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Sijunzi decoction may decrease apoptosis via
stabilization of the extracellular matrix following
cerebral ischaemia-reperfusion in rats
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Abstract. Neurons undergo degeneration, apoptosis and
death due to ischaemic stroke. The present study investigated
the effect of Sijunzi decoction (SJZD), a type of traditional
Chinese medicine known as invigorating spleen therapy, on
anoikis (a type of apoptosis) in rat brains following cerebral
ischaemia-reperfusion. Rats were randomly divided into sham,
model, nimodipine and SJZD low/medium/high dose groups.
A middle cerebral artery occlusion model was established.
Neurobehavioural scores were evaluated after administration
for 14 days using a five-grade scale. Blood-brain barrier perme-
ability and apoptotic rate were detected using Evans blue (EB)
extravasation and TUNEL staining, respectively. Tissue inhib-
itor of metalloproteinase 1 (TIMP-1), matrix metalloproteinase
9 (MMP-9) and collagen IV (COL IV) were determined using
immunohistochemistry. Neurobehavioural scores decreased
remarkably in all SJZD and nimodipine groups compared to
the model group (P<0.05). Compared with the sham group,
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EB extravasation was higher in the model group (P<0.01). The
amount of EB extravasation decreased in the SJZD high dose
and nimodipine groups compared to the model group (P<0.01),
and extravasation in the SJZD high dose group was lower than
the SJZD low and medium dose groups (P<0.01). TIMP-1 and
MMP-9 expression and apoptotic rate increased, but COL IV
decreased significantly in the hippocampus of the model group
compared to the sham group (P<0.01). TIMP-1 and COL IV
expression increased significantly and MMP-9 and apoptotic
rate decreased remarkably in all SJZD and nimodipine groups
compared to the model group (P<0.01). TIMP-1 and COL IV
expression decreased, but MMP-9 expression and apoptotic rate
increased in the SJZD low and medium dose groups compared
to the SJZD high dose group (P<0.01). SJIZD rescued neurons
and improved neurobehavioural function in rats following
cerebral ischaemia-reperfusion, especially when used at a
high dose. The mechanism may be related to protection of the
extracellular matrix followed by anti-apoptotic effects.

Introduction

Ischaemic stroke is a common disease in the central nervous
system (CNS), and it occurs with high incidence, mortality and
disability rates (1-3). Neuronal apoptosis following cerebral
ischaemia-reperfusion leads to brain injury and neurological
impairment (4). In recent years, studies have found that
anoikis is a substantial path for neuron apoptosis (5,6).
Anoikis is programmed cell death that occurs due to cell
detachment from the extracellular matrix (ECM) (7). The
ECM provides an external environment and support for cell
survival (8,9). Enzymes degrade the ECM during the cerebral
ischaemia-reperfusion process, leading to maladjustments
in signal transmission between cells, neuronal injury and
apoptosis (10,11).

In Traditional Chinese Medicine (TCM), it is believed
that the spleen is the foundation of life and the source of Qi
and blood generation. Sijunzi decoction (SJZD) is one of the
most famous invigorating spleen therapy recipes in TCM.
This Chinese decoction has been used to treat gastrointestinal



2806

disorders, including chronic gastritis and gastroduodenal ulcer,
for hundreds of years, and it is effective for nausea, vomiting
and diarrhoea (12,13). SJZD was not created for the treat-
ment of stroke initially, but an increasing number of studies
have found that SJZD is beneficial for stroke, For example,
a study found that SJZD could protect cerebral neurons via
up-regulating p-ERK1/2 and p-Akt, and inhibiting the expres-
sion of Bax protein (14). Another study demonstrated that it
significantly increased the expression of superoxide dismutase
and decreased malondialdehyde in rat brains, and thus
protected the cerebral ischemia-damaged neurons (15). One
of the most commonly used models for studying stroke in rats
is the middle cerebral artery occlusion (MCAO) model (16).
MCAQO is one of the most severe types of stroke in clinic and
the most common type of ischemia (17). During the process
of model establishment in the current study, the MCA was
occluded with a filament, resulting in focal infarct to the
ipsilateral hemisphere.

