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Introduction: The study aimed to explore the effects of treatment with black bamboo 
rhizome extracts on learning and memory and determine the underlying mechanisms in rats 
with cerebral ischaemia-reperfusion injury.
Methods: Sprague-Dawley rats were randomly divided into the following four groups: 
control, middle cerebral artery occlusion (MCAO), low-dose drug, and high-dose drug 
groups. Rats underwent MCAO using a suture method before drug treatment. Then, neuro-
logical impairment was assessed using the Longa scoring method, and triphenyl tetrazolium 
chloride staining was used to analyse the cerebral infarction area. The Elliott formula was 
used to calculate water content in the brain tissue. A Morris water maze (MWM) was used to 
assess changes in learning and memory abilities, and Western blotting was used to detect 
cyclic adenosine phosphate response element-binding protein (CREB) and brain-derived 
neurotrophic factor (BDNF) expression in the hippocampus of MCAO rats.
Results: After treatment with black bamboo rhizome extracts, the neurological dysfunction 
score was lower in the drug groups than in the MCAO group, and a significant difference was 
observed between the high-dose drug and MCAO groups (P<0.05). Additionally, the cerebral 
infarction area was significantly smaller in the drug groups than in the MCAO group (P<0.01), 
and the effect was more obvious in the high-dose drug group than in the low-dose drug group. 
There was also a significant difference in water content between the high-dose drug and MCAO 
groups, and cerebral oedema was significantly reduced in the high-dose drug group (P<0.05). In 
the MWM, the incubation period was significantly reduced, the number of platform crossings 
was significantly increased, and the search time was prolonged in the drug groups compared with 
those in the MCAO group (P<0.05). Moreover, the expression of BDNF and CREB was 
significantly increased in the drug groups compared to that in the MCAO group, and the increase 
was more obvious in the high-dose group than in the low-dose group (P<0.05).
Discussion: Black bamboo rhizome extracts significantly improved cognitive dysfunction, 
reduced cerebral oedema, decreased the cerebral infarction area, and improved the neurological 
function score and learning and memory abilities in rats with cerebral ischaemia-reperfusion injury.
Keywords: rhizome of black bamboo root, cerebral ischaemia-reperfusion injury, cognitive 
function, CREB/BDNF, mechanism of action

Introduction
Cerebral ischaemia-reperfusion injury is caused by decreased blood perfusion and 
ischaemic damage to cells. Moreover, when blood reperfusion occurs, the structural 
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damage of brain cells and functional metabolism disorders 
get aggravated. Dong medicine is widely used in the 
treatment of nerve injury in the Wuling mountain area of 
China and has demonstrated curative effects, especially in 
cardiovascular and cerebrovascular diseases. However, 
chemical compositions, pharmacological actions, and 
mechanisms of several Dong medicines have not been 
reported in detail. Therefore, it is of great significance to 
investigate the efficiency of Dong medicine in prevention 
and treatment of cerebral ischaemia-reperfusion injury.

The rhizome of black bamboo root (BBR) comes from 
the rhizome of Phyllostachys nigra (Lodd. ex Lindl.) 
Munro plant, known in traditional Chinese medicine as 
Phyllostachys nigra root or Phyllostachys varioauriculata 
root. It is rarely used in traditional Chinese medicine1 and 
is believed to dispel wind and dampness and promote 
blood circulation and detoxification. It is mainly used for 
rheumatism, heat arthralgia, muscle and bone aches, ame-
norrhea, and rabies bite.2 However, there are few reports 
on its chemical constituents and pharmacological activity. 
Recent studies3,4 have demonstrated that purple bamboo 
root extracts have strong antioxidative and antiviral 
effects, effectively inhibiting viral activity. However, the 
efficiency of purple bamboo root in the prevention and 
treatment of cerebral ischaemia injury remains unclear. 
Therefore, to further determine the value and use of purple 
bamboo root, we established a focal cerebral ischaemia- 
reperfusion injury model to explore the therapeutic effi-
cacy of the purple bamboo root, and the neurological 
impairment score, brain infarct size, water content of the 
brain tissue, learning and memory ability, and cyclic ade-
nosine phosphate response element-binding protein 
(CREB) and brain-derived neurotrophic factor (BDNF) 
expression were determined. Our findings may shed light 
on the potential applications of purple bamboo root in 
cerebral ischaemia-reperfusion injury.

