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Abstract
Background. Ischemic encephalopathy is a common clinical disease. The main treatment goal is to achieve 
vascular recanalization. However, after vascular recanalization, the reperfusion of fresh blood can change local 
cell metabolism, thus adversely affecting cell structure and function, which can result in reperfusion injury.

Objectives. To explore the effect of matrine intervention of different concentrations on JAK2/STAT3 signaling 
pathway and brain protection in rats with cerebral ischemia-reperfusion.

Material and methods. Healthy male Sprague Dawley rats were divided into a blank control group 
(20 rats), a model group (80 rats) and a sham group (20 rats). In the model group, the middle cerebral 
artery was occluded with suture method to establish cerebral ischemia-reperfusion model rats, which were 
subdivided into cerebral ischemia-reperfusion group, and 5, 10 and 20 mg/kg matrine groups, with 20 rats 
in each group. Indicators including neurological function score, brain infarct size, brain water content, lactic 
dehydrogenase activity, protein expressions of p-JAK2 and p-STAT3, as well as superoxide dismutase activity 
and malondialdehyde content were evaluated.

Results. Compared with cerebral ischemia-reperfusion group, all the indicators were significantly im-
proved in the 3 matrine treatment groups in a dose-dependent manner, and protein expressions of p-JAK2 
and p-STAT3 in the brain tissue and brain cell apoptosis rate were decreased with the increase of matrine 
concentration (all p < 0.05).

Conclusions. Matrine can significantly ameliorate the neurological function and brain edema of rats with 
cerebral ischemia-reperfusion, and improve superoxide dismutase, malondialdehyde and lactic dehydrogenase 
levels in the brain tissue and brain cell apoptosis rate. The mechanism of matrine may be related to the inhibi-
tion of abnormal JAK2/STAT3 signaling pathway activation.

Key words: ischemia-reperfusion injury, motor function, JAK2/STAT3 signaling pathway, neurological 
function, matrine cerebral
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Introduction

Reperfusion injury is common in ischemic encephalopa-
thy.1,2 After the occurrence of cerebral ischemia-reperfu-
sion, brain cells will gradually die in the form of apoptosis; 
the occurrence of cerebral ischemia-reperfusion also leads 
to neuron necrosis and neurological deficit.3,4

Matrine is a kind of monomeric compound extracted 
from Sophora flavescens, a legume plant. It not only has 
anti-tumor and anti-oxidation effect, but also protects 
the cardiocerebral vascular system from injuries to some 
extent.5,6 A previous study in rats has revealed that matrine 
can suppress myocardial injury induced by septic shock 
by inhibiting JAK2/STAT3 signaling pathway activation.7 
As for the effect of matrine on cerebral ischemia-reperfu-
sion, some studies suggested that matrine could exert a pro-
tective effect on neurons of rats with cerebral ischemia-
reperfusion by activating cannabinoid receptor type 2.8

Janus kinase –  signal transducer and activator tran-
scription (JAK/STAT) signaling pathway is closely related 
to the occurrence of cerebral ischemia-reperfusion injury.9 
A recent study has shown that the  inhibition of  JAK2/
STAT3 signaling pathway activation can inhibit neuron 
apoptosis, thereby alleviating cerebral ischemia-reperfusion 
injury.10 However, there is no report on whether matrine 
could protect brain damage through JAK2/STAT3 signal-
ing pathway in cerebral ischemia-reperfusion rat models.

Therefore, to further explore the neuroprotective ef-
fect of matrine in cerebral ischemia-reperfusion and its 
potential regulatory mechanism, we investigated the effect 
of different concentrations of matrine on JAK2/STAT3 
signaling pathway in cerebral ischemia-reperfusion rat 
models.

Material and methods

Animals and material

A total of 120 healthy male SD rats, aged 8 weeks and 
weighed 170.68 ±7.39 g, were obtained from the Labora-
tory Animal Center of Hebei Medical University (certifi-
cate No. 712065). Rats were housed in a plastic case with 
bedding on the solid bottom at a constant temperature 
of 22°C and a relative humidity of 50~65% in a normal 
day and night circle of 12/12 h. Rats were provided free 
access to food and water. The operation in the modeling 
process conformed to the standards of the Experimental 
Animal Ethics Committee of our hospital, by which this 
study was approved.

