MEDIC.
SCIEN (R

L

MONITOR

Received: 2018.05.21
Accepted: 2018.11.02
Published: 2019.03.25

Authors’ Contribution: ABCEF
Study Design A AEG
Data Collection B
Statistical Analysis C ABCEF
Data Interpretation D BCD
Manuscript Preparation E BCD
Literature Search F
Funds Collection G BC
B
ABCD

Corresponding Author:
Source of support:

L I R R R

CLINICAL RESEARCH

e-ISSN 1643-3750
© Med Sci Monit, 2019; 25: 2186-2194
DOI: 10.12659/MSM.911250

Neuro-Protective Role of Metformin in Patients
with Acute Stroke and Type 2 Diabetes Mellitus
via AMPK/Mammalian Target of Rapamycin

(mTOR) Signaling Pathway and Oxidative Stress

Min Zhao*
Xiao Wan Li*
De Z. Chen
Fang Hao
Shu X. Tao
Hai Yan Yu
Rui Cheng
Hong Liu

1 Department of Neurology, Liaocheng People’s Hospital, Liaocheng, Shandong,
P.R. China
2 Government Clinics of Liaocheng, Liaocheng, Shandong, P.R. China

* Min Zhao and Xiao Wan Li contributed equally
Xiao Wan Li, e-mail: lixiaowan1970@sina.com
Departmental sources

Background:

Material/Methods:

Results:

Conclusions:

MeSH Keywords:

Full-text PDF:

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

We investigated the effects of metformin on neurological function and oxidative stress in patients with type 2
diabetes mellitus with acute stroke.

We randomly assigned 80 acute stroke patients to 2 groups: the metformin combined group and the insulin
group. Each group had 40 patients and all were treated with standard stroke treatment. The indexes of ner-
vous functional score and oxidative stress were measured before and 2 weeks after treatment. The primary fe-
tal rat hippocampal neurons were gradually matured after 7 days of culture, and divided into the control group
(Con), the oxygen-glucose deprivation model group (Mod), and the metformin group (Met). In the Met group,
10 mmol/L metformin was added, and the Con group and the Mod group received equal volumes of cell cul-
ture fluid. Cell viability, cell apoptosis rate, and the expression of Bax, Bcl-2, AMPK, pAMPK and mTOR were de-
tected; MDA content and SOD activity were also detected.

Before treatment, there was no difference in the metrical indexes between the 2 groups. After treatment, the
treatment group was better than the control group in neurological function scores and multiple oxidative stress-
related indicators. The experimental results of primary fetal rat hippocampal neuronal cells suggest that this
mechanism of improvement is closely related to the AMPK/mTOR signaling pathway.

Metformin can improve the neurological function and oxidative stress status of acute stroke patients with
type 2 diabetes, and its mechanism may be related to the AMPK/mTOR signaling pathway and oxidative stress.
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Background
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Clinical Data

Stroke is a leading cause of death and disability globally,
with 69% of all strokes experienced among people in low-
and middle-income countries (LMIC). China is the most pop-
ulous LMIC and acute stroke the leading cerebrovascular dis-
ease. Among stroke survivors, 70-80% are living with varying
degrees of neurological impairment, and stroke is associated
with high mortality and disability [1]. The incidence of acute
stroke is increasing year by year, which brings a heavy bur-
den to families and society. The occurrence of acute stroke
has a close relationship with atherosclerosis, hemorheological
changes, inflammatory state, oxidative stress, and many other
factors. Neuronal cell death is the main injury caused by stroke,
and its mechanism is by oxidative stress, inflammation, isch-
emia, hypoxia, calcium ion dysregulation, and apoptosis [2,3].

