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Abstract
Background and Objective: Bambusa  arundinaceae  leaves are widely used for treating numerous diseases in Indian traditional medicine.
The current study explored the neuroprotective effect of  Bambusa  arundinaceae  leaves ethanolic extract (EEBA) on memory impairment
induced by streptozotocin (STZ) in mice. Materials and Methods: The neuroprotective effect of EEBA (100 and 200 mg kgG1 b.wt., p.o.)
was assessed in the Morris Water Maze (MWM) test, Pole Climbing Test (PCT) and in the Elevated Plus Maze  (EPM)  test  in  comparison
with standard piracetam (100 mg kgG1 b.wt., i.p.). The activity of acetylcholinesterase (AChE), malondialdehyde (MDA) and reduced
glutathione (GSH) were also measured in various mice brain regions. Gene expression was also performed by RT-PCR and western blot
test. Results: Treatment with EEBA 200 mg kgG1 showed a significant effect in all behavioral tests that demonstrated neuroprotective
activity. EEBA treatment significantly reduced the AChE and MDA levels in mice brain regions, along with a rise in GSH level. RT-PCR results
showed Bax and Bak mRNA were down-regulated, while Bcl-2 mRNA and protein were up-regulated in EEBA (200 mg kgG1) group. NR1,
NR2B and GAP-43 proteins lead to the reduction of brain cell damage. EEBA 200 mg kgG1 showed a significant effect by shielding against
STZ induced brain damage by interacting with these proteins. Conclusion: The effect of EEBA (200 mg kgG1 b.wt.) on behavioral and
biochemical parameters was comparable with that observed in piracetam treated rats. These findings indicated that EEBA may exert a
neuroprotective effect that may be accredited to inhibiting AChE and regulating the protein expression in the brain as well as its
antioxidant mechanisms.
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INTRODUCTION

One of the most common neurodegenerative disorders is
Alzheimer's Disease (AD) which causes the loss of memory.
The AD most frequently affects people1,2 over the age of 65.
AD's pathophysiology is multifarious and involves excessive
accumulation of neurofibrillary tangles and amyloid-$ plaques
in the brain3. Increasing evidence indicates that the loss of
cholinergic neurons of basal forebrain with reduced
acetylcholine (ACh) levels is accountable for the main signs of
AD4. ACh is considered to be a major learning and memory-
related neurotransmitter4,5. Therefore, for the symptomatic
treatment of AD, acetylcholinesterase (AchE) inhibitors that
decrease ACh degradation were used in clinical use.
Nonetheless, restricted effectiveness, peripheral cholinergic
side effects, low bioavailability and most significantly, no
significant effect are limitations on the performance of
currently available AChE inhibitors on disease progression.
Thus, there is a serious medical need to look for new
treatment strategies to address various cognitive disorders.

Streptozotocin (STZ), which was originally known as an
antibiotic, is a glucosamine-nitrosourea derivative. It is toxic to
$-cells of the pancreas is normally transported by Glucose
Transporter 2 (GLUT2) and is widely used in animals to cause
experimental diabetes in animals6. Administration of STZ by
routes such as intracerebroventricular or intraperitoneal
injection results in decreased comprehension and increased
total tau protein, aggregated A$ fragments and A$ deposits.
Such improvements are followed by a decline in the "/$ ratio
of Glycogen Synthase Kinase (GSK-3) in the brain. It has been
shown that the administration of STZ in the brain of a mouse
induces oxidative stress, neuroinflammation and biochemical
changes, which is regarded as a reliable experimental model
of neurodegenerative disease early pathophysiological
changes6.

STZ has been reported to have an impact on animal
memory acquisition, consolidation and recall7. Memory loss
caused by STZ is linked with a significant rise in levels of AChE
and MDA and decreased GSH8.

Bambusa arundinaceae (F. Gramineae) is a popular
medicinal plant locally known as bamboo or bans and
popularly known for their industrial applications. Bamboo
shoots are eaten in various forms because they are low in fats
and high in potassium, carbohydrates, dietary fibers, vitamins
and active constituents9. A bamboo culm consists of an
internode and a node, which is solid and gives the plant
structural integrity. One or more buds are present on the node
which produces  side  branches.  The  burnt  root  is  applied to

bleeding gums; ringworms and tender joints10. Seeds are acrid
in taste, used as a laxative in strangury and urinary discharges.
Stems are used in diabetes11. The bark is used for rashes in the
skin. The leaf is an antileprotic, emmenagogue and febrifuge
and antitussive10. It also has estrogenic12, analgesic and
antipyretic activities13.