Materials and Methods
Main Instruments and Reagents
The following instruments and reagents were used in this 
study: a grinder, a stereo microscope (Nanjing Jiangnan 
Yongxin Optics Co., Ltd., SZ6100), Momofilaments 
(Beijing Cinonthch Co., Ltd., 1620), a water maze 
(Shanghai XinRuan Information Technology Co., Ltd.), 
a SuperMaze processing system (Shanghai Xin Soft, 
China), SDS-PAGE electrophoresis equipment (Bio-Rad, 
Mini Protean 3), a wet transfer membrane instrument (Bio- 

Rad, 170–3930), a decolorisation shaker (Jintan Medical 
Instruments, TY-80R), a chemiluminescence detection sys-
tem (Tanon, 5200), a pathology microtome (Shanghai 
Leica Instruments Co., Ltd. RM2235), Pelltobarbitalum 
Natricum (Shanghai Longsheng Chemical Co., Ltd., 
CAS: 57-33-0), triphenyltetrazolium chloride (TTC) 
(Sigma, T8877), a protein marker (Solarbio, PR1910), 
a protease inhibitor cocktail (Sigma, P8340), polyvinyli-
dene fluoride (Millipore, ISEQ00010), an electrochemilu-
minescence imaging system (Tanon, 180–5001), a BCA 
protein assay kit (Beyotime, P0010), CREB (Cell signal-
ing, 9197s), BDNF (Abcam, Ab108319), and HRP anti- 
rabbit antibody (Beyotime, A0208). Anti-Bcl-2 (Abcam, 
ab59348), Anti-Cleaved Caspase-3 (Abcam ab2302), Anti- 
Bax (RabMab EPR18283).

Medicine Preparation
The rhizomes of black bamboo roots (100 g) were ground 
and then decocted as follows: decocted with water for 
2 h and filtrated, decocted with water for 1.5 h and fil-
trated, and decocted with water for 1 h and filtrated. The 
three filtrates were combined, concentrated to 200 mL, and 
stored at 4 °C for further use, and the final concentration 
was 0.5 g/mL.

Animals and Grouping
A total of 144 SD rats (age, 8 weeks; weight, 220–250 g) 
were purchased from Nanjing Qinglongshan animal breed-
ing farm (Rat accreditation number, SCXK (su) 2017- 
0001). The rats were randomly divided into four groups 
(36 rats/each group). According to whether the rats under-
went ischaemia-reperfusion surgery, they were divided 
into the sham, model, low-dose drug, and high-dose drug 
groups. In brief, after the middle cerebral artery occlusion 
(MCAO) model was established, the rats were scored for 
neurological function and then grouped according to the 
scores; subsequently, these rats were subjected to intragas-
tric administration. All experiments were performed in 
accordance with the guidelines for the Care and Use of 
Experimental Animals (National Research Committee, 
1996) and were approved by the Ethics Committee for 
the use of experimental animals of Hunan University of 
Medicine (2020A101201).

TTC Staining
TTC powder (0.2 g) was dissolved in 10 mL PBS to make 
2% TTC dye solution. The rats in each group were decapi-
tated, and the brain tissues were collected and frozen at 
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−20 °C for 30 min. Coronal slices were made from the 
frontal lobe to the back of the hemisphere (2 mm). The 
slices were immersed in the TTC dye solution, incubated 
in a 37 °C incubator for 20 minutes, and turned once every 
5 minutes to protect from light. After washing, the slices 
were fixed in a 10% formaldehyde solution for 5–10 
minutes, the excess liquid was absorbed, and the slices 
were placed on a blue background to take pictures.

Establishment of a MCAO Rat Model
The rats were anaesthetised by intraperitoneal injection 
of 10% chloral hydrate (0.3 mL/ 100 g) and fixed in 
a supine position, and a median cervical incision was 
made. The right common carotid artery (CCA), the right 
internal carotid artery (ICA), and the right external 
carotid artery (ECA) were exposed and separated in 
turn, with a 4–0 line for standby. After ligating the 
CCA and ECA, a nylon thread treated with paraffin 
was inserted into the ICA at the bifurcation of the ICA 
and the ECA. The insertion length was about 18–20 mm 
from the bifurcation to the micro sensory resistance so 
that the head end of the thread passed through the 
beginning of the middle cerebral artery (MCA). The 
ICA was then ligated, and the nylon thread was fixed 
and sutured.

