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Cerebral infarction is a cardiovascular disease with high morbidity and mortality. At present, many studies have
reported the treatment of cerebral infarction by traditional Chinese medicine. Naringin, a flavonoid, is a major
traditional Chinese medicine. However, the effect and mechanism of naringin on cerebral infarction is unclear.
In our study, we established a rat model of cerebral infarction through middle cerebral artery occlusion (MCAQ)
to study the influence of naringin on cerebral infarction in vivo. After treatment with naringin, brain water con-
tent was detected to assess brain edema. Cerebral infarction volume and neurological deficits were also mea-
sured. Production of the inflammatory factors tumor necrosis factor (TNF)-a and interleukin (IL)-6) was mea-
sured using enzyme-linked immunosorbent assay (ELISA). Besides, the effect of naringin on cerebral infarction
was investigated in vitro by establishing an oxygen-glucose deprivation (OGD) model in neuronal cells. Cell
apoptosis and cell viability was determined using flow cytometry and MTT assay.

We found that naringin pretreatment significantly decreased the brain water content, cerebral infarction vol-
ume, and neurological deficit scores of MCAO subjected rats. And naringin treatment reduced apoptosis of
nerve cells in rat hippocampus and the secretion of inflammatory factor such as TNF-a and IL-6. Besides, we
found that naringin increased cell viability and inhibited apoptosis in OGD induced neuronal cells. Finally, we
found that naringin promoted the expression of p-AKT protein in a concentration-dependent manner and ac-
tivated the PI3K/AKT pathway in OGD induced neurons.

Naringin played a protective role in cerebral infarction via suppressing neuronal apoptosis and inflammation.
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Background

Cerebral infarction, a cardiovascular disease, is caused by brain
blood supply disorders [1]. Cerebral infarction patients are usu-
ally in the population of people who are: aged 50 to 60 years
old, usually have atherosclerosis, hypertension, rheumatic
heart disease, coronary heart disease or diabetes, as well as
patients with bad health habits such as smoking and drink-
ing. At present, cerebral infarction has a high morbidity and
mortality, which seriously affects people’s lives [2]. Currently,
treatments for cerebral infarction have 2 treatment methods
including drug therapy and thrombectomy [3,4]. However,
there are many reports on the treatment of cerebral infarc-
tion by traditional Chinese medicine. Previous studies showed
that Danshen, the dried root of Salvia miltiorrhiza, which pro-
motes blood flow, is a traditional Chinese medicine for treating
blood vessels [5]. Chen et al. showed that Huaihua could re-
duce the size and neurological deficit of cerebral infarction [6].

Naringin, a foremost flavonoids compound, is mainly found
in the grapefruit fruit of the Rutaceae family [7]; in the peel
and pulp of grapefruit and orange. At present, naringin has
anti-inflammatory, anti-viral, anti-cancer, anti-ulcer, analgesic,
and antihypertensive activities. In addition, naringin can lower
blood cholesterol, reduce the formation of blood clots and im-
prove local microcirculation and nutrient supply. And naringin
can be used for prevention cardiovascular and cerebrovascu-
lar diseases. Naringin is currently available in the market for
use in certain projects and is safe for humans [8-10]. It has
been reported that naringin has many biological activities [11].
Geng et al. indicated that naringin promoted cell proliferation
and osteogenic differentiation in human bone marrow mes-
enchymal stem cells, which played an important role in the
proliferation of osteoblasts [12]. Zhang et al. showed that nar-
ingin has anti-osteoporosis effect and enhances bone consis-
tency by promoting the proliferation and osteogenic differen-
tiation of human bone marrow mesenchymal stem cells [13].
However, it is not clear about the role and function of narin-
gin in cerebral infarction.

The purpose of this study was to explore whether naringin
plays a certain role in cerebral infarction in vitro and in vivo,
and further to study specific molecular mechanisms. Our study
may provide some theoretical knowledge and new target for
the treatment of cerebral infarction.