The present study was therefore designed to investigate
the neuroprotective effect of  Bambusa  arundinaceae  leaves
ethanolic extract (EEBA) on memory impairment induced by
STZ in mice in the MWM test, PCT and in the EPM test. The
activity of AChE and oxidative stress parameters viz., MDA and
GSH were also assessed in the cortex, cerebellum and
hippocampus of mice brain. Gene expression was also
performed by RT-PCR and western blot test.

MATERIALS AND METHODS

The study was carried out at Hygia Institute of
Pharmaceutical Education and Research, Lucknow, India from
July, 2014-2015.

Collection of plant: Bambusa arundinacea leaves were
collected from the local garden in Lucknow, India. They were
authenticated by taxonomists from National Botanical
Research Institute, Lucknow, India. 

Preparation of ethanolic extract of Bambusa arundinaceae
leaves (EEBA): Bambusa arundinaceae leaves were dried in
shade, crushed and sieved through a 40-mesh sieve. The
powdered  leaves  underwent Soxhlet extraction at 50EC  for
6 h with ethanol. After evaporation of the ethanol, the
resulting crude extract was successively washed with
chloroform, petroleum ether and ethyl acetate, completely
dried and kept in a desiccator. The crude extract for its
antiamnesic activities has been subjected to phytochemical
investigation14 and pharmacological screening.

Chemicals:    Streptozotocin,   Triton  X-100,  sodium
hydroxide, sodium chloride, acetylthiocholine iodide, Bovine
Serum  Albumin   (BSA),  Folin-Ciocalteu’s hydrochloric acid,
5,5-dithiobis (2-nitro-benzoic acid) (DTNB), 2-thiobarbituric
acid (TBA) and trichloroacetic acid (TCA) were purchased from
Sigma-Aldrich (St. Louis, USA). Trizol, Revert Aid H Minus first
strand cDNA synthesis kit and Maxima SYBR green were
acquired from Thermo Fischer Scientific (Mumbai, India).
Piracetam (Nootropil®)  was purchased from UCB  India Pvt.
Ltd. (Mumbai, India).
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Animals: The experiments were conducted in Swiss albino
mice (20-25 g). Each group consisted of six mice (n = 6).
Animals were purchased from Central Drug Research
Institute's Laboratory Animal Services  Division, Lucknow,
India. They were kept in polyacrylic cages (22.5×37.5 cm) and
kept under standard environmental conditions: Room
Temperature (RT), 24-27EC and humidity, 60-65% with 12 h
light:   12   dark  cycles.  The  water  and  food  were available
ad  libitum. The study was approved by the Institutional
Animal Ethics Committee (IAEC) in accordance with the
Committee for the Purpose of Control and Supervision of
Experiments on Animals (1088/07/CPCSEA) regulation and
ethical standards were strictly followed during all procedures.

Experimental design: Intracerebral  (i.c.)  STZ induced
memory   impairment   in  mice:  STZ  administered  centrally
in subdiabetogenic dose produces memory impairment in
rodents8. In freshly prepared artificial CSF (aCSF), STZ was
dissolved     and    administered    gradually    by    i.c.    route
(0.5 mg kgG1, 10 µL). The mice were anesthetized with chloral
hydrate (300 mg kgG1, i.p.) and the scalp had a midline sagittal
incision. A 27-gauge hypodermic needle attached to a 100 µL
Hamilton syringe was injected (2.5 mm depth) into the brain
vertically through the skull. The injection site was on a line
traced through the anterior base of the ears 2 mm from either
side of the midline15.

Grouping of the mice: STZ induced memory impairment
model was validated in mice using piracetam, a nootropic
agent. STZ was given to animals for 1-3 days through i.c. route.
EEBA (100 and 200 mg kgG1, i.p.) was given for 14 days after
the 1st dose of STZ in mice. EEBA was evenly suspended in 1%
carboxymethyl cellulose  (CMC)  dissolved  in  water  and given

perorally (p.o.). The group administered  with   CSF (i.c.) on
days 1 and 3 and CMC (10 mL kgG1, p.o.) for 14 days served as
a vehicle group. The behavioral testing was initiated from the
14th day after 1st dose of STZ. The standard drug was also
administered for 14 days and behavioral tests were performed
from  14th day onwards (Fig. 1).  Animals  were  distributed
into  six  groups  each  containing  6  animals  (Table  1). STZ
(0.5 mg kgG1, i.c.) was administered 5 min before the day 1 trial
(session 1) was started to induce memory impairment16,17.