After 2 h of ischaemia, the rats were fixed, and the 
nylon thread was pulled out from the bifurcation of the 
ICA and ECA to achieve reperfusion. The model estab-
lishment was confirmed to be successful if the Longa 
score was greater than 1. Only the carotid artery was 
exposed and sutured in the rats in the sham group. The 
drug dosage was calculated according to the 
Pharmacopoeia of the People’s Republic of China and 
the weight of the rat. After successful modelling, the 
low-dose (1.35 g/kg) and high-dose (4.5 g/kg) drug 
groups were treated with black bamboo rhizome extract 
(BBRE) via gavage for 10 days.

Assessment of Neurological Function
The Longa scoring method was used to score neurological 
function.5 The scoring standard was as follows: 0, no 
neurological deficit; 1, the left forelimb could not be 
fully extended; 2, left in a circle; 3, dumped to the left 
when walking; 4, unable to walk on their own or loss of 
consciousness; 5, death. A score of 1–3 points indicated 
successful model induction in the rats.

Determination of the Cerebral Infarction 
Area
After successful modelling, the rats were decapitated, and 
their brains were removed immediately after the last dose 
of the BBRE for 60 min. After removing the olfactory 
bulb, cerebellum, and lower brain stem, the remaining 
brain tissue was placed in a refrigerator at −20 °C for 20 
min. Coronal slices were taken at an interval of 2 mm, 
usually seven slices were created; these slices were and 
then placed in 1% TTC phosphate buffer and incubated for 
30 min at 37 °C in the dark. Normal tissues would stain 
red, and infarcts would stain white. Brain slices were then 
fixed with 4% polyoxymethylene and photographed with 
a digital camera. Image J was used to analyse the infarct 
area and total area, and the percentage of the infarct area to 
the total area was recorded (Infarct area percentage (%) = 
pale area/brain slice area).6

Detection of Brain Water Content
Rats were euthanised with 10% chloral hydrate, decapi-
tated, and the skull was carefully peeled off with forceps. 
The whole brain was removed, weighed (wet weight), 
baked in a foil oven at 105 °C for 24 h, and then weighed 
(dry weight). Subsequently, the dry and wet weights were 
used to calculate brain tissue water content according to 
the Elliott formula7 as follows: brain water content (%) = 
(wet weight – dry weight)/wet weight × 100%.

Haematoxylin and Eosin Staining
The rats were maintained for 10 days after the operation 
and were euthanized. The brains were quickly removed 
and fixed with 4% paraformaldehyde for over 24 hours. 
The samples were then dehydrated, embedded in paraffin, 
and sectioned at 4-μm thickness. These slices were dried 
in an oven at 65 °C for 2 h and then placed in xylene I for 
20 min, xylene II for 20 min, anhydrous ethanol I for 10 
min, anhydrous ethanol II for 10 min, and 95% ethanol, 
90% ethanol, 80% ethanol, and 70% ethanol for 5 min 
each. After haematoxylin and eosin (HE) staining, the 
slides were mounted on neutral resin, and tissue morphol-
ogy and pathological changes were observed under 
a microscope.

Learning and Memory Assessment
Changes in the learning and memory abilities of rats were 
assessed after treatment with BBRE. After administration, 
the rats were subjected to Morris water maze training for 
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five days and tested on the sixth day to evaluate their 
learning memory ability.

Positioning navigation test (training): This experiment 
lasted for five days. Rats were trained once a day at a fixed 
time. They were placed in the water in the c, d, a, and 
b quadrants in turn. The time for rats to climb onto the 
platform within 120 sec after entering the water was 
recorded as the incubation period of the search platform 
in this quadrant. If the rats could not climb onto the plat-
form within 120 sec, they were led to the platform, and the 
incubation period was recorded as 120 sec. After all rats 
had completed the first quadrant training, they began the 
next quadrant training in turn until all rats had completed 
training in all the quadrants. At the end of training, the rats 
climbed on or were led to the platform, allowed to rest for 
30 sec, and then returned to their home cage. The average 
of the four-quadrant latencies was recorded as the escape 
latency of the training.

Space exploration experiment (test): The platform was 
removed on the 6th day after the positioning navigation 
experiment, and the rats were placed in the opposite quad-
rant of the platform from quadrant c (fourth quadrant). The 
amount of time spent in each quadrant and the number of 
times the rats crossed the quadrant where the platform was 
located were recorded within 120 sec. Quadrant a was the 
target quadrant, and quadrants b, c, and d were other 
quadrants.

