-93 can target Nrf2
pathway and participate in disease process.'> miR-93 was
significantly up-regulated and Nrf2 level is down-
regulated after I/R induced injury. Over-expression of
miR-93 or inhibition of Nrf2 expression will lead to
further aggravation of myocardial injury of I/R, increase
the apoptosis rate of cells and decrease the activity of
myocardial cells.'"® Moreover, the luciferase reporter gene
confirmed that Nrf2 is a target gene of miR-93, and the
after transfection

over-expression of miR-93 can

significantly reduce the content of Nrf2. It was suggested
that miR-93 mediated Nrf2 pathway plays a role in I/R
injury.

It also determined that drugs can play a protective role in I/
R injury by regulating signal pathways. Chu® et al
Ginsenoside Rgl plays a protective role in I/R injury and
alleviates neuron injury by regulating miR-144/Nrf2/are path-
way. Li** et al Hydrogen rich water can alleviate I/R-induced
cardiac injury and effectively reduce the occurrence of oxida-
tive stress by regulating Nrf2/ARE signaling pathway. In this
study, we speculated that pravastatin may alleviate /R injury
by regulating Nrf2/ARE signaling pathway. Hence, deter-
mined the changes of miR-93/Nrf2/ARE pathway after pra-
vastatin, and found that pravastatin can inhibit miR-93, activate
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and promote Nrf2 protein in myocardial tissue, and promote
the increase of protein expression of downstream regulatory
genes HO-1 and NQOI, suggesting that the endogenous
defense mechanism of the body against oxidative stress is
activated after pravastatin is given, thus providing protective
and preventive measures for the occurrence of oxidation resis-
tance and anti-apoptosis of body cells. Moreover, in order to
further explore this effect pathway, through transfection of
miR-93 and Nrf2, it was found that over-expression of miR-
93 or silencing Nrf2 can reverse the therapeutic effect of
pravastatin on I/R in the I/R model. The results indicated that
pravastatin acts on miR-93/Nrf2/ARE pathway during the
treatment of I/R, and proved that pravastatin can reduce myo-
cardial damage, reduce cell apoptosis and improve cell activity
by regulating miR-93/Nrf2/ARE pathway during I/R injury.
This research found the regulatory mechanism of pra-
vastatin in myocardial I/R injury, which provides some
ideas for future research and treatment. However, there
are certain limitations. As there are many regulatory path-
ways for myocardial injury, other regulatory pathways still
needs further research and evidence. However, the effect
of pravastatin on ROS and whether pravastatin has an
effect on myocardial infarction area in rats through miR-
93/Nrf2/ARE pathway need further research.

Conclusion

To sum up, pravastatin acts as a protector on myocardial
ischemia reperfusion injury by regulating miR-93/Nrf2/
ARE signaling pathway.
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