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Neurological function following cerebral ischemia/reperfusion
is improved by the Ruyi Zhenbao pill in a rats
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Abstract. The present study aimed to investigate the effect
and underlying mechanisms of the Ruyi Zhenbao pill on
neurological function following cerebral ischemia/reperfusion
in rats. Male Sprague-Dawley rats underwent middle cerebral
artery occlusion following reperfusion. The rats received
intragastrically either sodium carboxymethyl cellulose (control
and model groups) or Ruyi Zhenbao pill at doses of 0.2, 0.4
or 0.8 g/kg. Neurological function was assessed by cylinder,
adhesive and beam-walking tests after 14-day Ruyi Zhenbao
pill treatment. Neurogenesis and angiogenesis were detected
using immunofluorescence staining. The expression levels of
brain-derived neurotrophic factor (BDNF), nerve growth factor
(NGF) and vascular endothelial growth factor (VEGF) were
determined by enzyme-linked immunosorbent assays. Treatment
with 0.4 and 0.8 g/kg Ruyi Zhenbao for 14 days significantly
improved neurological function, and increased the number of
von Willebrand Factor- and neuronal nuclear antigen-positive
cells in the ischemic hemisphere of rats. Ruyi Zhenbao pill
treatment also significantly enhanced the expression levels of
BDNF, NGF and VEGF in the ischemic hemisphere. The results
demonstrated that the Ruyi Zhenbao pill improved neurological
function following ischemia in rats. The mechanisms of the
Ruyi Zhenbao pill are associated with increasing the expression
levels of BDNF, NGF and VEGF, and subsequently promoting
neurogenesis and angiogenesis in the ischemic zone.

Introduction

Ischemic stroke is the second leading cause of fatality and the
first leading cause of disability in adults worldwide (1). There
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are currently very few effective clinical therapies for acute
ischemic stroke. Administration of intravenous thrombolysis
with tissue plasminogen activator (t-PA) is currently approved
in numerous countries for the treatment of ischemic stroke (2).
However, extremely few stroke patients benefit from this medi-
cation. Treatment with t-PA restores blood flow by recovering
the oxygen and nutrient supply. However, a secondary impair-
ment known as cerebral ischemia/reperfusion injury often
occurs following t-PA treatment (3,4). This ischemia/reper-
fusion injury induced by oxidative damage, inflammation,
glutamate neurotoxicity and cerebral edema can aggravate
brain damage (5,6). A number of stroke patients survived
with long-term neurological function impairment. Therefore,
searching for effective medical treatments to improve func-
tional recovery of post-stroke patients is of importance.

The primary neurovascular responses during stroke
recovery are believed to involve angiogenesis and neurogenesis.
Brain angiogenesis and neurogenesis are suggested as highly
coordinated responses following ischemic brain injury (7).
Following ischemic stroke, the production of neurons increased
and neuroblasts migrated toward the damaged brain tissue as
part of endogenous repair and brains exhibited vascular remod-
eling as well (8). Molecules such as vascular endothelial growth
factor (VEGF), brain-derived neurotrophic factor (BDNF) and
nerve growth factor (NGF) not only enhance focal angiogen-
esis, but also promote neurogenesis in the injured brain (9).
Studies in animals also show that promoting post-ischemic
angiogenesis and neurogenesis can improve the recovery of
neurological function (10), which indicates it is a promising
therapeutic strategy for ischemic stroke.

The Ruyi Zhenbao pill, a traditional Tibetan medicine,
contains 30 types of rare medicinal herbs, including Nacre,
Safflower, Musk and Cornu Bubali. The function of the Ruyi
Zhenbao pill is clearing heat, opening the orifices and relaxing
the sinews. The Ruyi Zhenbao pill is widely used for treating
white vein, numb limbs and hemiplegia. After 24 h of middle
cerebral artery occlusion, Ruyi Zhenbao Pian reduced the
neurological deficit scores and the content of tumor necrosis
factor-o in the ischemic hemisphere in rats (11). Clinical studies
also demonstrated a beneficial effect of the Ruyi Zhenbao
pill in functional recovery in stroke patients (12). Despite the
evidence for the neuroprotective benefits of the Ruyi Zhenbao
pill in the treatment of stroke, the effects of the Ruyi Zhenbao
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pill on angiogenesis, neurogenesis and neurological function
during stroke recovery have not been investigated. In the
present study, the effect of the Ruyi Zhenbao pill was inves-
tigated on the neurological function following focal cerebral
ischemia/reperfusion in rats.