Western Blotting Analysis
Rats were sacrificed by decapitation, and the hippocampus 
tissue was removed with scissors and placed into 
a homogeniser. One mg of tissue was added to 10 mL of 
lysis solution, and the homogenate was placed on ice for 
30 min. The lysed protein was transferred into a 1.5 mL 
centrifuge tube at 4 °C and centrifuged at 10,000 r/min for 
15 min. The supernatant was transferred to an Eppendorf 
tube, and the extracted protein was mixed with the loading 
buffer at a volume of 1:4 and then placed in a metal bath 
for denaturation at 100 °C for 10 min. After 10% SDS- 
PAGE electrophoresis, the protein bands were transferred 
to a PVDF membrane. The membrane was blocked with 
5% milk blocking buffer at room temperature for 1 h, 
washed three times with tris-buffered saline and Tween 
20 (TBST) for 5 min each time, and then incubated with 
anti-BDNF or CREB antibodies (1:1000) at 4 °C over-
night. After washing with TBST three times (5 min each), 
the membrane was incubated with the corresponding sec-
ondary antibody (which was diluted with the secondary 

antibody diluent (1:5000) according to the manufacturer’s 
instructions) for 1 h at room temperature. After washing 
with TBST three times (5 min each), the membrane was 
incubated with ECL detection reagents. Images were taken 
using a chemiluminescence imager. Image J software was 
used to quantitatively analyse the optical density of protein 
bands.

Statistical Analysis
Data from three independent experiments are presented as 
mean ± standard deviation. They were analysed using 
SPSS 23.0 software. The differences among groups were 
analysed using an analysis of variance (ANOVA). Tukey 
multiple comparison test was used for comparison 
between groups. For P<0.05, the difference was consid-
ered statistically significant.

Results
Treatment with BBRE Improved Nerve 
Function Deficits
The Longa score method was used to score neurological 
deficits in rats 10 days after drug administration. The 
neurological deficit score was lower in the drug groups 
than in the MCAO group, and a significant difference was 
observed between the high-dose drug group and the 
MCAO group (P<0.05). However, there were no signifi-
cant differences between the remaining groups (Figure 1). 
These findings indicate that treatment with BBRE can 
improve nerve function defects.

Treatment with BBRE Reduced the 
Cerebral Infarction Area
To explore the effect of treatment with BBRE on cerebral 
infarction, Image J was used to analyse and record the 
infarct area and total area of MCAO rats. The white area 
on the TTC stained images indicated the infarct area. The 
model group had the largest infarct area, and the high-dose 
group had the smallest infarct area.

Compared to the sham group, the MCAO model group 
showed a significantly increased cerebral infarction area 
(P<0.01). After administration of BBRE for 10 days, the 
cerebral infarction area was significantly reduced in 
the drug groups compared with that in the MCAO group; 
the reduction was more remarkable in the high-dose drug 
group than in the low-dose drug group (P<0.01, Figure 2).
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Treatment with BBRE Reduced Brain 
Oedema
To verify the effect of treatment with BBRE on brain 
oedema, HE staining was performed, and brain tissue 
water content was calculated using the Elliott formula. 
Compared with the MCAO group, the high-dose drug 
group showed significantly reduced cerebral oedema 
(P<0.05). However, the reduction was not statistically sig-
nificant in the low-dose drug group (Figure 3A). HE 
staining showed that there were more neurons in the hip-
pocampus, and the structure was normal and neatly 
arranged in the control group. However, neurons in the 
MCAO group were obviously degenerated and necrotic. 
Notably, the number of neurons was increased, and neu-
ronal degeneration and necrosis were decreased in the drug 
treatment groups. The decrease in neuronal degeneration 
and necrosis was more obvious in the high-dose drug 
group than in the low-dose group (Figure 3B).

Treatment with BBRE Improved Learning 
and Memory Abilities
A longer escape latency in the positioning navigation experi-
ment and fewer instances of crossing the platforms in the 
space exploration experiment indicate deficits in learning and 
memory abilities. The escape latencies of rats in the sham, 
low-dose drug, and high-dose drug groups at each detection 

time point were gradually reduced from the 1st day to the 
5th day of training, indicating that the rats had normal learn-
ing and memory abilities. The time to find the platform was 
significantly decreased in the drug groups, especially in the 
high-dose drug group, compared with that of the MACO 
group. On the 6th day of the experiment, after the platform 
in the target quadrant was removed, the time spent in the 
target quadrant was the longest in the sham group and the 
shortest in the MCAO group. The time spent in the target 
quadrant was significantly higher in the drug groups than in 
the MCAO group. In addition, the number of times the rats 
crossed the hidden platform was the highest in the sham 
group, while that in the MCAO group was the lowest. The 
number of platform crossings in the drug groups was sig-
nificantly higher than that in the MCAO group, and the effect 
was the most obvious in the high-dose group (P<0.05, 
Figure 4).