The present study examined the anti-apoptotic effect
of SJZD in rats, following cerebral ischaemia-reperfusion.
Nimodipine is an effective medicine for the treatment of
stroke, and therefore was used as positive control treatment
in the current study. Tissue inhibitor of metalloproteinase 1
(TIMP-1), matrix metalloproteinase 9 (MMP-9), collagen IV
(COL 1V), cell apoptotic rate and the blood-brain barrier
(BBB) were examined. The results of the present study
may highlight a neuroprotective effect of SJZD in cerebral
ischaemia-reperfusion.

Materials and methods

Animals and experimental design. The present study was
a randomized, controlled animal experiment, performed
at the Hunan Provincial Key Laboratory of Diagnostics in
Chinese Medicine (Changsha, China). A total of 150 male
Sprague-Dawley rats (weight, 250-280 g; age, 10-11 weeks)
were supplied by the Laboratory Animal Centre of Hunan
University of Chinese Medicine [license no. SYXK (Xiang)
2013-0005; Changsha, China]. The rats were housed separately
in plastic cages at 22°C and 60% humidity under a light-dark
cycle (12 h for each) and allowed free access to food and water.
The animals were randomly divided into the following six
groups (n=25 per group): Sham group and untreated MCAO
model group, nimodipine MCAO model group (10.8 mg/kg),
and SJZD low dose (3 g/kg), SJZD medium dose (6 g/kg) and
SJZD high dose (9 g/kg) MCAO model groups. The nimodi-
pine and SJZD groups received corresponding treatment
administrated via gastric gavage once daily for 14 days after
model establishment. The animals in the sham and untreated
model groups were administered 0.9% saline solution only via
gastric gavage once daily for 14 days after model establish-
ment. The present study was approved by the Brains Hospital
of Hunan Province Ethics Committee (permit number,
72015003; Changsha, China). All procedures were performed
in accordance with the Guidance Suggestions for the Care and
Use of Laboratory Animals, formulated by the Ministry of
Science and Technology of China.

Chemicals and reagents. SIZD is composed of Radix et
Rhizoma Ginseng, Rhizome Atractylodis macrocephala,
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Wolfiporia extensa and Radix et Rhizoma Glycyrrhizae (the
ratio was 3:3:3:2). All herbs (from Good Agricultural Practice
planting base) were purchased from LBX Pharmacy Chain
Co., Ltd. All ingredients were identified by experts from the
School of Pharmacy, Hunan University of Chinese Medicine
to fulfil the quality requirements of the Pharmacopoeia of the
People's Republic of China (18). The mixture was decocted
in boiling water for 45 min and vacuum-dried to yield a final
concentration of 2 g crude drug/ml. The crude drug was
dissolved in distilled water and administered at 3,6 and 9 g/kg
in accordance with a preliminary pharmacology experiment
performed in Provincial Key Laboratory of TCM Diagnostics
(Hunan University of Chinese Medicine, Changsha, China).

Nimodipine tablets (20 mg; cat. no. BG28956; Bayer
AG) were dissolved in distilled water and 10.8 mg/kg was
administered in accordance with pharmacology experiments
performed in Provincial Key Laboratory of TCM Diagnostics.

Polyclonal rabbit antibodies against TIMP-1 (cat.
no. 10753-1-AP), MMP-9 (cat. no., 10375-2-AP) and COL IV
(cat.no.24460-1-AP) were purchased from ProteinTech Group,
Inc. The PV-9000 2-step plus poly-HRP anti-mouse/rabbit
IgG Detection system (cat. no. WP140316) and DAB kit (cat.
no. K145619C) were purchased from Beijing Zhongshan
Golden Bridge Co., Ltd. Evans blue (EB; cat. no. 46160) was
purchased from Sigma-Aldrich; Merck KGaA. The TUNEL
detection kit for assessing cell apoptosis (cat. no. KGA7023-A)
was purchased from Nanjing KeyGen Biotech Co., Ltd.