Matrine was purchased from the Ningxia Zijinhua Phar-
maceutical Co., Ltd., Wuzhong, China (batch No. 90161019; 
purity ≥99%). The 0.9% sodium chloride injection was pur-
chased from the Hunan Kelun Pharmaceutical Co., Ltd., 
Chengdu, China (batch No. 2A16030602). TUNEL apop-
tosis detection kit was purchased from the Wuhan Boster 

Biological Technology Co., Ltd., Wuhan, China (batch 
No. BAO621). Primary antibodies JAK2, p-JAK2, STAT3, 
p-STAT3 and β-actin were purchased from the Shanghai 
Anyan Trade Co., Ltd., Shanghai, China. Goat anti-rab-
bit secondary antibody was purchased from the Abcam 
(Shanghai, China) Trade Co., Ltd., China (1:2,000, batch 
No. ab6721). Paraffin embedding center and rotary mi-
crotome were purchased from the Leica Biosystems Inc., 
Wetzlar, Germany. Optical microscope and microscope 
imaging analysis system were purchased from the Olym-
pus Optical Co., Ltd., Tokyo, Japan. Lactic dehydrogenase 
(LDH), superoxide dismutase (SOD) and malondialdehyde 
(MDA) detection kits were purchased from the Wuhan 
MSK Biotechnology Co., Ltd., Wuhan, China.

Modeling

Rats were divided into a model group (80 rats), a sham 
group (20 rats) and a blank control group (20 rats). Rats 
in the blank control group were fed routinely without 
intervention. Rats in the model group were used to es-
tablish the  model of  cerebral ischemia-reperfusion. 
The specific modeling process was as follows. Rats were 
firstly anesthetized with 3 mL/kg 10% chloral hydrate. 
Then, the anesthetized rats were fixed on the operating 
table in the supine position. After routine skin prepara-
tion and disinfection, the skin was cut open lengthways 
through the middle of the neck, and the common carotid 
artery, external carotid artery and internal carotid ar-
tery were separated. Then, the common carotid artery 
and internal carotid artery were occluded using silk 
sutures. A small incision was cut on the wall of the ex-
ternal carotid artery at 3 mm from the arterial inter-
section. A nylon thread was inserted into the incision 
and pushed slowly towards the internal carotid artery 
until encountering resistance at a push-in depth of about 
20 mm. At this moment, the nylon thread reached into 
the anterior cerebral artery and blocked the blood sup-
ply to  the middle cerebral artery. Then, the external 
carotid artery was tightened, and the skin was sutured. 
Two hours later, the nylon thread was pulled outwards 
to the external carotid artery to develop cerebral isch-
emia-reperfusion. After the rats were revived, they were 
sent back to the cage for continuous feeding. Rats that 
walked towards the contralateral side or circled to their 
tails after operation indicated successful modeling. 
In the sham group, the artery of the rat was separated 
only without subsequent artery ligation, nylon thread 
insertion, etc., and other procedures, such as skin suture, 
were the same as in the model group.

Rats in the model group were subdivided into cerebral 
ischemia-reperfusion group, 5  mg/kg matrine group, 
10 mg/kg matrine group, and 20 mg/kg matrine group, 
with 20 rats in each group. In the 3 matrine groups, ma-
trine solutions (concentrations of 5 mg/kg, 10 mg/kg and 
20 mg/kg) were intraperitoneally injected into the rats 
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30 min before ischemia and 2 h after ischemia.11 Rats 
in the cerebral ischemia-reperfusion group, the sham group 
and the blank control group were intraperitoneally injected 
with the same amount of normal saline at same time points.

Neurological function scoring

Neurological function was scored by Longa method 
24 h after operation.12 Detailed scoring rules were as fol-
lows: no neurological function deficit was scored as 0; 
mild neurological function deficit (contralateral fore limbs 
could not be fully outstretched) was scored as 1; moderate 
neurological function deficit (rats circled to the contra-
lateral side) was scored as 2; severe neurological function 
deficit (rats toppled towards the contralateral side) was 
scored as 3; the symptom that rats could not walk and had 
clouding of consciousness was scored as 4.