Acute toxicity study: The acute toxicity tests were carried out
in compliance with the Organization for Economic
Cooperation and Development (OECD) guidelines 425 for the
study  of  chemical  substances  for  acute oral toxicity18. Mice
(n = 6) were treated with varying EEBA doses through the
peroral route (50, 250, 500, 1000 and 2000 mg kgG1), though
the control group provided saline (10 mL kgG1, i.p.). For any
gross effect, all the groups were examined until 6 h and the
mortality rate after 24 h of treatment was observed. 

Evaluation of memory in mice
Morris Water Maze (MWM) test: The MWM is comprised of a
circular pool (45 cm diameter, 26 cm height), filled with water
to a depth of 20 cm at 26±1EC and made dense white color.
The pool was composed of four hypothetical quadrants. An
escape  platform was positioned 1 cm under the surface of the 

Table 1: Grouping of the mice
Groups (n = 6) Administration of test drug/standard drug
1 Control 
2 aCSF (i.c.) group 
3 STZ (0.5 mg kgG1, i.c.) 
4 Piracetam (100 mg kgG1, i.p.)+STZ (0.5 mg kgG1, i.c.)
5 EEBA (100 mg kgG1, p.o.)+STZ (0.5 mg kgG1, i.c.)
6 EEBA (200 mg kgG1, p.o.)+STZ (0.5 mg kgG1, i.c.)

Fig. 1: Administration of vehicle, standard and test drugs
EPM: Elevated plus maze, ICV: Intracerebroventricular, MWM: Morris water maze, PCT: Pole climbing test, SRT: Social recognition test, STZ: Streptozotocin
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water. Four different starting points were set around the pool
perimeter for the mice. In a pseudorandom sequence, all four
starting points were used once on each of the five training
days. The water maze was placed in a large room with a
variety of visual signs of the extra maze. The trail started by
putting the  animal  in  the  water facing the pool wall at one
of the starting points. If the animals  failed to escape within
120 sec on the platform, the researcher gently placed them
there  and  allowed  them to stay for 30 sec. On five
consecutive days, each animal has been exposed to a daily
session of four trials. Escape Latency Time (ELT) was noted as
an index of learning to locate the concealed platform in water
maze19,20.

Pole Climbing Test (PCT): The effect of EEBA on STZ induced
memory impairment was assessed in Swiss albino mice. The
mice were then divided into six groups of six mice in each
group and the behavior study in the pole climbing apparatus
was carried out. The passive avoidance test is a broadly
accepted simple and fast way of testing memory. A "step-
through" apparatus consisting of an illuminated and dark
compartment (each 20.3×15.9×21.3 cm) adjoining each
other was used to determine the passive avoidance response.
Floors were made of stainless steel rods of 3.175 mm, set apart
by 8  mm.  The test was conducted at the same time daily for
2 consecutive days. Every animal was put in the illuminated
compartment facing away from the dark compartment on the
first day (learning trial). Once the animal enters into the dark
compartment   absolutely,  it  experiences  an  electric shock
(1 mA, 3 sec) through the grid floor  made  up  of stainless
steel. The time taken for the animal to reach the dark
compartment was automatically recorded and defined as
step-through latency. The same test procedure was followed
on the 2nd day  (testing  trial).  The  test  was  terminated
when the animal did not  enter  the  dark  compartment within
30 sec and the latency of 30 sec was reported by Joshi and
Parle17.

Elevated Plus Maze (EPM) test: The elevated plus maze acted
as the paradigm of exteroceptive behavior (where the
sensation occurred outside of the body) for evaluating mice’s
learning and memory. Two covered arms (16×5×12 cm) and
two open arms (16×5 cm) formed the apparatus. The arms
extended from a central platform (5×5 cm) and the maze was
raised from the floor to a height of 25 cm. Each animal was
positioned at the end of the open arm on the 1st day, facing
off the central platform. Transfer Latency (TL) was taken as the

time it took for an animal to shift into one of the covered arms
with all its four legs. On the first day, TL was documented. If
within 90 sec the animal does not enter one of the covered
arms, it was gently pushed into one of the two covered arms
and the TL was assigned as 90 sec. The animal was permitted
to explore the maze for 10 sec and then returned to its home
cage. Memory retention was observed 24 h after the 1st day
trial i.e., on the 2nd day21.