Materials and methods

Drug. Shandong ARURA Pharmaceutical R&D Co., Ltd.
provided the Ruyi Zhenbao pill (no.20130225; Shandong, China).

Animal models. A total of 70 male Sprague-Dawley rats,
weighing 280+20 g, were provided by Beijing HFK Bioscience
Co., Ltd. (Beijing, China), certificate number: SCXK (Beijing)
2009-0015. All the experimental procedures carried out in the
study were performed in accordance with the guidelines for
the Care and Use of Laboratory Animals of Yantai University
(Yantai, Shandong, China). The rats had free access to food
and water on a 12-h light/dark cycle.

Cerebral ischemia/reperfusion was carried out according to
the method of a previous study (13). Briefly, rats were anesthe-
tized with chloral hydrate [300 mg/kg, intraperitoneal (i.p.)].
Following the skin incision, the left common carotid artery
(CCA), internal carotid artery (ICA) and external carotid
artery (ECA) were dissected carefully from the surrounding
nerves and fascia. CCA was ligated with a 3-0 sutures and
ECA were tied loosely, but not ligated with similar sutures.
A coated 6-0 filament with a rounded tip was introduced
into the ICA through a small incision into the distal end of
the common carotid artery, and positioned ~18 mm from the
carotid bifurcation. Subsequent to fixing the occluder in place
with a suture, the ligation ECA was removed. The filament was
withdrawn for reperfusion 90 min later. Parallel groups of rats
received sham surgery in which an identical procedure was
followed, but omitting the insertion of the filament. The rats
recovered from anesthesia and were returned to their cages
with free access to food and water.

Neurological assessment. A neurological examination was
performed 24 h after cerebral ischemia/reperfusion according
to Longa's methods (14) as follows: 0, no deficit; 1, failure to
extend left forepaw fully; 2, circling to the left; 3, falling to the
left; and 4, no spontaneous walking with a depressed level of
consciousness. The rats with scores of 0 or 4 were excluded
from the study.

Grouping and treatment. According to the score of neuro-
logical assessment, rats were randomly assigned to 4 groups:
Model group (n=11), and Ruyi Zhenbao pill at doses of 0.2,0.4,
and 0.8 g/kg groups (n=9). The rats in the Ruyi Zhenbao pill
groups were orally administered with the Ruyi Zhenbao pill at
doses of 0.2, 0.4, or 0.8 g/kg once a day for 14 days, while the
rats in the control (n=9) and model groups were dosed with
vehicle (0.5% sodium carboxymethyl cellulose).

Behavioral testing. Animals were well handled prior to all
behavioral tests to reduce stress during behavioral testing. All
the equipment, as well as the testing surface, was cleaned with
dilute alcohol (75% ethanol) and allowed to dry prior to testing
each animal. The investigator conducting and scoring the
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behavioral tests was blinded to the experimental assignment
of the animals. All the tests were performed in a quiet and
dimly lit room. Each test was repeated twice and separated by
=30 min.

The cylinder test was performed as described previ-
ously (15). The rat was placed inside a glass transparent
cylinder (20 cm in diameter and 30 cm in height). A mirror
was placed behind the cylinder with an angle to enable the
investigator to record forelimb movements when the rat was
turned away. Subsequent to placing the rat in the cylinder, the
forelimb use of the first contact against the wall following
rearing and during lateral exploration was recorded by the
following criteria: i) The first forelimb to contact the wall
during a full rear was recorded as an independent wall place-
ment for that limb. ii) Simultaneous use of both the left and
right forelimb by contacting the wall of the cylinder during a
full rear and for lateral movements along the wall was recorded
as ‘both’ movement. iii) After the first forelimb (for example
right forelimb) contacted the wall and subsequently the other
forelimb was placed on the wall, but the right forelimb was not
removed from the wall, a ‘right forelimb independent’ move-
ment and a ‘both’ movement were recorded. However, if the
other (left forelimb) made several contacting movements on
the wall, a ‘right forelimb independent’ movement and only
one ‘both’ movement was recorded. iv) When the rat explored
the wall laterally, alternating both forelimbs, it was recorded
as a ‘both’ movement. A total of 20 movements were recorded
during the test (16). The asymmetry score was calculated using
the formula: 100 x (ipsilateral forelimb use + 1/2 both)/total
forelimb use observations (17).