Metformin is a clinically common first-line agent for the treat-
ment of type 2 diabetes. Researchers have shown that long-
term metformin treatment can reduce the risk of dementia and
stroke, and improve the mild cognitive impairment in type 2
diabetes, and metformin may be a potential therapeutic drug
for stroke [4-7]. AMPK (adenosine monophosphate-activated
protein kinase) is an important serine/threonine protein kinase,
and is an upstream regulator of key enzymes in oxide synthe-
sis and fat metabolism. Cell energy loss induces an increase in
AMP/ATP ratio, which can directly activate AMPK. This process
can transform cells from anabolic to catabolic mode, regulate
energy metabolism by promoting glycolysis and fatty acid ox-
idation, and prevent gluconeogenesis [8,9]. The AMPK/mTOR
(mammalian target of rapamycin) signaling pathway plays an
important role in cell proliferation, survival, apoptosis, glucose
metabolism, gene transcription, and cell migration [10,11].
Animal experiments have confirmed that metformin influences
the formation of beta amyloid protein in dementia model rat
neural cells, reduces apoptosis of neurons in rats, and improve
memory function of dementia rats through the AMPK/mTOR
signaling pathway. Metformin can reduce the area of cerebral
infarction and reduce neuronal apoptosis in rats with cerebral
ischemia, which is related to the AMPK signaling pathway and
the decreased level of oxidative stress [12,13].

The aim of this study was to investigate the potential neu-
roprotective effects of metformin and explore the possible
mechanisms involved in the primary fetal rat hippocampal
neurons deprived of oxygen and glucose (in vitro model of
stroke). We also investigated the effect of metformin on the
functional level of patients following acute stroke combined
with type 2 diabetes.

Research objects

From January 2014 to December 2016, 80 cases of newly diag-
nosed acute stroke combined with type 2 diabetes mellitus in
our hospital were enrolled in the study, including 46 males and
34 females, with an average age of 58.2+14.6 years. They were
randomly divided into 2 groups — a metformin combined with
insulin treatment group and an insulin treatment group — with
40 cases in each group. There was no significant difference in
gender, age, time from onset to visiting, or number of coronary
heart disease cases in the 2 groups before treatment (P>0.05).

Criteria for the admission of cases: (1) all patients were di-
agnosed with acute ischemic cerebral stroke according to the
“China Guidelines for Cerebral Vascular Disease”; (2) patients
with first acute stroke were diagnosed by head CT or MRI;
(3) patients were diagnosed with type 2 diabetes, with
fasting blood glucose >7 mmol/L or random blood glucose
>11.1mmol/L; (4) patients were in stable condition, without
serious complications such as liver or kidney dysfunction, myo-
cardial infarction, heart failure, respiratory failure, or pulmo-
nary infection; (5) no cerebral hemorrhage; and (6) the patient
and family members volunteered to participate in this study,
and the compliance was good. This study was approved by the
Ethics Committee of our institute, and all patients signed in-
formed consent before treatment.

Other exclusion factors included presence of: (1) severe liver,
cardiovascular, hematopoietic system, urinary system diseases,
or tumors; (2) acute or chronic infections; and (3) mental dis-
orders and other incompatible patients.

Other exclusion factors included presence of acute or chronic
infection, severe cardiovascular and cerebrovascular events,
and other serious complications or adverse reactions during
the study period. Subjects were free to withdraw from this
study at any time.

Material and methods

All patients with acute stroke were immediately treatment with
standard treatment after hospitalization, including antiplatelet,
anticoagulation, thrombolysis, control of blood pressure, lipid,
dehydration reducing intracranial pressure, protection of brain
cells, and nerve nutrition, and dietary therapy was carried out
according to the diabetes diet. The insulin group was treatment
with insulin aspart (NovoRapid R, Novo Nordisk Pharmaceutical,
China) subcutaneous injection before the meal, combined with
Isophane Protamine Biosynthetic Human Insulin Injection be-
fore bedtime (Novolin N, Novo Nordisk Pharmaceutical, China).
In the metformin combination treatment group, we added
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metformin on the basis of the treatment plan of the control
group, at 500 mg 3 times a day (Gehua Zhi, Sino-US Shanghai
Squibb Pharmaceutical Co.). The dosage of insulin and met-
formin was adjusted according to the levels of blood glucose.
The duration of treatment was 2 weeks.