Locomotor activity: After an acclimatization time of 15 min,
animals were independently put in the activity cage for 10 min
and their activity was observed. The photocell counts were
calculated and locomotor activity increase or decrease was
determined.

Biochemical estimation of oxidative stress markers: On the
5th day, after the behavioral studies had been completed,
mice were sacrificed with an overdose of diethyl ether
anesthesia. The brain was separated from each mouse, placed
on an ice-cold plate and then dissected into the hippocampus
and cerebral cortex. 

Preparation of brain homogenate: Samples of brain tissue
(hippocampus and cerebral cortex) were washed and
homogenized   with   ice-cold   0.1   M   phosphate  buffer of
pH 7.4, 10 times and used to calculate AChE, MDA and GSH
levels22,23.

Estimation of AChE activity: The brain homogenate (500 µL)
was  combined  with  1%  Triton  X-100  and  centrifuged  for
60 min at 10,000×g at 4EC. The supernatant was collected
and used for the measurement of AChE. The mixture included
0.4  mL  of  supernatant,  20  µL  of  acetylthiocholine iodide,
2.4 mL phosphate buffer (pH 8) and 100 µL of DTNB for doing
assay. The absorbance shift was measured with a
spectrophotometer  for  10  min  at  an  interval  of  2 min at
412  nm.  AChE  activity   was   expressed   as   µmol   minG1

(mg protein)22,24.

Estimation of MDA level: About 0.5 mL of tissue homogenate,
0.5 mL distilled water and 1.0 mL 10% TCA was added, mixed
properly and centrifuged for 10 min at 3,000 g. To 0.2 mL
supernatant, 0.1 mL TBA was added. The total solution was
placed in a water bath at 80EC for 40 min and then cooled at
RT. The clear supernatant absorbance was measured in a
spectrophotometer at 532 nm. The amount of MDA has been
expressed as nmol mgG1 protein22,24.
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Table 2: RT-PCR study of various proteins
Primers name Orientation Sequence (5'-3')
Bax F GCTACAGGGTTTCATCCAGGAT

R ATGTTGTTGTCCAGTTCATCGC
$-actin F GATCAGCAAGCAGGAGTACGAT

R GTAACAGTCCGCCTAGAAGCAT
Bcl-2 F GCAAAGCACATCCAATAAAAGCG

R GTACTTCATCACGATCTCCCGG
Caspase-3 F GGAAGATCACAGCAAAAGGAGC

R GCAGTAGTCGCCTCTGAAGAAA

Estimation of GSH level: The amount of GSH was determined
by its reaction to DTNB (Ellman’s reagent) to obtain a yellow
chromophore whose absorbance was spectrophotometrically
determined. The brain homogenate was combined with an
identical amount of 10% TCA and centrifuge at 200×g at 4EC
for  10 min. The supernatant had been used in estimating GSH.
To 0.1 mL of the processed  tissue  sample,  0.5  mL  of  DTNB,
2 mL of phosphate buffer (pH 8.4) and 0.4 mL of double-
distilled water were added and vigorously shaken on vortex.
The absorbance was taken within 15 min, at 412 nm. The
amount of GSH has been expressed as nmol mgG1 protein22,24.

RT-PCR (reverse transcription-polymerase chain reaction)
examination: Total RNA was extracted from hippocampal
tissue using the Trizol reagent, following instructions from the
manufacturer. A high-capacity cDNA Reverse Transcription Kit
was used. The quantitative RT-PCR was done using the
Thermo Scientific Luminaris Color HiGreen qPCR Master Mix.
Also,   mRNA-specific   primers  for  Bax,  Caspase-3, Bcl-2 and
$-actin as a housekeeping gene were done and according to
Livak and Schmittgen25, relative gene expression was
determined after data analysis (Table 2).

