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Abstract. High‑mobility group box 1 (HMGB1) is released 
after focal cerebral ischemia/reperfusion (I/R), and aggravates 
brain tissue damage. Ginsenoside Rb1 (Rb1), isolated from 
Panax ginseng, has been reported to inhibit I/R‑induced cell 
death in the brain. The present study aimed to investigate 
the protective ability of GRb1 on focal cerebral I/R rats and 
to explore its further mechanisms. A middle cerebral artery 
occlusion (MCAO) rat model was established and treated with 
different doses of Rb1. The neurological deficits were exam-
ined after reperfusion, and TTC staining was applied to assess 
the infarct volume. Histology and TUNEL staining were 
performed to evaluate pathological changes and neuronal cell 
apoptosis in brain tissues. HMGB1 and levels of inflammatory 
factors and proteins, were examined by ELISA or western 
blotting. Rb1 treatment notably improved the neurological 
deficits in an MCAO model, accompanied by decreased infarct 
volume in the brain tissues. Histological examination revealed 
that the necrotic tissue area in MCAO rats was also diminished 
by Rb1 treatment. Apoptosis induced by cerebral I/R was also 
attenuated by Rb1 treatment via downregulation of cleaved 
caspase‑3 and caspase‑9 levels. HMGB1 release was inhibited 
by Rb1 treatment in MCAO rats, and the levels of nuclear 
factor‑κB, tumor necrosis factor‑α, interleukin‑6, inducible 
nitric oxide synthase and nitric oxide were also decreased. 
The present study suggests that Rb1 serves a protective role 
in I/R‑induced cerebral‑neuron injury, due to the decreased 

cerebral infarct volume of brain tissue. The mechanisms 
underlying these effects may be associated with the inhibition 
of HMGB1 inflammatory signals.

Introduction

Ischemic stroke accounts for 75% of all stroke patients; it is a 
long‑term disability and a leading cause of death worldwide (1). 
Thrombolytic and neuroprotective therapy are the major thera-
peutic strategies for ischemic stroke (2). Tissue‑plasminogen 
activator (t‑PA) is the only FDA‑approved therapy for acute 
ischemic stroke, and must be used within a 3 h time window (3). 
Unfortunately, only 1‑2% patients are able to receive thrombo-
lytic therapy within this window. Around 60% stroke patients 
who receive intravenous tPA suffer fatality or become severely 
disabled  (4). The poor efficiency of this treatment may be 
associated with the additional injury to the ischemic penumbra 
caused by reperfusion itself (I/R injury)  (5). I/R injury is 
believed to aggravate cerebral injury through a series of inflam-
matory cascades, including the infiltration and accumulation of 
neutrophils and macrophages, the expression of certain cyto-
kines, and the increased production of nitric oxide (6).

Traditional Chinese medicines are believed to be effective 
in treating patients with cerebral ischemia, and to have few 
clinical side‑effects. Panax ginseng is a widely used medicinal 
herb, and its pharmacological effects have been previously 
demonstrated in various types of cancer, diabetes and cardio-
vascular diseases (7,8). It is also commonly used for promoting 
immune function and central nervous system (CNS) function, 
and for its antioxidant activities (7). Ginsenosides are the major 
bioactive components of Panax ginseng, and are a group of 
saponins with a dammarane triterpenoid structure (8). Among 
these ginsenosides, Rb1 has been demonstrated to have 
protective effects on global cerebral I/R injury as well as acute 
myocardial ischemia in rats (9). However, the mechanism of 
the neuroprotective effect of Rb1 on focal cerebral I/R injury 
remains to be characterized. In the present study, we evaluated 
the influence of Rb1 on focal cerebral I/R injury usingthrough 
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a MCAO‑reperfusion model, and investigated the potential 
mechanisms underlying its protective effects.

Materials and methods

Experimental animals. A total of 50 Wistar rats (male; body 
weight, 270‑330 g, age: 10 weeks‑12 weeks) were obtained from 
the Animal Center of Shandong University (Jinan, China). All 
rats were maintained at 25±1˚C, with 12 h light/12 h dark cycle 
of housing, food and water available. All animal experiment 
protocols were approved by the Institutional Animal Care 
Committee of Shandong University (Jinan, China), and were 
performed in strict consistence with its guidelines.