Assessments

The following indexes were measured at the end of the 2 weeks
before and after the treatment: (1) the nerve function index:
Comprehensive assessment was based on the Mini-Mental
State Examination (MMSE), National Institutes of Health Stroke
Scale (NIHSS), and daily life ability scale (Activities of Daily
Living, ADL). (2) Oxidative stress related indicators: Microplate
method for the detection of malondialdehyde (MDA), colori-
metric method for measuring glutathione peroxidase (GSH-PX)
and superoxide dismutase (SOD), the malondialdehyde test kit
(A003), the glutathione peroxidase test kit (A005), and the su-
peroxide dismutase kit (A001) were purchased from Nanjing
Jiancheng Biotechnology Co. and used strictly in accordance
with the instructions.

Basic Research

Materials and methods

In the animal experiment, SD rats pregnant for 17 days were
purchased from Beijing Weitong Lihua Co.

Main reagents were: DMEM medium, Neurobasal medium,
fetal bovine serum (FBS), horse serum, B27 medium addi-
tive, pancreatin, penicillin, and streptomycin were purchased
from Gibco USA. 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2-H-tetrazolium bromide (MTT), poly-L-lysine, DMSO, bovine
serum albumin, metformin and TUNEL kit were purchased
from Sigma USA. B cell lymphoma/leukemia protein -2 gene
(Bcl-2), Bcl-2-associated X protein gene protein (Bcl-2 X), AMPK,
phosphorylation pAMPK, rapamycin (mammalian target of
rapamycin, mTOR) and rabbit polyclonal antibody were pur-
chased from the Abcam USA. Rat polyclonal antibody of B-actin,
second antibody of goat anti-rabbit and goat anti-mouse were
bought from Zhonghua Jingiao Co., China. Caspase-3 activ-
ity assay kits and protein assay kits were purchased from
Beijing Pulilai Company, China. ECL chemiluminescence kits
were purchased from Millipore USA. The MDA and SOD Kkits
were purchased from the Nanjing Jiancheng Bioengineering
Institute in China.

Primary neuronal cell culture

Animal experiments were approved by the local animal ethics
committee. The primary fetal rat hippocampal neurons were
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derived from the embryos of 17-days pregnant SD rats. An ana-
tomic microscope was used to dissect the hippocampus of rats
and put it into the Hank ‘s balanced salt solution. The primary
fetal rat hippocampal tissue was digested with 0.25% trypsin
at 37°C for 18 min, then oscillated 2~3 times. The digestion
phase was stopped by DMEM culture solution containing 10%
FBS. The cell suspension was then obtained by repeating as-
pirations through a Pasteur pipette following centrifugation
at 1500xg for 5 min. The cells were cultured in plates coated
with poly-L-lysine (0.1 g/L) with a density of 1x10°/mL. The
cultures were maintained in a humidified incubator with 5%
CO, at 37°C. Penicillin 100U/mL, streptomycin 100U/mL, 10%
FBS, and 10% horse serum were added into the culture solu-
tion. After 24 h, the total amount of liquid was changed into
Neurobasal+B27 serum-free culture system (sugar concen-
tration 25 mmol/L), and this medium was subsequently half-
changed every 3 days. The neuronal cells were used for ex-
periment at 7 days.

The primary fetal rat hippocampal neurons, gradually matured
after 7 days of culture, were used for cell experiments. The ex-
perimental group was divided into the control group (Con), the
oxygen-glucose deprivation model group (Mod), and the met-
formin group (Met). On the seventh day of cell culture, met-
formin was diluted with culture medium, and for the metfor-
min group we added metformin with the final concentration
of 10 mmol/L, while in the control group and model group we
added equal volumes of culture medium. The model group and
the metformin group were then subjected to oxygen-glucose
deprivation for 1 h, but the control group was not.