Material and Methods

Establishment of animal models

We selected 50 healthy Sprague-Dawley male rats, each weigh-
ing approximately 250 to 280 g. All experimental procedures
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were received prior approval of the Institutional Animal Care
and Use Committee of Taicang City Hospital of Traditional
Chinese Medicine and followed the guidelines by the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals. Rats were kept for a period of time and given plenty
of water and food to adapt to the environment. Subsequently,
we randomly assigned rats to 5 groups of 10 rats in each
group: control group; sham group; model group; model+vehicle
(normal saline) group; and model+naringin group. Rats in the
model+naringin group were intraperitoneally injected with
naringin (5 mg/kg) for 7 consecutive days prior to middle ce-
rebral artery occlusion (MCAO) surgery. Rats in model+vehicle
group were injected with normal saline of 10 mL/kg per rat
weigh for 7 consecutive days, and then MCAO surgery was
performed. Briefly, we first anesthetized the rats by intraperi-
toneal injection with 5% chloral hydrate and then cut them
along the midline of the neck. The exposed external carotid
artery is then closed with a sterile suture, and the internal ca-
rotid artery is clamped using a vascular clamp to prevent ma-
jor bleeding. Then, the carotid artery was incised and ligated
using silicone-coated sutures (4-0). After 2 hours, the rats were
reperfused. When the rats developed hemiplegia on the left
side, the contralateral forelimb sag, standing instability and
other symptoms, indicating that the cerebral infarction mod-
el was successfully constructed.

Cell culture and treatment

Primary nerve cells were acquired from newborn rats. In brief,
we used ether to anesthetize the rats and then rats were
killed by cervical dislocation. We collected hippocampus that
was digested with 0.05% trypsin (Gibco) and centrifuged hip-
pocampus. After a while, the deposits were resuspended in
Dulbecco’s Modified Eagle Medium (DMEM) medium (Gibco,
Grand Island, NY, USA) containing 5% serum (Gibco). The cells
were treated with different ways and divided into 3 groups:
control group, oxygen-glucose deprivation (OGD) group, and
OGD+naringin treatment group. The cells were cultured with
normal medium at 37°C in a 5% CO, incubator in the control
group. The cells were pretreated with OGD (95% N, and 5%
C0,) for 24 hours, then we added 6, 12, or 25 pg/mL naringin
and continued culturing (95% N, and 5% CO,) for 48 hours.

Brain edema assessment

To assess the brain edema, we detected the brain water con-
tent in rat brain tissues. Briefly, after reperfusion for 24 hours,
we used 5% chloral hydrate to anesthetize the rats (400 mg/kg)
and the rats were killed by cervical dislocation. Then, the rat
was immediately dissected, and the brain part was divided
into 2 parts along the midline, and the cerebellum was re-
moved. Immediately, we weighed the brain samples to get a
wet weight, and then we placed the brain samples to a dry
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gravity oven at 100°C for 24 hours to get a dry weight. Finally,
brain water content was calculated as: brain water content
(%)=(wet weight-dry weight)/wet weightx100%.

Cerebral infarction volume measurement

After 24 hours of reperfusion, we used 5% chloral hydrate to
anesthetize the rats and the brain of the rats was quickly cut.
The forebrain was then cut into 6 coronal (2 mm thick) sections,
and we stained each section for 5 minutes using 2% 2,3,5-tri-
phenyltetrazolium chloride (TTC) (Sigma, St. Louis, MO, USA).
Finally, we performed Image) software to analyze the volume
of cerebral infarction in every section.

Neurological evaluation

After 24-hour reperfusion, neurological deficits were assessed
according to previous methods [14]. The score was rated as
0: no neurological deficit; 1: not fully extended left forepaw;
2: left forepaw was circled; 3: fell to left forepaw; 4: could not
be released and had depression.

MTT assay

Neuronal cells viability was determined by MTT assay. In brief,
cells were plated in 96-well plate at a density of 5x10° cells/well.
Neuronal cells were pretreated with OGD for 24 hours and
then added with 6, 12, or 25 pg/mL naringin and cultured for
another 48 hours, then 20 uL MTT reagent (Solarbio, Beijing,
China) was added into each well for another 4 hours of incu-
bation at 37°C. Then 150 pL DMSO was added into each well
and shaken for 15 minutes. The optical density (OD) values
were read at 490 nm using a micro-plate reader.

Apoptosis detection

To analyze cell apoptosis, flow cytometry (BD Accuri™ Flow
Cytometer, Franklin Lakes, NJ, USA) was performed. Neuronal
cells were pretreated with OGD for 24 hours and then 6, 12,
or 25 pg/mL of naringin was added and cells cultured for
another 48 hours. Then, the cell apoptosis was determined
by using the Annexin V-FITC/PI apoptosis detection kit (BD
Biosciences, USA) following the manufacturer’s instructions.
FlowJo 7.6 software (TreeStar Inc., USA) was used to analyze
the cell apoptosis rate.