MCAO model establishment. The MCAO model was estab-
lished as described previously (19). Rats were anaesthetized
by intraperitoneal (i.p.) injection of 2% pentobarbital sodium
(30 mg/kg), and placed in a supine position. The left common
carotid artery (CCA), external carotid artery (ECA) and
internal carotid artery (ICA) were exposed and isolated care-
fully. The CCA and ICA were clipped using artery clamps. The
ECA was ligated and cut ~5 mm from the CCA bifurcation. A
0.26-mm-diameter nylon filament (tip diameter 0.36+0.02 mm;
Beijing Sunbio Biotech Co.,Ltd.) was inserted through the ECA
stump and gently advanced 10 mm to occlude the origin of the
middle cerebral artery. The filament was removed to restore
blood flow after 1.5 h of MCAO (reperfusion). Rats in the
sham group underwent the same surgical procedure, however
the filament was not inserted as far as the CCA bifurcation.
The rats were housed individually and allowed to recover.
When they woke up, Horner's syndrome was observed. One of
the characteristics of Horner's syndrome is partial ptosis that
occurs on the same side (ipsilateral) (20). Neurobehavioural
scores were assessed using a five-grade scale (21) 2 h after
model establishment and 14 d after administration of treat-
ment, and the severity of neurological symptoms was graded
on a scale of 0-4 with slight modifications: 0, no functional
impairment; 1, cannot extend right forepaw; 2, whirls to the
right; 3, leans to the right while walking; and 4, no autonomic
activities in combination with being unconscious. Rats with
scores <2 were excluded. The behavioural observations were
performed in a blinded manner.

Evaluation of BBB integrity. BBB integrity was assessed by
determining EB extravasation in 8 rats per group. EB dye
(2% in saline, 4 ml/kg) was injected into the right femoral vein
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30 min before reperfusion. Rats were deeply anaesthetized
with 2% pentobarbital sodium (30 mg/kg; i.p.), perfused with
PBS through the left ventricle to remove the intravascular dye
until a colourless perfusion fluid was observed from the right
atrium. Rats were executed by cervical dislocation. The hippo-
campus of the ischaemic side was removed quickly, weighed
and homogenized in 2.5 ml PBS. The homogenized solution
was mixed with 2.5 ml trichloroacetic acid (60%) and centri-
fuged at 1,640 x g for 20 min at 4°C. The supernatant was used
to determine EB absorbance at 620 nm using a spectropho-
tometer. EB concentrations were calculated against a standard
curve, and the obtained results were expressed as pg/g brain
tissue.

Brain slice preparation. Rats were anaesthetized as
aforementioned after 14 days of treatment administra-
tion, perfused through the heart with 0.9% saline solution
(100 ml) followed by 4% paraformaldehyde in 0.1 M phos-
phate buffered saline, pH 7.4 at 4°C (150 ml). The brain
was removed immediately and cut coronally at the levels of
the optic chiasma and the posterior pole of the cerebrum.
The area between these two coronal sections was kept for
immunohistochemistry and TUNEL staining. A total of 8
samples from each group were used for paraffin sectioning
and detection of COL IV expression. The section thickness
was 5 ym. For TUNEL staining and detection of TIMP-1
and MMP-9 expression, 9 samples from each group were
cut with a Leica VT1200S vibrating-blade microtome
(Leica Microsystems GmbH). Tissue blocks were adhered
vertically to the specimen holder of the vibrating-blade
microtome. The clearance angle was adjusted to 18°, the
blade holder sectioning speed was controlled with a motor
at 0.5 mm/s, the amplitude was 2 mm, and the thickness
of each slice was 30 ym. Slices were collected in 24-well
plates for TUNEL staining and for detecting the expression
of TIMP-1 and MMP-9.

Immunohistochemistry. TIMP-1, MMP-9 and COL IV expres-
sion was measured using immunohistochemistry. Sections
were immersed in hydrogen peroxide (0.3% in PBS) for 10 min
and incubated overnight at 4°C with the following polyclonal
rabbit anti-rat antibodies: TIMP-1 (1:100), MMP-9 (1:100) and
COL TV (1:150). Slices were incubated for 30 min at 37°C with
ready-to-use poly-HRP anti-mouse/rabbit IgG and detected
using the DAB kit for 15 min at 37°C. Brownish yellow parti-
cles in the nucleus or cytoplasm of cells in the hippocampus
indicated positive expression for TIMP-1 and MMP-9 proteins,
and the presence of these particles in the ECM indicated posi-
tive staining for COL IV. A total of four sections from each
specimen were imaged, and six visual fields were selected
randomly in each section. Slices were observed under an
optical microscope (Motic B5; Motic China Group Co., Ltd.)
at a magnification of x400. The average optical density (AOD)
was calculated with Image-Pro software (version 6.0.0.260;
Media Cybernetics Inc.).