Oxygen-glucose deprivation treatment of primary fetal rat
hippocampal neuron cells

The media in both model and metformin groups were carefully
removed, washed with PBS 3 times, and transferred into glu-
cose-free DMEM medium, then the cultured cells were trans-
ferred to a hypoxic incubator chamber containing 5% CO,
and 95% N, at 37°C for 1 h. After the medium was removed,
neurons were exposed to normal growth conditions at 37°C
in a humidified incubator with 5% CO, and 95% air for an ad-
ditional 24 h.

Morphological study of hippocampal neurons

The cell growth was observed under a microscope (Leica,
Germany).

MTT detection of survival rate
Neuronal cells activity was measured using the MTT method. We

added 0.5 mg/mL MTT to each well and incubated for 4 h, then
the liquid was discarded. 150pL DMSO was added to each well,
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and was shocked for 10 min. The enzyme absorbance (OD)
was measured at 570 nm. The cell survival rate=(the average
value of OD in the experimental group/the mean value of the
OD in the control group)x100%.

TUNEL detection of apoptosis rate

The primary fetal rat hippocampal neuronal cells were placed
24-well clusters with a density of 5x10* cells/well, with cover-
slip coated by poly-L-lysine in the bottom for drug treatment
and the treatment of oxygen-glucose deprivation. TUNEL and
PI staining were carried out according to the TUNEL kit instruc-
tions. After PBS scrubbing, the morphology of the cells was
observed by fluorescence microscope. Cells were counted in
20 fields of vision, selected randomly. We estimated the per-
centage of apoptotic cells using the following ratio: number
of apoptotic cells/total cell numberx100%.

Western blot assay of proteins related to apoptotic
pathway (AMPK/pAMPK/mTOR/BAX/Bcl-2)

The primary fetal rat hippocampal neurons cells were placed
a culture flask, and after the treatment with drugs and oxygen-
glucose deprivation, cells were collected and trypsinized. The
protein quantitative kit was used for protein quantification,
and equivalent amounts of protein were separated on 12%
SDS-polyacrylamide gels and transferred to PYDF membranes.
Membranes were incubated with TBS containing 5% nonfat
dry milk to block nonspecific binding overnight at 4°C, and
were incubated with antibodies against BAX, BCL-2, AMPK,
pAMPK, and mTOR at room temperature for 2 h. After being
washed with TBST 3 times for 10 min each time, membranes
were incubated with secondary antibodies at room tempera-
ture for 2 h. Membranes were washed with TBST 3 times for
15 min each time. The membranes were subsequently incubated
for 2-3 min by adding ECL chemical luminescent working so-
lution, and exposed.

Oxidative stress response markers (MDA, SOD) evaluation

The primary fetal rat hippocampal neurons cells were placed 6-well
plates. After the treatment of drugs and oxygen-glucose depriva-
tion, the cells were digested by trypsin. The cells were broken by
ultrasound (300W, broken 25 s, and intermittent 25 s). After cen-
trifugation and collection of supernatants, the MDA and SOD were
detected by the kit provided by Nanjing Institute of Bioengineering
using a blood gas analyzer (Analog Devices, Inc., USA), and the
protein content was determined by Bradford method.

Statistical analysis

Data processing was performed using SPSS 18.0 statistical soft-
ware. The statistical data with normal distribution are expressed

CLINICAL RESEARCH

as mean +SD. Comparison before and after treatment and the
comparison between the 2 groups were performed by t test.
The normally distributed data were subjected to multiple com-
parisons by Tukey’s method in one-way ANOVA. P<0.05 was
considered statistically significant (the confidence level was
set up at 95%), and P<0.01 was statistically significant (the
confidence level was set up at 99%).