Treatment with BBRE Upregulated BDNF 
and CREB Expression in the Hippocampus
Compared with the sham group, the model group, low-dose 
drug group, and high-dose drug group showed significantly 
decreased expression of CREB in the hippocampus (P<0.05, 
P<0.01). Compared with the MCAO model group, the low- 
dose and high-dose drug groups showed significantly 
increased expression of CREB, and the effect was more 
obvious in the high-dose drug group than in the low-dose 

Figure 1 Effect of black bamboo rhizome extract on neurological deficits in MCAO rat models. (A) The neurological deficit score in MCAO rats after 2 hours of treatment 
with rhizome extract of black bamboo. (B) The neurological deficit score in MCAO rats after 10 days of treatment with rhizome extract of black bamboo. **P<0.01, vs sham 
group; #P<0.05, vs MCAO group. 
Abbreviation: MCAO, middle cerebral artery occlusion.
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group (P<0.01). The model and low-dose drug groups 
showed lower expression of BDNF in the hippocampus 
than did the sham group (P<0.05). Moreover, compared 
with the MCAO model group, the drug treatment groups 
showed increased BDNF expression, and a significant dif-
ference was found between the high-dose drug group and the 
model group (# P<0.05). There was no significant difference 
between the low-dose group and the model group (Figure 5).

Treatment with BBRE Increased Bcl-2 
Expression and Decreased Caspase 3 and 
Bax Expression
Expression levels of caspase 3 and Bax were higher in the 
model group than in the sham group, and those of bcl-2 
were lower in the model group than in the sham operation 
group (P<0.01). Notably, expression levels of caspase 3 

Figure 2 Effect of black bamboo rhizome extract on the cerebral infarction area in the MCAO rat models. (A) TTC staining results. (B) The ratio of cerebral infarction area 
(%). *P<0.05, **P<0.01, vs sham group; #P<0.05, ##P<0.01, vs MCAO group. 
Abbreviations: MCAO, middle cerebral artery occlusion; TTC, triphenyl tetrazolium chloride.
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and Bax were lower in the drug treatment groups than in 
the model group, but those of bcl-2 were higher in the drug 
treatment groups than in the model group (P < 0.01, 
Figure 6).

Discussion
The rhizome of black bamboo is a type of Dong medicine; 
black bamboo is widely distributed in the south of the 
Yangtze River in China. Previous investigations have 
found that the rhizome of black bamboo mainly contains 
triterpenoids, saponins, alkaloids, phenols, amino acids, 
sugars and their glycosides, and volatile oils. Research 
has shown that panaxnotoginsenosides, ginsenosides, 
Rgl, and Rbl play important roles in the treatment of 
ischaemic cerebral infarction.8 Poria triterpenoids can sig-
nificantly inhibit HL-60 cell viability and effectively 
remove superoxide anion, hydrogen peroxide, and 

hydroxyl free radicals.9–11 In addition, triterpenoids have 
been shown to have different degrees of inhibitory effects 
on various bacilli, cocci, and viruses.12 Notably, accumu-
lating studies have shown that the rhizome of black bam-
boo protects optic ganglion cells and lowers blood 
sugar.13,14 In this study, we found that treatment with 
BBRE improved neurological impairment scores, reduced 
the cerebral infarction area, decreased cerebral oedema, 
improved learning and memory, and increased expression 
of CREB and BDNF proteins in rats with cerebral ischae-
mia-reperfusion injury. Our findings suggest that treatment 
with BBRE protects the nerve cells and improves cogni-
tive dysfunction caused by cerebral ischaemic disease.