TUNEL staining. TUNEL staining was performed to quantify
cell apoptosis using a TUNEL Detection kit, according to the
manufacturer's instructions. Briefly, sections were fixed with
4% paraformaldehyde at 37°C for 20 min, immersed in the 3%
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H,0, at 37°C for 10 min, and dipped into 0.1% TritonX-100 on
ice for 2 min. Biotin-dUTP (50 ul) from the kit was added to
each section and then incubated at 37°C for 60 min, followed
by incubation with 50 ul streptavidin-HRP from the kit at 37°C
for 30 min. After detection with the DAB kit for 10 min at
37°C, sections were sealed with neutral gum. Six images of
randomly selected visual fields were taken for each section
with a Motic B5 optical microscope at x400 magnification.
TUNEL-positive cells in the ipsilateral hippocampus were
observed and quantified with Image-Pro software (version
6.0.0.260). Brownish yellow particles in the nuclei of the cells
in the hippocampal sections indicated TUNEL-positive, apop-
totic cells. The apoptotic rate was calculated quantified with
Image-Pro software (version 6.0.0.260).

Statistical analysis. Statistical analysis was performed using
SPSS software (version 24.0; IBM Corp.). Data were analysed
using one-way ANOVA followed by the least significant differ-
ence test or Dunnett's T3 test. The results are expressed as the
mean + SEM. P<0.05 was considered to indicate a statistically
significant difference.

Results

Status of rats following MCAO model establishment. In the
untreated MCAO model group, 2 rats died on days 2 and 5
after surgery due to subarachnoid haemorrhage and cerebral
oedema induced by ischaemia, respectively. In the nimodipine
group, 1 rat died on day 6 after surgery due to subarachnoid
haemorrhage. In the SJZD low dose group, 2 rats died on
days 3 and 4 after surgery due to subarachnoid haemorrhage
and cerebral oedema, respectively. In the SJZD medium dose
group, 2 rats died of subarachnoid haemorrhage on days 2 and
4 after surgery. No neurobehavioural scores of the surviving
rats were <2, and no rats were excluded.

SJZD treatment improves neurobehavioural scores
following MCAO. No neurobehavioural abnormalities of
the contralateral limb were observed in the sham group.
Horner's syndrome could be observed in rats in the model
groups. These rats exhibited paralysis of the contralateral
limb, turned or rotated to the contralateral side, limped,
and appeared lethargic and inactive. Rats failed to abduct
their contralateral forelimb when their tails were held or
were not able to independently move their contralateral
limbs and demonstrated spontaneous rotation to the
contralateral side. The sham group had neurobehavioural
scores of 0. The neurobehavioural scores were markedly
higher in the model group compared with the sham group
(P<0.01), and were significantly decreased in the SJZD- and
nimodipine-treated groups compared with the untreated
model group (P<0.05; Fig. 1).

High-dose SJZD treatment decreases EB extravasation
following MCAO. As shown in Fig. 2, EB extravasation was
significantly increased in the model group compared with the
sham group (P<0.01). Compared with the untreated model
group, EB extravasation decreased in the SJZD high-dose
and nimodipine groups (both P<0.01). EB extravasation in
the SJZD low and medium-dose groups was not significantly
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Figure 1. Neurobehavioural scores of rats following middle cerebral artery
occlusion. “P<0.01 vs. sham group; “P<0.05 vs. model group. SJZD, Sijunzi
decoction.
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Figure 2. EB extravasation in the hippocampus of rats following middle cere-
bral artery occlusion. “P<0.01 vs. sham group; 24P<0.01 vs. model group;
"P<0.01 vs. SJZD high-dose group. SJZD, Sijunzi decoction; EB, Evans blue.

different to that in the model group. Extravasation in the SJZD
high-dose group was lower than that in the SJZD low- and
medium-dose groups (P<0.01).