An adhesive test was performed to assess the sensorimotor
deficit, as previously described (18). Adhesive tape (6 mm in
diameter) was placed on the palmar surface of the paw with
equal pressure and the rat was observed in a cage. The time first
contact of adhesive tape was recorded for each forelimb. The
rats were provided a maximum of 2 min to perform this task.

A beam-walking test was applied to assess the coordination
and integration of motor movements (19). Rats were trained
twice daily for 2 days before cerebral ischemia/reperfusion.
The apparatus consisted of a wooden beam (2.5x120 cm, posi-
tioned at a height of 50 cm by 2 supporting legs). A wooden box
(30x30x30 cm) was set at another side motivating the animal
to cross the beam. During the training session, a protocol was
followed to facilitate the training of beam-walking performance:
During the first trial, the animal was placed at the middle point
of the testing distance; the second trial began at the starting point
of the testing distance (20). The apparatus was placed above a
cushion, which protected the animals against a fall injury. The
time recording began when the rat extended a forepaw from the
platform onto the beam to start the traverse and stopped when a
forepaw was crossing the beam forward into the black box (19).
The time taken to traverse the beam was recorded by a stop-
watch. The cut-off time was taken as 60 sec (21).

Histological and immunohistochemical assessment. Following
the last behavioral test, 3 rats in each group were anesthetized
with chloral hydrate (300 mg/kg, i.p.), and the brains were
perfusion-fixed with 4% paraformaldehyde following a heparin-
ized saline flush. The brains were subsequently dissected and
post-fixed in paraformaldehyde overnight at 4°C, after which
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Figure 1. Effect of the Ruyi Zhenbao pill on neurological function following cerebral ischemia/reperfusion in rats. (A) Cylinder test; (B) adhesive test; and

(C) beam-walking test.””P<0.01 vs. control group. 'P<0.05 vs. model group.

Figure 2. Neuronal nuclear antigen-immunoreactive positive neurons stained using immunocytochemistry staining in the ischemic hemisphere. (A) Control;
(B) model; and (C) Ruyi Zhenbao pill at 0.2; (D) 0.4; and (E) 0.8 g/kg (magnification, x400).

they were transferred into 20% sucrose in 0.1 M phosphate
buffer at 4°C for 24 h. Paraffin-embedded specimens were cut at
5-pm sections using a vibratome and subjected to immunohisto-
chemistry. The brain sections were rinsed in phosphate-buffered
saline with Triton X-100, quenched in 3% hydrogen peroxide
and incubated in blocking solution. After incubation with the
anti-neuronal nuclear antigen (NeuN) (1:200; cat. no. MAB377,
Millipore, Billerica, MA, USA) and anti-von Willebrand Factor
(VWF) (1:200; cat. no. A0O082; Dako, Carpinteria, CA, USA)
antibody at 4°C for 24 h, the sections were treated with biotinyl-
ated secondary antibody for 1 h at 37°C, followed by incubation
with streptavidin peroxidase for 1 h at 37°C. The treated sections
were incubated for 5 min with 3,3'-diaminobenzidine. The
results were analyzed by counting the number of positive cells
on an Olympus microscope (magnification, x400) in the isch-
emic hemisphere of rats (IX-70; Olympus Corp., Tokyo, Japan).

Enzyme-linked immunosorbent assay. The left hemisphere of
the brain tissues of rats was obtained following the last behav-
ioral test. Samples were homogenized in 4 volumes of normal
saline and were centrifuged at 4,500 x g for 15 min at 4°C.
The protein concentration in the supernatants was determined
by the bicinchoninic acid protein assay (Beyotime Institute of
Biotechnology, Hangzhou, China). The levels of VEGF, BDNF
and NGF in the supernatants were assayed using commercially
available kits (Shanghai Westang Bio-Tech Co., Ltd., Shanghai,
China) according to the manufacturer's protocol. Duplicate
samples were analyzed for each data point.

Statistical analysis. Data are presented as mean + standard
deviation. The data were determined using one-way analysis of
variance followed by least significant difference testing. P<0.05
was considered to indicate a statistically significant difference.