Quantitative real-time polymerase chain reaction
(qQRT-PCR)

Total RNA was collected with TRIzol from neuronal cells (Takara,
Nanjing, Jiangsu, China) according to the experimental proce-
dure. And all processes were carried out on ice. After extract-
ing the RNA, the concentration of each sample was measured
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using an ultraviolet spectrophotometer. Then, cDNA was syn-
thesized by RNA using a reverse transcription kit (Vazyme,
Nanjing, Jiangsu) according to the instructions. The reaction con-
ditions were: 70°C for 5 minutes, 37°C for 5 minutes, and 42°C
for 60 minutes. Quantitative real-time polymerase chain reac-
tion (qRT-PCR) was performed by SYBR kit (Vazyme). The qPCR
transcription was performed using the following parameters:
95°C for 3 minutes, 40 cycles of 95°C for 30 seconds, 56°C for
30 seconds, and 72°C for 30 seconds. GAPDH served as an in-
ternal control for normalization.

Western blot assay

Total proteins were acquired by using radioimmunoprecipita-
tion assay (RIPA) lysis buffer (Solarbio, Beijing) containing pro-
tease inhibitor from neuronal cells. Cells were incubated with
lysis buffer for 30 minutes on ice and then the cells were re-
suspended with lysate. Cells were centrifuged at 12 000 rpm for
10 minutes at 4°C to collect the proteins and then the super-
natants were stored at -20°C. The protein concentration was
detected with BCA assay kit. 30 pg of protein was subjected to
SDS-PAGE electrophoresis and then transferred to PYDF mem-
brane (Millipore, Billerica, MA, USA). It was blocked at room
temperature with 5% fat-free powdered milk that was dis-
solved in TBS containing 0.1% Tween for 1.5 hours. The mem-
brane was incubated with primary antibodies at 4°C overnight.
Then it was incubated with HRP-conjugated secondary anti-
body at 4°C overnight. The protein band was visualized by en-
hanced chemiluminescence method (ECL, Millipore, Billerica,
MA, USA). GAPDH served as loading control for normalization.

Primary antibodies: anti-Bcl-2, anti-Bax, anti-p-AKT, and anti-
AKT were purchased from Cell Signaling Technology. Secondary
antibodies: goat anti-rabbit antibody was purchased from Cell
Signaling Technology.

Enzyme-linked immunosorbent assay (ELISA)

Enzyme-linked immunosorbent assay (ELISA) was performed
to examine the expression of tumor necrosis factor (TNF)-o
and interleukin (IL)-6 in the brain tissues of rats from different
groups. Specific ELISA kits were used to detect related mark-
ers expression according to the manufacturer’s instructions.

Statistical analysis

These data were presented as the mean + standard devia-
tion (SD) from at least 3 independent experiments. SPSS 18.0
(SPSS, Inc, Chicago, IL, USA) was used for statistical analysis.
The differences between groups were analyzed by Student’s
t-test. P<0.05 indicated statistically significant difference.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

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

€918772-3




ANIMAL STUDY

Yang ). et al.:
Naringin protects against cerebral infarction
© Med Sci Monit, 2020; 26: €918772

A? 100 B 40
é *% g
2 80 z
E #5307
= [=3
S 60 =
= £ 201
£ 40+ é
= =
g 204 % 10
E 3

Control  Sham  Model Model+ Model+ Control
vehicle naringin

Sham  Model Model+ Model+

N

X% *%

Neurological deficits scores
N
1

Sham  Model Model+ Model+
vehicle naringin

Control
vehicle naringin

Figure 1. Naringin relieved cerebral infarction in the rat model. (A) Brain edema assessment that the brain water content between
control group and rat model group. (B) Cerebral infarction volume was analyzed by Image) between control group and rat
model group. (C) Neurological deficit scores were counted between control group and rat model group. Data were presented
as mean+standard deviations. ** P<0.01 versus Control; ## P<0.01 versus Model.
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Figure 2. Naringin inhibited apoptosis of hippocampal neurons in cerebral infarction rats. (A) Flow cytometry analysis of the apoptosis
of nerve cells in the brain tissues of rats in different groups. (B) cell apoptosis rate was calculated and presented. Data were
presented as meansstandard deviation. ** P<0.01 versus Control; ## P<0.01 versus Model.