Ischemia‑reperfusion model. After 1 week of accommodation, 
the rats were subjected to middle cerebral artery occlusion 
(MCAO) surgery as previously described  (10,11). Briefly, 
following anesthetization with 10% chloral hydrate (350 mg/kg; 
administered intraperitoneally) the left common carotid artery 
(CCA) was revealed and clipped using an artery clamp. During 
surgery, body temperature was maintained at 36.5‑37.0˚C using 
a heating pad on the surgical table. The incision region was 
disinfected with povidone‑iodine solution. The external carotid 
artery (ECA) was separated and ligatured. A nylon suture with 
a blunted tip (0.35 mm diameter) was drawn into theECA and 
then into internal carotid artery (ICA). The middle cerebral 
artery was occluded by the suture 18 mm distal from the 
carotid bifurcation. Ischemia reperfusion injury was executed 
by removing the suture after 2 h of occlusion. Following closure 
of the incision, the rats were returned to cages with food and 
water available after the incision was closed.

Grouping and drug administration. Rb1 was dissolved in 
saline and intravenously injected following initiation of 
ischemia. The animals were randomized distributed into 
5 groups according to the random number table. Firstly, the 
rats were numbered by body weight. Second, we chose the 
any row in the random number table and copy 50 random 
numbers. Sort random numbers from small to large. Specify 
the first 10 numbers as the first group from the sorted numbers, 
followed by analogy: i) sham control, the ECA was surgically 
prepared for insertion of the filament as described above, but 
the filament was not inserted and saline was received intrave-
nously; ii) MCAO group, subjected to MCAO and saline was 
received intravenously and iii) Rb1 group, subjected to MCAO 
and 50, 100 or 200 mg/kg of Rb1 was received intravenously. 
We conducted a pre‑experiment to investigate the effect of 
Rb1 100 mg/kg on the focal cerebral ischemic reperfusion 
rats. The results manifested that Rb1 100 mg/kg remarkably 
decreased the ischemic injury. Therefore, we chose Rb1 50, 
100 and 200 mg/kg as the dose of Rb1.

Evaluation of neurological deficits. Neurological examination 
was performed blindly 24 h after reperfusion, according to 
Zea Longa's method (10). The scores of the neurological tests 
were categorized according to 5 grades: 0, no neurological 
deficit; 1, unable to extend right forepaw fully upon lifting of 
the whole body by the tail; 2, circling to the right; 3, falling 
to the right, and 4, unable to walk spontaneously and reduced 
levels of consciousness.

Triphenyltetrazolium chloride (TTC) staining and infarct 
volume assessments. Coronal brain sections (2‑mm thickness) 
were incubated with 2% TTC at 37˚C for 30 min with gentle 
agitation, then fixed with 10% formalin in PBS. Pale unstained 
sections were considered to be indicative of infarct regions, 
whereas red‑stained sections were indicative of normal tissue. 
The slices were photographed from each side, and the infarct 
regions and were detected both hemispheres using a morpho-
logical image‑analysis system (Jie Da software, China). 
Infarct volume was calculated as a percentage of the contra-
lateral hemisphere volume using an ‘indirect method’ (area of 
intact contralateral hemisphere‑area of intact regions of the 
ipsilateral hemisphere) to compensate for edema formation 
in the ipsilateral hemisphere. The volume of infarction was 
obtained according to the following formula, and expressed 
as percentage of infarction in the ipsilateral hemisphere (11):

V, volume of fraction; Ai, infarct area of each slice, and h, 
slice thickness.

Histological examination and TUNEL staining. After being 
anesthetized with 10% chloral hydrate (350 mg/kg; injected 
intraperitoneally) the rats were sacrificed by cardiac perfusion, 
the brains were immediately removed and the bregma‑3~3.8 mm 
areas were immobilized in 4% neutral buffered formalin and 
embedded in paraffin. No peritonitis was observed in the 
rats during the entire experimental protocol. The areas were 
mounted onto slides, deparaffinized with xylene, rehydrated 
using a graded alcohol series, stained with hematoxylin and 
eosin and analyzed under a light microscope at magnification, 
x100. The brains were sliced into 10‑µm thick coronal sections 
at the level of the bregma. TUNEL staining was performed using 
an in situ apoptosis detection kit (Nanjing KeyGen Biotech Co., 
Ltd., Nanjing, China), according to the manufacturer's protocol. 
TUNEL staining was detected under a fluorescence microscope 
(Olympus IX71; Olympus Corporation, Tokyo, Japan). A total 
of 3 sections from each animal were analyzed by 2 investiga-
tors, blinded to the origin of the sections. For each section, 
TUNEL‑positive cells were counted in 5 non‑overlapping 
high‑power fields at magnification, x200.