Brain infarct size calculation

After neurological function evaluation, 5 rats were ran-
domly selected and euthanatized by cervical dislocation. 
The brain tissue was taken out and frozen in a refrigerator 
at –20°C for 10 min. The infarct area was cut into sections 
from the coronal plane of anterior and posterior optic chi-
asma, with a thickness of 2 mm. Serial sections were in-
cubated away from light in 1% 2,3,5-triphenyl-tetrazolium 
chloride (TTC) solution at 37°C for 20 min. The percentage 
of brain infarct size was calculated. Percentage of brain 
infarct size (%) = brain infarct size/total size of brain in-
farct section * 100%.

Detection of brain water content

Five rats in each group were randomly selected and sac-
rificed. Wet weight of the brain was weighed after removal 
of the olfactory bulb, cerebellum and lower brain stem. 
Then the brain was baked at 108°C for 72 h. Dry weight 
of the brain was weighed. Brain water content (%) = (wet 
weight – dry weight)/wet weight × 100%.

Detection of SOD activity, MDA content and LDH 
activity in the brain tissue

Five rats were randomly selected and sacrificed 24 h after 
model establishment. A part of the brain tissue was taken 
out and ground. The ground brain tissues were put into 
a test tube with the addition of 25% trypsin and incubated 
in a water bath at 37°C. After digestion, the solution was 
blown with a pipette to be homogeneous and centrifuged 
at 1,000 r/min for 5 min. The supernatant was collected 
and washed with phosphate-buffered saline (PBS) to pre-
pare tissue suspension. LDH activity, SOD activity and 
MDA content in  the brain tissue were measured with 
chemical colorimetry method, xanthine oxidase method 
and thiobarbituric acid method, respectively.

Detection of brain cell apoptosis rate 
with TUNEL method

Additional 5 rats were randomly selected. The brain 
infarct area was cut into sections to prepare specimens. 
Proteins of the brain tissue were digested at room tem-
perature with 20 μg/mL protease K and rinsed 4 times 
with distilled water. Then, the section was incubated with 
TUNEL reaction mixture for 50 min and incubated with 
anti-fluorescein-dUTP. 3ʹ-diaminobenzidine (DAB) color-
ation was performed. Five different visual fields on the in-
farct area were randomly selected under a light microscope 
to observe and count apoptotic cells. The brownish yellow 
showed positive apoptotic cells. Apoptosis rate (%) = num-
ber of apoptotic cells/total number of cells × 100%.

Detection of JAK2, p-JAK2, STAT3, and p-STAT3 protein 
expressions measured with western blot

Partial tissue suspension prepared during the  de-
tection of SOD activity, MDA content and LDH activ-
ity in the brain tissue was lysed with RIPA lysis buffer 
and mixed on  the  ice. The  mixture was centrifuged 
at 1,300 r/min for 10 min. Then, the proteins were separat-
ed using 10% SDS-PAGE and transferred to polyvinylidene 
difluoride (PVDF) membranes. The membrane was sealed 
with 5% skim milk overnight at 4°C. Then the membrane 
was incubated with primary antibodies JAK2 (1:1,000), 
p-JAK2 (1:1,000), STAT3 (1:1,000), p-STAT3 (1:1,000), and 
β-actin (1:1,000) overnight at 4°C and horseradish per-
oxidase (HRP)-labeled goat anti-rabbit immunoglobulin  
(2nd  antibody, 1:1,200) at  room temperature for 1  h. 
The membrane was rinsed with PBS and color develop-
ment was carried out using ECL developer. The results 
were expressed as gray value of the target band/gray value 
of the internal reference.

Statistical analysis

SPSS v. 19.0 software (IBM Corp., Armonk, USA) was 
adopted to analyze the collected data. The measurement 
data was expressed as mean ± standard deviation (SD). 
Comparison among groups was performed with one-
way analysis of variance (ANOVA) followed by post hoc 
pairwise comparison using Least Significant Difference 
(LSD)/t test. A p < 0.05 indicated that the difference was 
statistically significant.