Results

Effect of the Ruyi Zhenbao pill on neurological function
following cerebral ischemia/reperfusion in rats. Animals in
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Figure 3. Effectof the RuyiZhenbao pill on the number of NeuN-immunoreactive
positive neurons in the ischemic hemisphere. #P<0.01 vs. control group.
“P<0.05, “P<0.01 vs. model group. NeuN, neuronal nuclear antigen.

the control group did not show any paw preference during
rearing in the cylinder test. The cerebral ischemia/reperfusion
injury led to a motor deficit in the impaired (right) forepaw,
which was indicated by a significant preference in use of the
unimpaired (left) forepaw compared with the control group
(P<0.01). Compared with the model group, treatment with
0.2,04, or 0.8 g/kg Ruyi Zhenbao improved the performance
of the rats subjected to cerebral ischemia/reperfusion in the
cylinder test (P<0.05) (Fig. 1A).

Compared with the control group, the animals in the model
group spent a longer time crossing the beam (P<0.01). The
time crossing the beam of the rats in the Ruyi Zhenbao pill
(0.4 or 0.8 g/kg) groups were significantly shorter than that of
the animals in the model group (P<0.05) (Fig. 1B).

The functional recovery of sensorimotor impairments
was assessed by the time required to contact the adhesive
tape from the impaired forepaw. Compared with the control
group, rats in the model group had a prolonged contact time
(P<0.01). However, significant improvements on the adhesive
test were detected in rats treated with 0.4 or 0.8 g/kg Ruyi
Zhenbao compared with the rats of the model group (P<0.05)
(Fig. 1C).
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Figure 4. von Willebrand Factor-immunoreactive positive vessels stained using immunocytochemistry staining in the ischemic hemisphere. (A) Control;
(B) model; and (C) Ruyi Zhenbao pill at 0.2; (D) 0.4; and (E) 0.8 g/kg (magnification, x400).
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Figure 5. Effect of the Ruyi Zhenbao pill on the number of vVWF-immunore-
active positive vessels in the ischemic hemisphere. “P<0.01 vs. control group.
“P<0.05, “P<0.01 vs. model group. vVWF, von Willebrand Factor.

Effect of the Ruyi Zhenbao pill on NeuN expression. In order to
elucidate the mechanism of the Ruyi Zhenbao pill improving
neurological function following cerebral ischemia/reperfu-
sion in rats, immunohistochemistry was further performed
with NeuN. The quantity of NeuN-immunoreactive-positive
neurons in the model decreased significantly compared with
the control group; however, the quantity in the ischemic hemi-
sphere significantly increased following treatment with the
Ruyi Zhenbao pill (P<0.05) (Figs. 2 and 3).

Effect of the Ruyi Zhenbao pill on the expression of vVWF.
vWF is a specific marker for endothelial cells. In the present
study, vVWF-immunoreactive cells on the ischemic hemisphere
were analyzed 14 days after cerebral ischemia/reperfusion. In
the rats of the model group, an increase in the vVWF-positive
vessels was observed in the ischemic hemisphere compared
with the control group. The number of vVWF-positive vessels in
the Ruyi Zhenbao pill (0.4 or 0.8 g/kg) groups was more than
that in model group (P<0.05) (Figs. 4 and 5).

Effect of the Ruyi Zhenbao pill on the levels of VEGF, BDNF
and NGF in the left hemisphere of the brain. The levels of
VEGF, BDNF and NGF did not show significant differences
in the left hemisphere of the brain of model mice compared to
those in the control group. Compared with the model group,
the VEGF, BDNF and NGF levels in the Ruyi Zhenbao pill
groups were increased (P<0.05) (Fig. 6).

Discussion

The present study showed the beneficial effect of Ruyi Zhenbao
pill therapy on the neurological function following cerebral
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Figure 6. Effect of the Ruyi Zhenbao pill on the levels of (A) BDNF, (B) NGF
and (C) VEGF in the left hemisphere of brain. "P<0.05 vs. model group.
BDNF, brain-derived neurotrophic factor; NGF, nerve growth factor; VEGF,
vascular endothelial growth factor.

ischemia/reperfusion in rats. The Ruyi Zhenbao pill improved
the neurological function after cerebral ischemia/reperfusion
at 14 days following Ruyi Zhenbao pill treatment and promoted
angiogenesis and neurogenesis in the ischemic hemisphere of
brain at the same time. Increases of the VEGF, BDNF and
NGF levels were also identified in the ischemic hemisphere
of brain, which suggested that the effect of angiogenesis and
neurogenesis by the Ruyi Zhenbao pill was via regulation of
VEGF, BDNF and NGF levels.