Western blotting analysis. Protein samples were prepared 
as previously described (12) and the protein concentration 
was determined using the Bradford method. The protein 
samples were heated at 95˚C for 5 min, loaded at 30 µg per 
lane, separated using 10% SDS‑PAGE, and electrotransferred 
onto polyvinylidene difluoride membranes. The membranes 
were incubated with primary antibodies for cleaved caspase‑3 
(cat. no.,  9664; Cell Signaling Technology, Inc., Danvers, 
MA, USA), cleaved caspase‑9 (cat. no., 9507; Cell Signaling 
Technology, Inc.), with β‑actin functioning as a loading control 
(cat. no., ab6276;  Abcam, Cambridge, UK), overnight at 4˚C. 
Following washing with Tris‑buffered saline with Tween 
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(TBS‑T), the membranes were incubated with a horseradish 
peroxidase‑conjugated secondary antibody for 1 h at room 
temperature, then washed again with TBS‑T. The antibodies 
were then visualized by enhanced chemiluminescence 
and the density of the protein bands was analyzed using an 
AlphaEaseFC system (ProteinSimple, San Jose, CA, USA).

ELISA. Cortex samples were homogenized in 1 ml homog-
enization buffer and centrifuged at 14,000 x g for 10 min at 
4˚C. ELISA kits were used to verify the levels of high‑mobility 
group box 1 (HMGB1) and NF‑κB p65, TNF‑α, iNOS, NO and 
IL‑6, according to the manufacturer's instructions (Nanjing 
Jiancheng Bioengineering Institute, Nanjing, China).

Statistical analysis. All data are expressed as the 
mean ± standard deviation and analyzed using one‑way anal-
ysis of variance followed by the Least Significant Difference 
test. All the statistics analyses were performed using SPSS 
software (v.18; SPSS, Inc., Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Rb1 attenuates neurological deficits in MCAO animals. 
Neurological scores were determined 24 h after I/R injury. No 
neurological deficitobserved in sham animals, whereas MCAO 
animals suffered from I/R injury, displayed all the character-
istics of neuron damage and had relatively high neurological 
deficit scores (2.07±0.24; Table I). The results also show that 
Rb1 treatment significantly improved the neurological deficits 
of MCAO mice, and the deficit score in animals treated with 
50, 100 and 200 mg/kg Rb1 were decreased to 1.71±0.43, 
1.25±0.72 and 1.05±0.36, respectively.

Rb1 reduces cerebral infarct volume in the MCAO rat model. 
Infarct area of brain tissues from the animals measured 24 h after 
I/R injury by TTC staining are presented in Fig. 1. No infarct 
was observed in sham animals, whereas in the MCAO group, 
the infarct area reached 31.56% the whole brain. However, as 
shown in Fig. 1B, Rb1‑treatment decreased infarct volumes in 
MCAO rats in a dose‑dependent manner: 50, 100 and 200 mg/kg 
Rb1 treatment reduced the infarct volume to 25.89% (P<0.05 vs. 
MCAO animals), 18.35% (P<0.01 vs. MCAO animals) and 
10.13% (P<0.01 vs. MCAO animals), respectively.

Rb1 treatment improves brain histopathological abnormali‑
ties and neuron apoptosis. Hematoxylin and eosin staining 
was applied to examine the histopathological abnormalities 
following focal cerebral I/R (Fig. 2). No histopathological 
damage was detected in the corext or pyramidal neurons in the 
hippocampus CA1 region of sham animals (Fig. 2A and B). In 
the MCAO rat model, the majority of the neurons in the infarct 
core were atrophied and/or reduced in size, exhibiting a eosin-
ophilic cytoplasm and triangulated pycnotic nucleus compared 
with the intact and well‑arranged neurons with eumorphism in 
the sham group. However, the number of pyramidal neurons in 
the MCAO model was significantly decreased compared with 
the sham group, and large necrotic neurons surrounding the 
infarct core and in the peri‑infarct zone were noted, exhibiting 
pycnotic shape and condensed nuclear material. The necrotic 

tissue was notablyremarkably diminished following Rb1 treat-
ment. This suggests a reduction in nerve injury, characterized by 
the decreased number of cells with obvious historical change, 
such as liquefaction necrosis, pycnosis, nucleoli abolition and 
nuclear fragmentation.

Adjusted expression of HMGB1 and inflammatory factors by 
Rb1. The level of HMGB1 in the peri‑infarct zones of ischemic 
cortex samples from each group was measured. A significantly 
increased level of HMGB1 was identified in brain tissue 
subjected to focal cerebral ischemia reperfusion. Furthermore, 
an increased level of HMGB1 was observed in MCAO rats 
compared with the sham group (P<0.01; Fig. 3A), which was 
notably decreased by Rb1‑treatment.