Results

Neurological function scores

Neurological function scores at 24 h after operation 
in the blank control group, the sham group, the cerebral 
ischemia-reperfusion group, the 5 mg/kg matrine group, 
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the 10 mg/kg matrine group, and the 20 mg/kg matrine 
group were 0.13 ±0.04, 0.14 ±0.05, 3.67 ±0.32, 3.05 ±0.24, 
2.46  ±0.23, and 1.85  ±0.19 scores, respectively; there 
were no significant differences in neurological function 
scores between the blank control group and the sham 
group (p > 0.05). Neurological function scores in cere-
bral ischemia-reperfusion group were significantly higher 
than those in the sham group, the blank control group, 
the 5 mg/kg matrine group, the 10 mg/kg matrine group, 
and the 20 mg/kg matrine group. Neurological function 
scores were the highest in the 5 mg/kg matrine group, fol-
lowed by the 10 mg/kg matrine group and the 20 mg/kg 
matrine group (all p < 0.05, Fig. 1).

Brain infarct size

Brain infarct size at 24 h after operation in the blank 
control group, the sham group, the cerebral ischemia-re-
perfusion group, the 5 mg/kg matrine group, the 10 mg/kg 
matrine group and the 20 mg/kg matrine group was 0%, 
0%, (31.54 ±1.45)%, (25.32 ±1.21)%, (20.06 ± 1.02)%, and 
(15.33 ±0.97)%, respectively. Brain infarct size in cere-

bral ischemia-reperfusion group was significantly larger 
than that in  the sham group, the blank control group, 
the 5 mg/kg matrine group, the 10 mg/kg matrine group, 
and the 20 mg/kg matrine group. Rats in the 20 mg/kg 
matrine group had the smallest brain infarct size, followed 
by the 10 mg/kg matrine group and the 5 mg/kg matrine 
group (all p < 0.05, Fig. 2).

Brain water content

Brain water content at  24  h  after operation 
in  the  blank control group, the  sham group, cerebral 
ischemia-reperfusion group, the 5 mg/kg matrine group, 
the 10 mg/kg matrine group, and the 20 mg/kg matrine 

Fig. 1. Neurological function score

*p < 0.05.

Fig. 2. Brain infarct size

A – picture of brain infarct; B – brain infarct size comparison; *p < 0.05.
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group was (72.87 ±1.39)%, (73.21 ±1.42)%, (82.76 ±2.03)%, 
(80.64 ±1.66)%, (78.21 ±1.34)%, and (75.26 ±1.15)%, re-
spectively; brain water content at 24 h after operation 
in the cerebral ischemia-reperfusion group was signifi-
cantly higher than that in the sham group and the blank 
control group (both p < 0.05). Brain water content of rats 
treated with matrine was reduced in dose-dependent man-
ner; brain water content in the 10 mg/kg matrine group 
and the 20 mg/kg matrine group was significantly lower 
than that in the cerebral ischemia-reperfusion group (both 
p < 0.05, Fig. 3).

SOD, MDA and LDH levels 
in the brain tissue

Rats in the sham group had significantly lower MDA 
and LDH levels and higher SOD level than cerebral isch-
emia-reperfusion group (all p < 0.05). Compared with ce-
rebral ischemia-reperfusion group, SOD, MDA and LDH 
levels in the 5 mg/kg matrine group, the 10 mg/kg matrine 
group and the 20 mg/kg matrine group were significantly 
improved, and the  improvement was more significant 
with the increase of matrine concentration (all p < 0.05, 
Table 1).

Brain cell apoptosis rate

Brain cell apoptosis rate at  24  h  after operation 
in the blank control group, the sham group, the cerebral 
ischemia-reperfusion group, the 5 mg/kg matrine group, 
the 10 mg/kg matrine group, and the 20 mg/kg matrine 
group was (2.39 ±0.78)%, (2.45 ±0.81)%, (34.26 ±3.59)%, 
(25.61 ±2.85)%, (18.33 ±1.59)%, and (12.57 ±1.04)%, respec-
tively. Brain cell apoptosis rate in cerebral ischemia-reper-
fusion group was significantly higher than in the sham 
group, the blank control group, the 5 mg/kg matrine group, 
the 10 mg/kg matrine group, and the 20 mg/kg matrine 
group. Rats in the 20 mg/kg matrine group had the lowest 
brain cell apoptosis rate, followed by the 10 mg/kg matrine 
group and the 5 mg/kg matrine group (all p < 0.05, Fig. 4).