The Ruyi Zhenbao pill is a traditional Tibetan medicine.
Clinical studies have demonstrated a beneficial effect of the
Ruyi Zhenbao pill in the functional recovery in stroke patients.
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In order to evaluate the effect of the Ruyi Zhenbao pill on
the neurological function following stroke, cerebral isch-
emia/reperfusion animals were used as a stroke model. Notably,
this model is considered to mimic focal ischemia-induced
stroke in human (22). In the present study, the Ruyi Zhenbao
pill improved the neurological function and promoted focal
angiogenesis and neurogenesis during focal cerebral ischemia.
In addition, the Ruyi Zhenbao pill increased the VEGF, BDNF,
and NGF levels in the ischemic hemisphere during ischemia.
To the best of our knowledge, this is the first study to demon-
strate that treatment with the Ruyi Zhenbao pill following
ischemia could promote angiogenesis and neurogenesis, which
identified a potential candidate for future stroke therapy.

Functional disabilities following ischemic stroke are often
prominent and therefore it is of fundamental importance to
investigate changes in animal behavior following cerebral
ischemia (23). In the present study, sensorimotor functions
were measured by the cylinder test, beam-walking test and
adhesive test. The cylinder test is a standard test to investigate
motor impairment following ischemic brain injury (24). It has
been applied widely to evaluate possible motor impairments
caused by stroke due to its simplicity, reliability and reproduc-
ibility (25). The other behavioral recovery was assessed with
the beam-walking test to detect motor coordination recovery
following stroke. The beam-walking test assesses motor ability
that requires muscle strength, coordination of flexor and
extensor muscles, and integration of sensory information (26).
Particular interest was given to the adhesive tests, which proved
to be useful to detect long-term deficits following stroke in
rats (27-29). In the present study, the adhesive test was used
to evaluate the recovery in sensory function. The assessment
of animal behavior showed that cerebral ischemia/reperfusion
caused the impairments of motor function, motor coordina-
tion, and sensory function in rats. However, the Ruyi Zhenbao
pill treatment increased the usage of contralateral forelimb and
reduced the time of crossing the beam, and the time required
to contact the adhesive tape.

In the normal brain, the occurrence of neurogenesis and
angiogenesis usually accompany each other, which is important
for the formation of neurovascular unit. Following ischemic
brain injury, this correlation still exist (8). The conditions that
enhance focal angiogenesis and neurogenesis exerted valuable
function via promoting functional recovery (30). The present
study detected an increase in the number of NeuN-positive
cells and vWF-positive vessels, suggesting that the Ruyi
Zhenbao pill could promote angiogenesis and neurogenesis
during the reperfusion period.

BDNF and NGF are members of the neurotrophin family
protein that exert strong survival and differentiation functions
during the development of the nervous system (31). BDNF and
NGF also represent a crucial signaling molecule in adaptive
brain plasticity following stroke (32). Interventions that improve
recovery of function are most often associated with increased
BDNF and NGF levels in perilesional areas (33). Conversely,
attenuating BDNF and NGF levels or its effects following
cerebral ischemia reduces neuroplastic changes or recovery
of function either spontaneously or induced by rehabilita-
tion (34). From these data, pharmacological strategies aimed at
increasing post-ischemic cerebral BDNF and NGF production
appear to be a promising option in the treatment of stroke.
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VEGF is an angiogenic and vascular permeability factor, which
also has neurotrophic, neuroprotective and neuroproliferative
effects (35). The ability of VEGEF to elicit angiogenesis and
neuroprotection has led to interest in its possible therapeutic
application in stroke. The present study demonstrated that the
recovery of neurological function in the stroke rats induced
by Ruyi Zhenbao pill treatment is mediated by the increase of
BDNF, VEGF and NGF. The present study demonstrates for
the first time that the Ruyi Zhenbao pill increase BDNF, VEGF
and NGF expression, and improves neurological function in
a stroke model. This finding has an important role in under-
standing the mechanism of action of the Ruyi Zhenbao pill in
the neurological functional recovery following stroke.

In conclusion, the results demonstrated that the Ruyi
Zhenbao pill improved neurological function following
ischemia in rats. The mechanism of the Ruyi Zhenbao pill
is associated with increasing the expression levels of BDNF,
NGF and VEGF, and subsequently promoting neurogenesis
and angiogenesis in the ischemic zone.
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