Results

Naringin relieved cerebral infarction in the body

To explore the effects of naringin on the rat model of cere-
bral infarction, we measured brain water content to evaluate
brain edema, and cerebral infarction volume and neurologi-
cal deficits were also measured. These results demonstrated
that in comparison with the control group, there were signifi-
cant increases in water content in brain tissue, cerebral infarct
volume, and neurological deficit scores in the model group.
And naringin pretreatment significantly reduced brain water
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content (Figure 1A), cerebral infarction volume (Figure 1B), and
neurological deficit scores (Figure 1C) compared with model
group. These results suggested that naringin relieved cerebral
infarction in a rat model.

Naringin inhibited apoptosis of hippocampal neurons in
cerebral infarction rats

Then, to determine the mechanism of the effect of naringin
on rats with cerebral infarction, we detected the apoptosis of
nerve cells in rat hippocampus by flow cytometry after reper-
fusion for 24 hours. These results demonstrated that the nerve
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Figure 3. Naringin suppressed the expression of tumor necrosis factor (TNF)-a and interleukin (IL)-6 in the brain tissue of middle
cerebral artery occlusion (MCAO) subjected rats. (A) Enzyme-linked immunosorbent assay (ELISA) assay was used to detect
the expression of TNF-o in the brain tissue of rats from different groups. (B) ELISA assay was used to detect the expression
of IL-6 in the brain tissue of rats from different groups. Data were presented as meanz+standard deviation. ** P<0.01 versus

Control; # P<0.01 versus Model.

cell apoptosis of the model group was significantly increased
(Figure 2A, 2B). However, naringin pretreatment significantly
reduced cell apoptosis.

Naringin inhibited the secretion of TNF-o. and IL-6 in
cerebral infarction rats

Next, we performed ELISA to detect the secretion of inflamma-
tory factors including TNF-o and IL-6 in cerebral infarction rats.
ELISA assay indicated that in comparison with the control group,
the secretion of TNF-o (Figure 3A) and IL-6 (Figure 3B) signifi-
cantly increased in the model group. While naringin pretreat-
ment significantly reduced the expression of TNF-a and IL-6.

Naringin increased nerve cell viability

Next, we studied the effect of naringin on neurons in vitro,
and oxygen-glucose deprivation (OGD) model was established.
Primary rat neuronal cells were pretreated with OGD (95%
N, and 5% CO,) for 24 hours, then different concentrations
of naringin was added to continue culture (95% N, and 5%
C0,) for 48 hours. Primary rat neuronal cells of control group
were cultured at 37°C with 5% CO,. MTT assay showed that
in comparison with the control group, neuronal cell viability
of OGD group was decreased (Figure 4A). And flow cytome-
try assay demonstrated that cell apoptosis was induced in the
OGD group (Figure 4B, 4C). Western blot assay and qRT-PCR
assay results showed that Bax was upregulated in the OGD
group (Figure 4D, 4E) and Bcl-2 expression was downregulated
(Figure 4D, 4F). However, naringin increased neuronal cell via-
bility in a concentration-dependent manner (Figure 4A), inhib-
ited cell apoptosis (Figure 4B, 4C), decreased Bax expression
(Figure 4D, 4E) and increased Bcl-2 expression (Figure 4D, 4F).

Naringin activated PI3K/AKT pathway in nerve cells

Finally, we further investigated the effect of naringin on crucial
protein expression in the PI3K/AKT pathway. Compared with
control group, p-AKT expression was decreased (Figure 5A),
and the ratio of p-AKT/AKT was significantly reduced in the
OGD group (Figure 5B). Naringin promoted p-AKT expression
in a dose-dependent manner at protein level (Figure 5A) and
improved the ratio of p-AKT/AKT (Figure 5B). AKT expression
was not significantly different between groups at both pro-
tein and mRNA levels (Figure 5A, 5C).