Fig. 3. Brain water content. Brain water content in cerebral ischemia-
reperfusion group was significantly higher than that in sham group, blank 
control group, 10 mg/kg matrine group, and 20 mg/kg matrine group. 
Brain water content in 5 mg/kg matrine group was significantly higher 
than that in 10 mg/kg matrine group and 20 mg/kg matrine group

*p < 0.05.

blank

co
ntro

l g
ro

up

sh
am gro

up

ce
rebral is

ch
emia-

reperfu
sio

n gro
up

5 m
g/kg

matri
ne gro

up

10 m
g/kg

matri
ne gro

up

20 m
g/kg

matri
ne gro

up

100

80

60

40

20

0

br
ai

n 
w

at
er

 c
on

te
nt

 [%
]

Fig. 4. Brain cell apoptosis rate

A – brain cell apoptosis diagram using TUNEL; B – histogram of brain cell 
apoptosis rate; *p < 0.05.
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Protein expressions of JAK2, p-JAK2, 
STAT3, and p-STAT3 in the brain tissue

Rats in the cerebral ischemia-reperfusion group had sig-
nificantly greater p-JAK2 and p-STAT3 protein expres-
sions and lower JAK2 and STAT3 protein expressions than 
the blank control group and the sham group (all p < 0.05). 
In the 5 mg/kg matrine group, the 10 mg/kg matrine group 
and the 20 mg/kg matrine group, p-JAK2 and p-STAT3 
protein expressions were significantly decreased, and 
JAK2 and STAT3 protein expressions were significantly 
elevated, compared with the cerebral ischemia-reperfusion 
group; p-JAK2 and p-STAT3 protein expressions dropped 
with the increase of matrine concentration, and JAK2 and 
STAT3 protein expressions ascended with the increase 
of matrine concentration (all p < 0.05, Table 2, Fig. 5).

Discussion

In this study, cerebral ischemia-reperfusion rat models 
were established using suture method and matrine inter-
vention was administrated to rats at different concentra-
tions to explore the curative effect of matrine on cerebral 

Fig. 5. Protein bands in western blot

Table 2. JAK2, STAT3, p-JAK2, and p-STAT3 protein expressions in the brain tissue

Variable JAK2 STAT3 p-JAK2 p-STAT3

Blank control group (n = 5) 1.15 ±0.13 1.13 ±0.12 0.20 ±0.08 0.12 ±0.03

Sham group (n = 5) 1.14 ±0.12 1.12 ±0.10 0.21 ±0.09 0.13 ±0.02

Cerebral ischemia-reperfusion 
group (n = 5)

0.38 ±0.07*# 0.29 ±0.04*# 0.41 ±0.06*# 0.60 ±0.09*#

5 mg/kg matrine group (n = 5) 0.45 ±0.05*#& 0.41 ±0.06*#& 0.35 ±0.08*#& 0.47 ±0.06*#&

10 mg/kg matrine group (n = 5) 0.58 ±0.06*#&@ 0.57 ±0.06*#&@ 0.29 ±0.07*#&@ 0.34 ±0.05*#&@

20 mg/kg matrine group (n = 5) 0.71 ±0.07*#&@ 0.69 ±0.07*#&@$ 0.25 ±0.03*#&@$ 0.22 ±0.04*#&@$

F 72.221 99.293 6.734 65.662

p-value <0.001 <0.001 <0.001 <0.001

*p < 0.05 – compared with blank control group; #p < 0.05 – compared with sham group; &p < 0.05 – compared with cerebral ischemia-reperfusion group; 
@p < 0.05 – compared with 5 mg/kg matrine group; $p < 0.05 – compared with 10 mg/kg matrine group.
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Table 1. SOD, MDA and LDH levels in the brain tissue

 Variable SOD [U/mg] MDA [nmol/mg] LDH [U/mg]

Blank control group (n = 5) 91.65 ±18.97 0.82 ±0.11 2210.957 ±273.65

Sham group (n = 5) 91.76 ±19.33 0.84 ±0.12 2215.97 ±276.81

Cerebral ischemia-reperfusion group (n = 5) 41.27 ±14.65*# 1.79 ±0.35*# 7268.25 ±341.63*#

5 mg/kg matrine group (n = 5) 61.32 ±12.48*#& 1.48 ±0.29*#& 6738.46 ±295.68*#&

10 mg/kg matrine group (n = 5) 69.79 ±13.39*#&@ 1.26 ±0.23*#&@ 4395.77 ±285.35*#&@

20 mg/kg matrine group (n = 5) 78.86 ±12.28*#&@$ 1.09 ±0.13*#&@$ 3859.45 ±288.86*#&@$