Western blot analysis: Brain samples were taken from the
mice’s hippocampal tissue. Hippocampal tissue was
homogenized  with  a  lysis  buffer (50 nM LG1 NaCl, 1% Triton
X-100, 1 mM LG1 EDTA, 0.5% SDS, 20 mM LG1 Tris HCl and 0.5%
sodium deoxycholate; pH 7.5) and centrifuged for 20 min at
15,000×g. Protein samples (50 µg) per lane were performed
on a polyacrylamide gel, transferred to a Polyvinylidene
Difluoride  (PVDF)  membrane  (Millipore, Billerica) and
blocked for 2 h with 5% milk solution (non-fat dry milk in
Phosphate Buffered Saline (PBST). The membrane was
incubated overnight with the following specific antibodies at
4EC: phospho-Akt (1:1000; Cell Signaling Technology), rabbit
polyclonal anti-ChAT (1:1000; Cell Signaling Technology,
Boston, MA, United States), Akt (1:1000; Cell Signaling
Technology), phosphoCREB (1:1000 dilution), CREB (1:1000

dilution), ERK1/2 (1:1000 dilution), phospho-ERK1/2
(Thr202/Thr204) (1:1000, dilution), BDNF (1:1000, dilution),
NR1 (1:1000, dilution), NR2B (1:1000, dilution),  GAP-43
(1:1000, dilution) and mouse monoclonal anti-$-actin
(1:10000; dilution). Upon five times washing with Tris Buffered
Saline with Tween (TBST), the membranes were then
incubated  for   1   h   at   RT   with   the   respective  conjugated
anti-rabbit IgG (1:10000; dilution). Immunoreactive proteins
were quantified using enhanced chemiluminescence (ECL) kit
and the relative density of the protein bands was scanned
using a LAS 4000 Fujifilm imaging system and analyzed using
Quantity-One software through densitometric evaluation.

Estimation of protein: Protein for AchE has been estimated in
all brain regions as described earlier by Wang and Smith26 and
protein for MDA and GSH by Lowry et al.27  method. Standard
BSA (1 mg mLG1) was used.

Statistical analysis: Results were expressed as mean±SEM.
The statistical significance of difference among the different
groups was determined by one-way ANOVA followed by
Bonferroni’s  post  hoc  test using GraphPad Prism 5 software
(GraphPad Inc. (California, USA) for MWM test, EPM test, PCT,
AChE, MDA and GSH estimation. The significance level for
Bonferroni’s multiple comparison test was set to 0.05 for 3 or
more groups and p<0.05 was considered statistically
significant. Statistical analysis was done by one-way ANOVA
followed by Dunnett's multiple comparison assay for RT-PCR
analysis and Western blot analysis.

RESULTS

Phytochemical screening: The phytochemical screening
results showed the presence of flavonoids, phytosterol,
alkaloids, phenolic compounds, reducing sugar, glycosides,
proteins and amino acids.

Assessment of acute toxicity: The EEBA showed a wide safety
margin as no gross behavioral changes were observed and
death was recorded up to 2000 mg kgG1 b.wt., p.o. up to 48 h.

Effect of EEBA on STZ induced memory impairment in the
MWM test: As illustrated in Fig. 2, control and aCSF groups
showed a significant reduction (p<0.05) in latency time from
3rd session onward compare to session 1. Though, no
significant decrease in latency time (p>0.05) was found during
all the 5 sessions in STZ treated animals. 
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Fig. 2: Effect of EEBA on STZ induced memory impairment in MWM test
Data are expressed as mean escape latency time (s)±SEM (n = 6), *Significant difference (*p<0.05, **p<0.01 and ***p<0.001) in compare to the session 1

Fig. 3: Effect of EEBA on STZ induced memory impairment in the EPM test
Data are expressed as mean latency time (s)±SEM (n = 6), *Significant difference (*p<0.05) compare to the respective trial of control and aCSF groups and
#Significant difference (#p<0.05) in comparison to the STZ group

EEBA (100 and 200 mg kgG1) showed dose-dependent
amelioration of STZ induced memory impairment as revealed
by significant reduction (p<0.05) in latency time in the MWM
test. Preventive treatment with piracetam in STZ injected mice
showed a significant decrease in latency to reach the hidden
platform in the MWM test. No significant change was found
among the latency time of session 1 (p>0.05) and 2 (p>0.05)
of all the groups. 

Effect of EEBA on STZ induced memory impairment in the
EPM test: EEBA (100 and 200 mg kgG1) effect was studied on
the 14th and 15th day after administration of the first dose of
STZ in mice on STZ induced memory impairment in the EPM

test. As illustrated in Fig. 3, i.c. injection of STZ caused a
significant  increase (p<0.05) in latency time during acquisition
and retention trials relative to control and aCSF groups
suggesting memory impairment. 