High levels of TNF‑α, iNOS, NO and IL‑6 were also iden-
tified in MCAO rats (P<0.05, sham vs. MACO; Fig. 3), which 
was significantly attenuated in Rb1‑treated animals.

Decrease of neuronal cell apoptosis by Rb1 treatment. 
Neuronal cell apoptosis was measured by TUNEL staining in 
the rats of each group (Fig. 4). The number of TUNEL‑positive 
neurons in the cortex region was significantly increased 
in MCAO group after I/R injury compared with the sham 
group (P<0.01). Following Rb1 treatment, the number of 
TUNEL‑positive neurons in the cortex region was significantly 
reduced compared with the sham group (P<0.05; Fig. 4). A 
higher proportion of apoptotic neurons was detected in MCAO 
group, compared with the sham group (P<0.01). Rb1 treatment 
at 50, 100 or 200 mg/kg reduced the TUNEL‑positive staining 
by 30.2, 19.6 and 9.2%, respectively (P<0.01 vs. MCAO).

The expression levels of cleaved caspase‑3 and caspase‑9 
was also investigated. High expression of apoptosis‑related 
proteins was exhibited by brain tissues from the MCAO group 
compared with the sham group (P<0.05; Fig. 4D). The elevated 
levels of cleaved caspase‑3 and caspase‑9 were significantly 
attenuated with Rb1 treatment (Fig. 4C and D).

Discussion

Natural products can be used to modulate cytokine‑activity 
for treatment of diseases (5). In the present study, Rb1, one of 

Table I. Effects of Rb1 on neurological deficit scores in rats 
24 h after reperfusion.

Groups	 Rat no. (n)	 Neurological scores

Sham	 8	 0.00±0.00b

MCAO	 8	 2.07±0.24
Rb1 50 mg/kg	 8	 1.71±0.43
Rb1 100 mg/kg	 8	 1.25±0.72a

Rb1 200 mg/kg	 8	 1.05±0.36b

Data are presented as the mean ± standard deviation. Animals 
received different doses of Rb1 or saline vehicle following the onset 
of ischemia. Neurological deficit scores were evaluated after 24 h 
of reperfusion according to the Longa's method. aP<0.05, bP<0.01 
vs. MCAO. RB1, Ginsenoside Rb1; MCAO, middle cerebral artery 
occlusion.
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Figure 1. Effect of Rb1 on cerebral infarct area in MCAO rats. (A) Cerebral infarct area stained with TTC in different groups. The coronal sections were obtained 
after 24 h of reperfusion. (B) Evaluation of infarct area after 24 h of reperfusion, the bar indicates the percentage of infarct area. Data are expressed as the 
mean ± standard deviation (n=8). #P<0.05, ##P<0.01, ###P<0.001 vs. MCAO group. MCAO, middle cerebral artery occlusion; TTC, Triphenyltetrazolium chloride.

Figure 2. Histopathology of the cortical and hippocampal CA1 neurons of rats examined by Hematoxylin and eosin staining. Representative micrographs of 
the (A) cortex and (B) hippocampus of the sham, MCAO and Rb1 treated groups, respectively. Magnification, x100. MCAO, middle cerebral artery occlusion.
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the major bioactive components of Panax ginseng, improved 
the neurological function and decreased the infarct volume 
in brain tissues of a MCAO rat model. HMGB1 levels in the 
brain tissue were significantly decreased in MCAO rats after 
Rb1 treatment, and the levels HMGB1‑associated inflam-
matory factors, including TNF‑α, IL‑6, iNOS and NO, were 

also reduced following Rb1 treatment. These data suggested 
that Rb1 may have a neuroprotective effect against I/R injury 
during stroke therapy.

Numerous studies have demonstrated the beneficial effects 
of Rb1 in the treatment of ischemic stroke (9,13‑15), however, 
further research is required to understand the mechanisms of 

Figure 3. Analysis of the levels of HMGB1 and inflammatory factors. (A) HMGB1 levels, measured by ELISA. (B) NF‑κB expression levels. Levels of 
pro‑inflammation factors, (C) TNF‑α, (D) IL‑6, (E) iNOS and (F) NO measured by ELISA. *P<0.05, **P<0.01, ***P<0.001 vs. sham group; #P<0.05, ##P<0.01, 
###P<0.001 vs. MCAO group. HMGB1, high‑mobility group box 1; MCAO, middle cerebral artery occlusion.