F 7.89 14.17 271.3

p-value <0.001 <0.001 <0.001

SOD – superoxide dismutase; MDA – malondialdehyde; LDH – lactic dehydrogenase; *p < 0.05 – compared with blank control group; #p < 0.05 – compared 
with sham group; &p < 0.05 – compared with cerebral ischemia-reperfusion group; @p < 0.05 – compared with 5 mg/kg matrine group; $p < 0.05 – compared 
with 10 mg/kg matrine group.
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ischemia-reperfusion and its possible mechanism. The re-
sults of neurological function evaluation indicated that 
rats with cerebral ischemia-reperfusion suffered from 
significant neurological function deficit, while matrine 
could relieve cerebral ischemia-reperfusion injuries in rats.

Neurons are poorly tolerant to hypoxia ischemia. There-
fore, cerebral ischemia-reperfusion causes neuron necro-
sis and further leads to neurological function deficit.13,14 
The results in this study found that matrine could improve 
neurological function deficit of rats with cerebral ischemia-
reperfusion to some extent.

In addition, brain infarct size and brain water content 
of rats treated with matrine were lowered with the  in-
crease of matrine concentration, suggesting that cerebral 
ischemia-reperfusion in rats not only caused cerebral in-
farction, but also resulted in brain edema. Results of some 
studies indicated that matrine could decrease the degree 
of brain edema caused by middle cerebral artery occlu-
sion in rats and effectively lessen brain infarct size of rats 
in cerebral infarction rat models,15,16 which were consistent 
with the results of our study, indicating that matrine could 
reduce the degree of cerebral edema and cerebral infarc-
tion in rats with cerebral ischemia-reperfusion.

In addition, we found that matrine can increase the ac-
tivity of SOD, reduce the content of MDA, improve energy 
metabolism, and inhibit the increase of LDH content and 
the apoptosis of nerve cells caused by brain injury. When 
cerebral ischemia-reperfusion occurs, uncoupling of oxida-
tive phosphorylation takes place in the mitochondria, and 
a great number of free radicals are generated.17 The SOD 
can catalyze and scavenge the disproportionated reaction 
of free radicals, while the change of MDA content can indi-
rectly reflect the change of oxygen radicals; cerebral isch-
emia leads to the release of a large number of intracellular 
LDHs, which further induces brain cell damage.18,19 After 
the occurrence of cerebral ischemia-reperfusion, the death 
procedure of brain cells is activated, mainly manifesting 
in neuron apoptosis.20,21 These findings were in line with 
the results of our study, indicating that matrine can reduce 
the neuronal apoptosis of rats after cerebral ischemia and 
reperfusion to protect the rat brain tissue.

When cerebral ischemia-reperfusion occurs, the  ex-
pressions of phosphorylated JAKs and STATs in the brain 
tissue are significantly increased.22,23 The results in our 
study showed that the abnormal activation of JAK2/STAT3 
signaling pathway and the phosphorylation of JAK2 and 
STAT3 proteins in model rats might play an important role 
in cerebral ischemia-reperfusion injuries. Besides, after ma-
trine intervention, rats had decreased p-JAK2 and p-STAT3 
protein expressions and increased JAK2 and STAT3 protein 
expressions in the brain tissue, and the decrease of p-JAK2 
and p-STAT3 protein expressions was more significant 
with the increase of matrine concentration. A study re-
ported that inhibiting the activation of JAK2/STAT3 sig-
naling pathway could restrain the inflammatory response 
induced by  cerebral ischemia-reperfusion injuries and 

thereby lessen neuron apoptosis.24 Therefore, we hypoth-
esize that the neuroprotective effect of matrine on cere-
bral ischemia-reperfusion model rats might be exerted 
by the activation of JAK2/STAT3 signaling pathway and 
the inhibition of JAK2 and STAT3 protein phosphorylation. 
However, we have not explored other potential mechanisms 
in this study. Thus, our results remain to be further veri-
fied in the future.

Conclusions

Matrine can significantly improve neurological function 
and brain edema of rats with cerebral ischemia-reperfusion 
and ameliorate SOD, MDA and LDH levels as well as apop-
tosis rate in the brain tissue by inhibiting abnormal activa-
tion of JAK2/STAT3 signaling pathway.
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