The   standard  piracetam   avoided   STZ  induced
memory impairment as displayed by a significant reduction
(p<0.05) in latency time during acquisition as  well as
retention    trials   as   compared   to   the  STZ  group. EEBA
(200 mg kgG1) administration caused significant (p<0.01)
reduction in acquisition and retention latencies in comparison
to the STZ group. Though, EEBA (100 mg kgG1) reduced
latency  time  significantly  (p<0.05)  in  the  retention trial
only. 
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Fig. 4: Effect of EEBA on STZ induced memory impairment in PCT
Data are expressed as mean latency time (s)±SEM (n = 6), *Significant difference (*p<0.05) compare to day 1 of the respective group

Fig. 5: Effect of EEBA on AChE activity in STZ induced memory impaired mice brain
Data are expressed as mean AChE activity µmol/min/mg protein) ±SEM (n = 6), #Significant increase (#p<0.05) compare to the control group and *Significant
decrease (*p<0.05) compare to the STZ group

Effect    of    EEBA  on  STZ   induced    memory   impairment
in    PCT:  As  illustrated  in  Fig.   4,  the  control  group
reported     a   significant   reduction   (p<0.05)   in    latency
time   from   day   3   onwards   when   compared   to   day   1.
i.c.     administration    of    aCSF    had   no   significant   effect
on    PCT   as   shown   by   a   significant   decrease   (p<0.05)
in     latency   time   on   4th    and    5th   day   compared   to
day 1.

STZ treated animals took more time while the piracetam
and EEBA (100 and 200 mg kgG1) treated groups showed
significantly (p<0.05) less time to reach the pole in the pole
climbing apparatus.

Effect of  EEBA on locomotor activity: There was no
significant change in the spontaneous locomotor activity
between different groups was observed.

Effect of EEBA on AChE activity in STZ induced memory
impaired mice brain: The AChE activity (µmol/min/mg
protein) was assessed in brain regions of mice after the
conduction   of  behavioral  studies. STZ caused significant rise
in  AChE  activity  in  hippocampus (p<0.05)  and cortex
(p<0.01)  in  comparison  to control and aCSF groups. There
was however no significant difference (p>0.05) in AChE
activity of control  and  aCSF  group (Fig. 5). 
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Fig. 6: Effect of EEBA on MDA level in STZ induced memory impaired mice brain
Data are expressed as mean MDA level (nmol mgG1 protein) ±SEM (n = 6), #Significant increase (#p<0.05 and ##p<0.01) compare to the control group and
*Significant reduction (*p<0.05 and **p<0.01) compare to the STZ group

Fig. 7: Effect of EEBA on GSH level in STZ induced memory impaired mice brain
Data are expressed as mean GSH level (µg mgG1 protein) ±SEM (n = 6), #Significant reduction (#p<0.01) compare to the control group and *Significant increase
(*p<0.05 and **p<0.01) compare to the STZ group

Piracetam significantly (p<0.05) prevented STZ induced
elevation in AChE activity in cortex and hippocampus and
cerebellum. Treatment with EEBA (100 and 200 mg kgG1)
significantly (p<0.05) reduced AChE activity in hippocampus
(p<0.05) and cortex (p<0.05) of STZ injected mice. 

Effect of EEBA on MDA level in STZ induced memory
impaired mice brain: As illustrated in Fig. 6, the MDA level
significantly increased in cerebellum (p<0.05), cortex (p<0.01)
and hippocampus (p<0.01) of STZ treated mice as compared
to control and aCSF groups. Treatment with piracetam
significantly reduced MDA level  in  cerebellum (p<0.05),
cortex (p<0.01) and hippocampus (p<0.01) compare to STZ
group. 

EEBA (100 mg kgG1) treatment decreased STZ induced
level of MDA in hippocampus (p<0.05) and cortex (p<0.01)
significantly. Further, EEBA (200 mg kgG1) caused significant
decrease (p<0.05) in level of MDA in STZ treated mice brain
regions. 