The CREB transcription factor is an important down-
stream factor in the extracellular regulated protein kinases 
pathway, which is involved in the generation, proliferation, 
survival, and neuroprotection of neurons, as well as brain 

Figure 3 Effect of black bamboo rhizome extract on brain oedema in the MCAO rat models. (A) Brain tissue water content in each group. *P<0.05, **P<0.01, vs sham 
group; #P<0.05, vs MCAO group. (B) Haematoxylin and eosin staining showed that neuronal degeneration and necrosis were significantly decreased in the high-dose drug 
group. 
Abbreviation: MCAO, middle cerebral artery occlusion.
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development. In addition, CREB reduces brain injury and 
improves learning and memory.15–17 For example, Li et al 
showed that Curdione improved the cognitive function of 
rats by upregulating the expression of CREB/BDNF in 
cerebral ischaemia-reperfusion injury, and Chava18,19 

found that CREB stimulated angiogenesis and reduced 
vascular endothelial leakage by upregulating the expres-
sion of Ang-1. These findings are in line with our results 
showing that the effects of BBRE on brain oedema caused 
by cerebral ischaemia-reperfusion injury might be modu-
lated by the CREB signalling pathway.

BDNF is a neurotrophic factor known to promote nerve 
growth. It is widely distributed in the nervous system, 

especially in the hippocampus and cortex, and plays an 
important role in maintaining neuronal function and 
repairing neurons by participating in the growth of axons 
and dendrites and the formation of synapses.20 Therefore, 
decreased levels of BDNF expression in the brain tissue 
likely reflect the degree of damage to cognitive function. 
In addition, the effect of BDNF on neurons is regulated by 
CREB in the brain, and CREB activity is modulated by 
phosphorylation of CREB. In fact, phosphorylated CREB 
is known to be a regulatory factor that induces the expres-
sion of BDNF, and BDNF expression promotes phosphor-
ylation of CREB.21,22 This study found that the drug 
treatment groups showed significantly increased 

Figure 4 Effect of black bamboo rhizome extract on learning and memory abilities in MCAO rat models. (A) escape latency; (B) time spent in the target zone; (C) platform 
crossing (times); (D) movement pattern of each group. *P<0.05, **P<0.01, vs sham group. # P<0.05 vs MCAO group. 
Abbreviation: MCAO, middle cerebral artery occlusion.
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Figure 5 Effect of black bamboo rhizome extract on the expression of CREB and BDNF in the hippocampus in MCAO rat models.*P<0.05, **P<0.01, vs sham group; 
#P<0.05, vs MCAO group; ##P<0.05, vs low-dose group. 
Abbreviations: BDNF, brain-derived neurotrophic factor; CREB, cyclic adenosine phosphate response element-binding protein; MCAO, middle cerebral artery occlusion.

Figure 6 Effect of black bamboo rhizome extract on expression of Bax, Bcl-2, and Caspase 3 in MCAO rat models. (A) Western blot of Bax, Bcl-2, and Caspase 3 in rats of 
difference groups; (B) Expression level of Bax in rats of different groups; (C) Expression level of Bcl-2 in rats of different groups; (D) Expression level of Caspase 3 in rats of 
different groups. *P<0.05, **P<0.01, vs sham group; ## P<0.01, vs MCAO group. 
Abbreviation: MCAO, middle cerebral artery occlusion.
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expression of BDNF and CREB and improved cognition 
function (P<0.01 or P<0.05). BDNF is highly expressed in 
normal brain tissues. We found that the expression of 
BDNF was decreased in the MCAO group, but it was 
significantly increased in the high-dose group compared 
with that in the MCAO group (P<0.05). These findings 
suggest the neuroprotective effect of BBRE.

Nerve cell apoptosis is closely related to Bcl-2 and cas-
pase-3. The Bcl-2 protein family is mainly involved in the 
endogenous apoptosis pathway of cells, as well as the reg-
ulation of cell apoptosis, and has been proven to inhibit 
apoptosis.23,24 Caspase-3 is a key protease in the caspase 
family and is an important protein for the initiation of apop-
tosis. After acute cerebral infarction, the expression level of 
Bcl-2 decreases, the expression level of caspase-3 increases, 
and the overall anti-apoptotic ability decreases. Our study 
suggests that BBRE improves cognitive function of rats by 
regulating the expression of Bcl-2, caspase 3, and Bax in the 
brain in rats with cerebral ischaemia-reperfusion injury.

To the best of our knowledge, this study is the first to 
assess the neuroprotective effect of BBRE against cerebral 
ischaemia-reperfusion injury. Our findings provide a basis 
for future research. Further studies are needed to identify 
the active ingredients. The present findings suggest that 
the rhizome of black bamboo roots, a Dong medicine, can 
significantly improve the learning and memory ability in 
cerebral ischaemia/reperfusion injury model rats, probably 
due to increased expression of CREB and BDNF.
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