Results

Neurological assessment of patients

We estimated the effect of metformin on neurological func-
tion in patients with acute stroke complicated with type 2
diabetes. As shown in Table 1, there was no significant dif-
ference between the 2 groups before treatment in MMSE,
NIHSS, and ADL scores (P>0.05). After 2 weeks of treatment,
the MMSE and ADL scores of the patients in the 2 groups in-
creased significantly, while the NIHSS scores decreased signif-
icantly. Compared with those before treatment, the difference
between the 2 groups was statistically significant (P<0.05).
Moreover, when comparing the metformin combined treatment
group with the insulin group, MMSE and ADL were increased
and NIHSS was decreased significantly (P<0.05).

Oxidative stress index in patients

We estimated the effect of metformin on oxidative stress in
patients with acute stroke complicated with type 2 diabetes.
According to Table 2, there was no significant difference in
malondialdehyde (MDA), glutathione peroxidase (GSH-PX)
and superoxide dismutase (SOD) between the 2 groups before
treatment (P>0.05). After 2 weeks of treatment in patients of
the 2 groups, malondialdehyde (MDA) decreased significantly,
glutathione peroxidase (GSH-PX) and superoxide dismutase
(SOD) increased significantly, compared with before treatment
(P<0.05). Compared to the insulin group, the levels of MDA, SOD,
and GSH-PX significantly decreased in the metformin group.

The effect of metformin on hippocampal neurons
morphology

The effect of metformin on the morphology of the primary fetal
rat hippocampal neurons in oxygen deprivation was observed.
In the oxygen-glucose deprivation model group, many of the
primary fetal rat hippocampal neurons showed apoptosis, ne-
crosis, cell contraction, and limited growth. The metformin
group had partial necrosis and apoptosis of the primary fetal
rat hippocampal neuron cells, which was lower than in the ox-
ygen-glucose deprivation model group (Figure 1).
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Table 1. Effect of metformin on oxidative stress in patients with acute stroke complicated with type 2 diabetes (n=40).

MMSE score NIHSS score ADL score

Before
treatment

Before
treatment

Before
treatment

treatment

Metformin combination

treatment group 22.18+1.93 25.16+2.16%° 19.66+8.48 7.4+4.72% 26.45+9.19 63.86+12.20%
Cnsuingoup 2216196 23156195 19724792 1064562 268261028 441581327
Ctvale os87 g6 083 655 o718 8382
CPvale 0465 <0001 0341 <001 0432 <0001

a — Compared with before treatment, P<0.05, the difference was statistically significant; b — compared with the control group, P<0.05,
the difference was statistically significant.

Table 2. Effect of metformin on oxidative stress in patients with acute cerebral stroke and type 2 diabetes (n=40).

MDA (umol/L)

GSH-PX (U/L)

Before
treatment

Before
treatment

Before
treatment

treatment treatment

Metformin combination

treatment group 4.95+0.96 2.23+0.74% 27.4619.18 36.7249.922° 155.4+24.7 188.2+20.1%
Cinsuingoup 4975087  329s08F 27324892 31814897 15362268 16438278
Ctvalwe w2 s 052 7206 031 734
CPvale 0286 <0001 0637 <0001 0.79% <001

a — Compared with before treatment, P<0.05, the difference was statistically significant; b — compared with the control group, P<0.05,

the difference was statistically significant.

The effect of metformin on survival rate in the
hippocampal cell culture

MTT assay was used to observe the effect of metformin on the
survival rate of the primary fetal rat hippocampal neurons in-
duced by oxygen-glucose deprivation. The survival rate of the
primary fetal rat hippocampal neurons in the control group
was 100%, while the survival rate of the primary fetal rat hip-
pocampal neurons in the oxygen-glucose deprivation group
was 38.7+5.24%, and the survival rate in the metformin group
was 72.3+7.26%. The survival rate of the oxygen-glucose de-
privation group was significantly lower than that of the con-
trol group (P<0.01). The survival rate of the metformin group
was significantly higher than that of the oxygen-glucose de-
privation group (P<0.01) (Figure 2).