Effect of EEBA on GSH level in STZ induced memory
impaired  mice  brain:  A  significant  decrease  in GSH level
(µg mgG1 protein) was found in cortex (p<0.01) and
hippocampus (p<0.01) of STZ treated mice in comparison to
control and aCSF groups. Piracetam treatment significantly
(p<0.05) stopped the STZ induced decrease in the level of GSH
in the hippocampus (p<0.05) and cortex (p<0.01) of mice
brain (Fig. 7). 
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Fig. 8: Protein expressions of Bcl-2, Bak and Bax in the hippocampus of the experimental mice in RT-PCR study
Statistical analysis was done by one-way ANOVA followed by Dunnett's multiple comparison assay, *Denotes significance when compared to control group
p<0.05), **Denotes significance when compared to STZ (p<0.05)

As illustrated in Fig. 7,  further  administration of EEBA
(200 mg kgG1) significantly increased level of GSH in
hippocampus (p<0.05) and cortex (p<0.01) in comparison to
STZ group. Though, EEBA (100 mg kgG1) had no significant
effect (p>0.05) on GSH level in mice brain regions. No
significant change (p>0.05) was observed in the cerebellum
following STZ or drug administration. 

RT-PCR: Expressions of Bcl-2, Bak and Bax mRNA are
demonstrated in Fig. 8 for excluding the variations due
amount and nature of RNA, the results recorded were adjusted
according to the expression of GAPDH. Hippocampal tissue in
the STZ group was indicated by considerably amplified the
levels of Bak  and  Bax  and   significantly   declined  the  levels
of   Bcl-2.     Their   levels   were  appreciably  inverted  in  EEBA
(200 mg kgG1). EEBA 200 group showed the best results which
were almost comparable to the piracetam group. In
comparison to the piracetam group, EEBA (200 mg kgG1)
demonstrated a more significant effect in the up-regulation of
Bcl-2 protein and down-regulation of p53 protein. In
mitochondrial pathway  cell  apoptosis  chiefly involves the
Bcl-2, Bak  and  Bax  (both  belong  to the Bcl family) control
the  secretion  of  proapoptotic   factors  from  mitochondria.
In the present study, Bax and Bak mRNA (proapoptotic) were
down-regulated, while Bcl-2 mRNA and protein which are

antiapoptotic were up-regulated in EEBA (200 mg kgG1) group
opposite to STZ group. Also, p53 regulates the Bcl-2 family
proteins its expression in the given experiment was
appreciably reduced in EEBA (200 mg kgG1) group opposite
effect was recorded in the STZ group. These findings indicated
that EEBA could exert its memory enhancement by interacting
with these proteins.

Western blot analysis: This analysis was carried out for
recording the neuroprotective activity of EEBA (200 mg kgG1).
NR2B, NR1 and GAP-43 levels in STZ treated mice were
significantly lower in the hippocampus than they were in the
control group. In comparison, EEBA (200 mg kgG1) group had
significantly higher NR2B, NR1 and GAP-43 protein levels in
the hippocampus than the STZ group did. As shown in Fig. 9,
protein expressions of NR1 and NR2B were augmented by
almost two times and five times in the hippocampus of mice
of the STZ group as compared to the mice of the control
group, whereas their expressions were appreciably reduced in
EEBA mice.  The  NR1  expression  was  amplified  by almost
six-folds in STZ treated mice while EEBA treated mice partially
prevented this effect. Majorly two pathways are involved in
cell apoptosis (death receptor pathway and mitochondrial
pathways). Reported findings say that interaction of death
receptor  and  its  ligand  e.g. ,  interaction   of   NR2B/NR1   are
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Fig. 9: Expressions of NR1, NR2B and GAP-43 in the hippocampus of the experimental mice in the Western blot test
Statistical analysis was done by one-way ANOVA followed by Dunnett's multiple comparison assay, *Denotes significance in comparison to control group
(p<0.05), **Denotes significance in comparison to STZ (p<0.05)

important   for   initiating   apoptosis   (extrinsic  pathway).
Prior studies have shown that suppressing NR1, NR2B and
GAP-43 proteins lead to a reduction of brain cell damage.
EEBA 200 mg kgG1 showed a significant effect by shielding
against STZ induced brain damage. 

DISCUSSION

Bamboo is a multi-purpose plant recognized primarily for
its industrial use but now known as a possible source of
natural antioxidants and bioactive constituents. All parts of the
bamboo plant have medicinal applications viz., culm, rhizome,
leaves, stems, shoots, seeds and roots. Research has shown
that bamboo is a rich source of antioxidants and frequent use
of bamboo-based products can reduce the risk of  chronic
age-related diseases including Alzheimer's disease,
cardiovascular diseases, Parkinson's disease, diabetes and
cancer28.