Discussion

In our research, firstly, we established a cerebral infarction
rat model. We found that compared with the sham group, the
brain water content was increased, and the cerebral infarction
volume and neurological deficits scores were increased in the
rat model group. Naringin pretreatment obviously reduced the
brain water content, the volume of cerebral infarction, and the
neurological deficit score. Then we found that the apoptosis
of nerve cell in rat hippocampus was distinctly increased in
the model group, and naringin inhibited cell apoptosis. In ad-
dition, naringin pretreatment decreased the secretion of IL-6
and TNF-a.. Next, we performed experiments in vitro. We estab-
lished an OGD model. We found that naringin increased neu-
ronal viability, inhibited apoptosis, and activated the expres-
sion of p-AKT protein in the PI3K/AKT pathway.

Acute cerebral infarction, also known as ischemic stroke, is the
sudden stop of blood circulation in the brain, causing a sudden
loss of the corresponding nerve function. Cerebral infarction has
a high mortality rate and poses a threat to human health [2].
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Figure 4. Naringin promoted cell viability and suppressed cell apoptosis in oxygen-glucose deprivation (OGD) induced neurons.

(A) MTT assay was used to detect cell viability when primary rat neuronal cells were pretreated with OGD (95% N, and 5%
CO,) for 24 hour and then treated with 6, 12, or 25 ug/mL naringin for 48 hours. (B). Flow cytometry assay was used to
detect cell apoptosis. (C) The cell apoptotic rate was calculated and presented. (D) Western blot analysis of Bax and Bcl-2
expression at protein level. (E, F) Quantitative real-time polymerase chain reaction assay was performed to measure the
relative expression of Bax and Bcl-2 at mRNA level. Data were presented as meanzstandard deviation ** P<0.01 versus
Control; #, # P<0.05, 0.01 versus OGD.
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(A) Western blot assay that the protein expression level of p-AKT and AKT. (B) The ratio of p-AKT/AKT was calculated and
expressed. (C) Quantitative real-time polymerase chain reaction assay was performed to measure the expression of AKT at
mRNA level. Data were presented as meanz+standard deviation. ** P<0.01 versus Control; #, # P<0.05, 0.01 versus OGD.

At present, the treatment of cerebral infarction is mainly medi-
cal treatment. Traditional Chinese medicine is a unique culture
in China and can slowly condition the body to achieve good
results. Previous research reported that Danshen and Sophora
japonica flowers could treat vascular disease. Lao et al. showed
that Salvia miltiorrhiza treated cerebral infarction by reduc-
ing the volume of infarction [15]. Sophora japonica and Salvia
miltiorrhiza have similar mechanisms for the treatment of ce-
rebral infarction. Sophora japonica reduced inflammation by
inhibiting the release of the pro-inflammatory factor IL-1p and
prevented the death of nerve cells [16,17]. Dong et al. dem-
onstrated that tanshinone has neuroprotective effects on fo-
cal cerebral ischemia and the injury of local cerebral isch-
emia/reperfusion in mice [18]. In our study, we explored the
role and specific mechanisms of naringin in the treatment of
cerebral infarction.

Naringin is a major component of citrus fruits, especially
grapefruit. An increasing evidence showed that naringin and
its metabolite naringenin have a variety of biological activi-
ties such as anti-hyperglycemia, anti-inflammatory, anti-oxi-
dant, and anti-hyperlipidemic effects [19-23]. In addition,
it has been reported that naringin could protect cardiovascular
in animal models by preserving endothelial function, enhanc-
ing NO bioavailability, and reducing oxidative stress [20,24].
In our study, we established a rat model of cerebral infarc-
tion and found that injection of naringin can alleviate cerebral

infarction by assessing various indicators related to cerebral
infarction such as cerebral edema, cerebral infarction volume,
and neurological deficit.

Previous studies have shown that apoptosis and secretion of
inflammatory factors are key indicators for assessing cerebral
infarction [25]. Our data showed that naringin reduced cell
apoptosis and the expression of IL-6 and TNF-a. Bcl-2 and Bax,
apoptosis-related proteins, played an important regulatory role
in cell apoptosis [26]. It has been reported that Bcl-2/Bax ra-
tios are vital for regulating cell proliferation and death [26,27].
Naringin increased the expression of Bcl-2 and decreased the
expression of Bax. Finally, we found that naringin activates
PI3K/AKT pathway in nerve cells.

Conclusions

The data indicated that naringin played a protective role in ce-
rebral infarction through suppressing neuronal cell apoptosis
and inflammatory response. Naringin is a potential agent for
the treatment of cerebral infarction.
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