The effect of metformin on the apoptosis rate in the
hippocampal cell culture

The effect of metformin on the apoptosis rate of the primary
fetal rat hippocampal neurons in oxygen-glucose deprivation
was observed by TUNEL staining. The TUNEL-positive cells
were stained green, DAPI staining was blue, and the number
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of TUNEL-positive cells divided by the number of DAPI staining
was the rate of apoptosis. The apoptosis rate of the control
group was 1.1+0.3%, the rate of apoptosis in the model group
was 72+4.8%, and the rate of apoptosis in the metformin group
was 33+5.9%. The apoptotic rate in the model group was sig-
nificantly higher than that in the control group (P<0.01), and
the apoptosis rate in metformin group was significantly lower
than that in the model group (P<0.01) (Figure 3).

The effect of metformin on apoptotic pathway in the
hippocampal cell culture

The effect of metformin on the AMPK/mTOR signaling path-
way and apoptotic protein in the primary fetal rat hippocam-
pal neurons induced by oxygen-glucose deprivation was ob-
served. The expression of AMPK, pAMPK, and Bax in the model
group increased significantly compared with the control group,
and the expression of mTOR and Bcl-2 in the model group was
significantly lower than that in the control group (P<0.05). The
expression of AMPK, pAMPK, and Bax in metformin group was
significantly lower than that in the model group, and the ex-
pression of mTOR and Bcl-2 in the metformin group was signif-
icantly higher than that in the model group (P<0.05) (Figure 4).
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Figure 1. The morphological observation of the primary fetal rat hippocampal neurons in each group (x200). (A: Control group;
B: Model group; C: Metformin group).

Figure 2. The effect of metformin on the survival rate of the
primary fetal rat hippocampal neurons under oxygen-
glucose deprivation. (** P<0.01 compared with the
control group, there was a statistically significant
difference; # P<0.01 compared with the model group,

80 the difference was statistically significant).

60
*%

40 The effect of metformin on oxidative stress response in

2 the hippocampal cell culture

0 Hod et The MDA content in the model group was significantly higher
0 e

con than that in the control group (P<0.05). The MDA content
in metformin group was significantly lower than that in the
model group (P<0.05). SOD activity in the model group was

120 & Survival rate

H

100
*xi#

Survival rate (%)

TUNEL DAPI Merge

90 A Apoptosis rate
80 *%

Figure 3. Effect of metformin on the apoptotic rate of the primary fetal rat hippocampal neurons under oxygen-glucose deprivation.
(TUNEL-stained green cells showed apoptosis-positive cells, DAPI-stained blue as nucleated cells, Merge stained with TUNEL
and DAPI. Apoptosis rate comparison: ** P<0.01 compared with control group, the difference was statistically significant;

#* compared with the model group P<0.01, the difference was statistically significant).
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Figure 4. Effect of metformin on the expression of protein in the primary fetal rat hippocampal neurons under oxygen-glucose
deprivation. (** P<0.01 compared with the control group, the difference was statistically significant; # compared with the
model group P<0.01, the difference was statistically significant).
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Figure 5. Effect of metformin on MDA and SOD in the primary fetal rat hippocampal neurons under oxygen-glucose deprivation.
(** P<0.01 compared with the control group, the difference was statistically significant; # compared with the model group

P<0.01, the difference was statistically significant).

significantly lower than that in the control group (P<0.05). The
SOD activity in metformin group was significantly higher than
that in the model group (P<0.05) (Figure 5).

Discussion

Metformin is a clinically common first-line agent for the treat-
ment of type 2 diabetes, which can reduce insulin resistance,
reduce liver glycogen formation, promote the use of periph-
eral glucose, and then effectively control blood glucose levels.
A number of epidemiological studies have shown that long-
term metformin treatment in type 2 diabetes can reduce the
risk and the severity of cerebrovascular disease [5,6,14-16].
A number of basic studies have shown that the use of met-
formin to pre-treat cerebral ischemia in rats can reduce the

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

area of cerebral infarction, reduce neuronal apoptosis, and im-
prove neurological deficits [14,17]. The use of metformin after
cerebral ischemia in rats can reduce blood-brain barrier dam-
age and improve cognitive function [12,13]. The present study
shows that, compared with insulin alone, patients with type 2
diabetes treatment with metformin combined with insulin
treatment had significantly higher MMSE and ADL scores, but
NIHSS scores decreased significantly, which shows that met-
formin can improve the neurological deficit and improve cogni-
tive function in patients with acute stroke with type 2 diabetes.