SJZD treatment impacts expression of TIMP-1, MMP-9
and COL 1V in the hippocampus following MCAO.
Immunohistochemistry revealed TIMP-1-and MMP-9-positive
cells in the hippocampus (Figs. 3 and 4). TIMP-1 and MMP-9
expression increased significantly in the hippocampus of the
model group compared with the sham group (P<0.01; Fig. 6).
COL IV decreased in the hippocampus of the model group
compared with the sham group (P<0.01; Figs. 5 and 6). TIMP-1
and COL IV expression increased significantly, and MMP-9
expression decreased significantly in all SJZD and nimodipine
groups compared with the untreated model group (P<0.01).
TIMP-1 and COL IV expression decreased, and MMP-9
expression increased in the SJZD low- and medium-dose
groups compared with the SJIZD high-dose group (P<0.01;
Fig. 6).

SJZD treatment decreases the apoptotic rate in the hippo-
campus following MCAO. TUNEL staining identified
apoptotic cells in the hippocampus (Fig. 7). The apoptotic rate
increased in the hippocampus of the model group compared
to the sham group, and SJZD and nimodipine treatment
decreased apoptotic rate compared with that observed in the
untreated model group. The apoptotic rate was significantly
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Figure 3. TIMP-1 expression in the hippocampus of rats following middle
cerebral artery occlusion. Brownish yellow particles were observed in
the nucleus or cytoplasm; arrows indicate positive TIMP-1 expression.
Representative immunohistochemistry images of the (A) sham, (B) model,
(C) nimodipine, (D) SJZD low-dose, (E) SJZD medium-dose and (F) SJZD
high-dose groups. Scale bar, 50 ym; magnification, x400. SJZD, Sijunzi
decoction; TIMP-1, tissue inhibitor of metalloproteinase 1.

Figure 4. MMP-9 expression in the hippocampus of rats following middle
cerebral artery occlusion. Brownish yellow particles were observed in
the nucleus or cytoplasm; arrows indicate positive MMP-9 expression.
Representative immunohistochemistry images of the (A) sham, (B) model,
(C) nimodipine, (D) SJZD low-dose, (E) SJZD medium-dose and (F) SJZD
high-dose groups. Scale bar, 50 ym; magnification, x400. SJIZD, Sijunzi
decoction; MMP-9, matrix metalloproteinase 9.

lower in the SJZD high-dose group than in the low- and
medium-dose groups (Fig. 8).

Discussion

In TCM, most doctors choose classic methods to treat stroke,
including blood-activating stasis removal, replenishment
of Qi and blood, acupuncture, heat dissipation and detoxi-
fication (22-26). Our previous studies found that modified
SJZD improved neurobehavioural function, decreased
the neuronal apoptosis index and MMP-2 expression, and
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Figure 5. COL IV expression in the hippocampus of rats following middle
cerebral artery occlusion. Brownish yellow particles were observed
surrounding the neurons; arrows indicate positive expression of COL IV.
Representative immunohistochemistry images of the (A) sham, (B) model,
(C) nimodipine, (D) SJZD low-dose, (E) SJZD medium-dose and (F) SJZD
high-dose groups. Scale bar=50 ym; magnification, x400. SJZD, Sijunzi
decoction; COL 1V, collagen IV.
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Figure 6. Expression of TIMP-1, MMP-9 and COL IV in the hippocampus
of rats following middle cerebral artery occlusion. “P<0.01 vs. sham group;
254P<0.01 vs. model group; ""P<0.01 vs. SJZD high-dose group. SJZD, Sijunzi
decoction; TIMP-1, tissue inhibitor of metalloproteinase 1; MMP-9, matrix
metalloproteinase 9; COL IV, collagen IV.

increased laminin expression in the ECM after cerebral
ischaemia-reperfusion (27-29). However, the mechanism
underlying this therapeutic effect is not known. Damage and
degradation of the ECM plays a key role during cerebral
ischaemia-reperfusion (30-32).