Figure 4. Rb1 protects neuronal cells from cerebral ischemic reperfusion‑induced apoptosis in the cortex. (A) Cell apoptosis in cortex tissue measured by 
TUNEL staining. Magnification, x200. (B) Analysis of the percentage of TUNEL‑positive cells. ***P<0.001 vs. sham group; ##P<0.01 and ###P<0.001 vs. MCAO 
group. (C) Protein expression analyzed by western blotting.
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Rb1 function. An inflammatory reaction in the brain causes 
ischemic stroke, which occurs in ~80% stroke patients, and 
causes the release of free radicals, resulting in oxidative 
damage of brain tissues (13,14). High mobility group box1 
(HMGB1) is a highly conserved non‑histone DNA‑binding 
nuclear protein, and a well‑known damage‑associated molec-
ular pattern molecule which can promote inflammatory injury. 
It is well established that HMGB1‑mediated inflammation may 
be a cause of cerebral I/R‑induced brain damage (16). Previous 
research has demonstrated that inhibition of HMGB1 is asso-
ciated with suppression of infarct formation (17,18). Other 
studies have implied that NF‑κB may be a key regulator of 
inflammation during and subsequent to brain damage (19,20). 
It has been suggested that HMGB1 could rapidly bind to TLR‑2 
and inhibit its expression, subsequently blocking NF‑кB activa-
tion induced by HMGB1 (21). In the present study, significantly 
increased HMGB1 levels accompanied by increased NF‑кB 
levels in the MCAO model were demonstrated, which is consis-
tent with these previous reports. It was also demonstrated that 
Rb1 administration markedly reduced the elevated HMGB1 
and NF‑κB levels in the MCAO model. Therefore, we hypoth-
esized that Rb1 treatment may lead to the downregulation of 
HMGB1 signaling and that downstream molecules activate 
NF‑κB p65, consequently attenuating the I/R injury. Previous 
reports have demonstrated that HMGB1 could upregulate 
the levels of TNF‑α and IL‑6, which can also promote 
HMGB1 release via positive‑feedback (22,23). Indicators of 
inflammation were also identified in the present study in the 
cerebral I/R, including TNF‑α, IL‑6 and iNOS, whose levels 
were significantly decreased in the cortex tissue of MCAO rats.

Furthermore, HMGB1 is a crucial proinflammatory 
factor in ischemic stroke and the signal is transduced via 
its putative receptors, such as toll‑like receptors (TLRs), 
receptor for advanced glycation end products (RAGE) and 
matrix metalloproteinase (MMP) enzymes during ischemic 
stroke. The present study suggests that Rb1 administra-
tion could markedly reduce the elevated levels of HMGB1 
and NF‑κB in MCAO rats. However, the effects of Rb1 on 
HMGB1‑associated receptors remain to be elucidated. 
HMGB1 may be a novel subject of brain‑immune communi-
cation and post‑stroke immunomodulation research. In acute 
ischemic stroke patients, the peripheral percentage of some 
subsets of T‑lymphocytes was associated with the level of 
neurological deficit, and a predictive role of the peripheral 
percentage of CD28‑null cells in stroke diagnosis and TOAST 
subtyping was suggested  (24,25). Therefore, HMGB1 is a 
promising therapeutic in promoting neurovascular repair and 
remodeling following stroke.

I/R injury‑induced oxidative stress and inflammation 
also triggers multiple‑cell apoptotic pathways responsible 
for cell death by necrosis or apoptosis  (26‑28). Previous 
research has demonstrated that HMGB1 could promote the 
apoptosis of myocytes  (22,29). In both MCAO rat models 
and stroke patients, persistent NF‑κB p65 activation has 
been indicated to contribute to infarction and cell death 
induced by the I/R injury (6,30). In the present study, Rb1 
treatment decreased neuronal cell apoptosis in MCAO rats 
in a dose‑dependent manner. Bcl‑2 and Bax, belonging to 
the Bcl‑2 family, are key physiological and pathological 
regulators of cell apoptosis, and act via the activation of 

caspase‑triggered signaling cascades  (31,32). The present 
study demonstrated that Rb1 markedly downregulated 
the levels of caspase‑3 and caspase‑9, indicating that Rb1 
suppressed cerebral I/R‑induced cell apoptosis in the brain 
tissue of MCAO rats by mediating caspase‑3‑associated 
proteins.

In summary, the present study demonstrated that Rb1 
has a protective effect on cerebral neurons in I/R injury. The 
mechanisms underlying these actions are not well established, 
however, our results suggest that the inhibition of inflamma-
tory HMGB1 signaling may serve an important role in the 
process. Furthermore, Rb1 may be a promising neuroprotec-
tive candidate, and requires further laboratory and clinical 
investigation.
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