To demonstrate the mechanism underlying the neuroprotec-
tive effects of metformin, fetal rat hippocampal neuronal cell
culture was used to study the molecular mechanism. Oxygen-
glucose deprivation of the primary fetal rat hippocampal neu-
rons can mimic the process of ischemic stroke at the cellular
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level [18], and our study showed that the apoptotic rate of
the primary fetal rat hippocampal neurons in the metformin
group was significantly lower than that in the oxygen-glucose
deprivation model group, and the survival rate was signifi-
cantly increased (P<0.01), indicating that metformin has neu-
roprotective effects on oxygen deprived primary fetal rat hip-
pocampal neurons.

In patients with acute brain injury due to cerebral ischemia
and hypoxia, the brain tissue exhibits a high level of oxidative
stress, which induces the production of free radicals and in-
flammatory factors, further aggravating the damage of brain
tissue and nerve cells [19,20]. MDA, SOD, and GSH-PX are all
markers of oxidative stress, and MDA is the end-product of lipid
peroxidation. SOD is a metalloenzyme that scavenges oxygen
free radicals, GSH-PX is an antioxidant that blocks the cascade
of oxidative stress systems and scavenges oxygen free radi-
cals, MDA, and SOD, and GSH-PX reflects the level of oxida-
tive stress in the body [2,21,22]. The clinical trials in this study
showed that serum MDA levels were significantly decreased in
patients with acute stroke treated with metformin combined
with insulin, and SOD activity and GSH-PX levels were signifi-
cantly increased; the basic experiment also reached the same
conclusion. This indicates that metformin can improve neu-
rological function by reducing the level of oxidative stress.

AMPK is a serine/threonine protein kinase that acts as an en-
ergy receptor and is involved in many physiological processes
such as cell growth, metabolism, and apoptosis. Research
shows that metformin can reduce brain tissue inflamma-
tion through the AMPK pathway, and reduce the production
of inflammatory cytokines, thereby reducing damage to the
blood-brain barrier and promoting nerve repair [14,23-25].
The present study shows that metformin can improve apop-
tosis of the primary fetal rat hippocampal neurons induced
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by oxygen-glucose deprivation. After metformin treatment,
the expression of AMPK, pAMPK, and Bax was significantly
decreased, and the expression of mTOR and Bcl-2 was signifi-
cantly increased. This suggests that metformin inhibits apop-
tosis of the primary fetal rat hippocampal neurons through the
AMPK/mTOR signaling pathway, and then plays a neuropro-
tective role. This study agrees with other studies [5] showing
that metformin has neuroprotective effects on stroke in rats,
and may be related to oxidative stress, endothelial nitric ox-
ide synthase activation, angiogenesis, and autophagy [26-29].

Metformin may be able to promote angiogenesis and neuro-
nal regeneration in the brain. Metformin was used to intervene
in the model of cerebral ischemia in mice, and the density of
neovascularization in the cerebral ischemic area was signifi-
cantly increased, and the neuronal cells showed obvious re-
generation, which actively promoted nerve repair [26-32]. The
present study demonstrates that metformin may play a neu-
roprotective role through the AMPK/mTOR signaling pathway
and oxidative stress. However, further studies on animal vas-
cular regeneration, nerve cell regeneration, and other possi-
ble mechanisms are needed.

Conclusions

In summary, metformin can improve neurological function and
oxidative stress in patients with acute stroke and type 2 dia-
betes, and its mechanism may be related to the AMPK/mTOR
signaling pathway and oxidative stress.
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