The ECM is composed of a conglomerate assembly
of proteins and proteoglycans, and it provides mechanical
support and physical strength to the integrity of tissues, organs
and the entire body (33,34). The ECM is necessary for the
CNS, as it unites neurons and glial cells to form its basic struc-
ture (35,36). The triggering of intracellular and extracellular
proteolytic processes during cerebral ischaemia often results
in ECM degradation, which leads to oedema, haemorrhage,
glial cell activation, inflammatory cell infiltration and neuronal
injury (37). The ECM is also a constituent of the BBB (38,39).
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Figure 7. TUNEL staining expression in the hippocampus of rats following
middle cerebral artery occlusion. Deep blue granules appeared in the nucleus,
accompanied by concentrated nuclear chromatin or apoptotic bodies; arrows
indicate apoptotic cells. Representative images of the (A) sham, (B) model,
(C) nimodipine, (D) SJZD low-dose, (E) SJZD medium-dose and (F) SJZD
high-dose groups. Scale bar, 50 ym; magnification x400. SJZD, Sijunzi
decoction.
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Figure 8. Apoptotic rate of the hippocampal neurons in rats following middle
cerebral artery occlusion. “P<0.01 vs. sham group; 24P<0.01 vs. model
group; “P<0.01 vs. SJZD high-dose group. SJZD, Sijunzi decoction.
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The BBB maintains the stability of the internal environment
in the CNS (40), and it is composed of vascular endothelial
cells, tight junctions of endothelial cells, basement membrane
and the end feet of surrounding astrocytes (41,42). COL IV
is a major component of the basement membrane (43,44). It
offers adequate adhesion for nerve growth as it guides the
nerve fibre to grow directionally along the matrix bridge (45).
In the present study, it was hypothesised that SJZD treatment
may protect against damage due to cerebral ischaemia by
stabilising the ECM.

The primary components of the basement membrane are
substrates of MMP-9, which is involved in the regulation
of nearly all ECM components (46,47). A previous study
demonstrated that MMPs usually exist as proenzymes in the
CNS (48). Activated MMPs destroy the tight junctions of
endothelial cells, the basement membrane of capillaries and
cerebrovascular integrity, which results in aseptic inflamma-
tion and BBB destruction (49). These changes cause blood
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constituent extravasation, vasogenic brain oedema and
cerebral haemorrhage (50). MMP-9 activates other MMPs,
which leads to a waterfall effect, and its increasing expression
is associated with cerebrovascular diseases (51). Decreasing
expression of MMP-9 inhibits aseptic inflammation and
BBB destruction to a certain extent (52), and avoids neuronal
damage and apoptosis (53). The results show that MMP-9
expression increased significantly, indicating that it has a key
role during MCAO.

TIMPs are specific endogenous inhibitors of MMPs (54).
Cysteine residues in the active site of TIMPs combine with
the zinc-ion active centre of activated MMPs to inhibit MMP
binding with substrates, preventing ECM degradation (55).
Therefore, TIMPs are a potential target for the treatment of
cerebral ischaemia-reperfusion (56).

MMPs and TIMPs are key factors that regulate the BBB
integrity (57). Cerebrovascular occlusion results in secondary
haemorrhage and brain oedema due to BBB destruction,
plasma extravasation and leukocyte infiltration (58-60). It
was reported BBB destruction in the present MCAO model
increased the degree of neurological impairment and cerebral
infarction (61). In the current study, the expression of MMP-9,
TIMP-1 and COL IV changed remarkably after SJZD treat-
ment. These studies suggest that TIMPs and MMPs may
mediate the anti-anoikis mechanism of SJZD treatment via
ECM stabilization in cerebral ischaemia-reperfusion.

The present study found that the permeability of the
BBB in the hippocampus, as well as MMP-9 expression
and apoptotic rate increased following MCAO, and COL IV
expression significantly decreased. The increased expres-
sion of TIMP-1 after MCAO was consistent with previous
reports (62,63). SIZD treatment decreased BBB permeability,
MMP-9 expression and apoptotic rate, and increased COL
IV and TIMP-1 expression. The higher dose of SIZD was
found to be as effective as nimodipine. These results suggest
that this invigorating spleen therapy may protect neurons
in cerebral ischaemia-reperfusion via stabilization of the
ECM, particularly when used at a higher dose. These data
are preliminary, and further studies are needed to confirm
the presented results.
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