The findings of the current study showed that EEBA
prevented STZ induced memory impairment in all paradigms
of behavioral, MWM test, EPM test and PCT in mice. Besides,
the neuroprotective effect of EEBA was related to a significant
decrease in AChE and MDA levels in mice brain regions, along
with a rise in GSH level.

Intracerebroventricular (i.c.) injection of STZ is a model
based on brain insulin resistance that mimics many of human
and animal pathophysiological aspects such as memory
impairment, changes in the metabolism of glucose, oxidative
stress and the phosphorylation of tau protein29.

In the present study,  i.c.  injection  of  STZ  on  1st  and
3rd  days  caused  memory impairment  in  mice  before
session 1 of the MWM test, EPM and PCT. There was no
significant change in the latency time during all 5 sessions in
the streptozotocin treated group. EEBA (100 and 200 mg kgG1)
demonstrated antiamnesic activity, as shown in the MWM test
by a significant reduction (p<0.05) in latency time. In EPM test,
EEBA (200 mg kgG1) produced significant (p<0.01) reduction
in acquisition and retention latencies. In PCT, EEBA (100 and
200 mg kgG1) treated groups showed significantly (p<0.05)
less time to reach the pole in the pole climbing apparatus. 

These findings agree with a large number of previous
researches documenting memory impairing the impact of STZ
in rodents30. In both the behavioral experiments, the
commonly used nootropic agent piracetam ameliorated
streptozotocin mediated memory impairment16,17.

Preventive administration of EEBA  in  mice for 5 days,
dose-dependently improved STZ induced memory
impairment. EEBA (100 and 200 mg kgG1) demonstrated
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antiamnesic activity, as shown in the MWM test by a
significant reduction (p<0.05) in latency time. In EPM test,
EEBA (200 mg kgG1) produced significant (p<0.01) reduction
in acquisition and retention latencies. In PCT, EEBA (100 and
200 mg kgG1) treated groups showed significantly (p<0.05)
less time to reach the pole in the pole climbing apparatus.
These findings proposed the neuroprotective effect of EEBA in
STZ induced memory impairment via a reduction in oxidative
stress and phosphorylation of tau protein.

In any group, there was no significant change in
spontaneous locomotor activity indicating that the behavioral
effects are not correlated with any change in mice’s locomotor
activity. 

The AChE activity and oxidative stress parameters were
examined in mice brain regions to understand the potential
mechanism of action of the EEBA. STZ in this study caused a
significant rise in AChE activity in the cerebellum, cortex and
hippocampus of mice. EEBA administration  has  shown a
dose-dependent inhibition of STZ mediated increased activity
of AChE. AChE inhibition by EEBA may lead to an increased
level of ACh in the brain that may be responsible for its
neuroprotective effect. Standard piracetam also decreased the
activity of AChE in brain regions of mice.

Several clinical and preclinical researches have confirmed
that the pathogenesis of Alzheimer’s disease includes
oxidative stress2. The current study measured GSH and MDA
in brain regions of mice that acted as markers of lipid
peroxidation and endogenous antioxidant, respectively. A rise
in the MDA level shows the degeneration of the neurons. GSH
is a natural antioxidant present in the body that plays an
essential role in maintaining the intracellular redox state. In
the STZ model, the levels of GSH and MDA were assessed once
behavioral studies were completed. In contrast, to control
values, STZ treated mice showed a significant decrease in GSH
and a rise in MDA levels in brain regions, suggesting high
oxidative stress. Standard piracetam significantly increased the
level of GSH and reduced the MDA level in the brain of mice
suggesting its antioxidant action, as earlier reported by
Alikatte et al.16. The EEB administration reduced oxidative
stress caused by STZ as presented by significantly raised GSH
and decreased level of MDA in mice brain regions. 

RT-PCR results displayed that after EEBA (200 mg kgG1)
administration Bax, Bcl-2 and Bak mRNA expression levels
were significantly effective than that in control and STZ group,
Bax and Bak have  a  pro-apoptotic function in cells31, while
Bcl-2 has the opposite function to Bax, in other words, the
anti-apoptotic   function32.  The  rate  of  apoptosis  is  inversely

proportional to the degree of expression of Bcl-233. CNS
pathological mechanism is very complex. In the present
research, the apoptosis-related factors expressions were
studied, including Bax, Bak and Bcl-2 in the hippocampus,
while the precise mechanism yet to be explored. 

NR2B and NR1 expression were studied using a western
blot test. The findings of this research displayed that the
administration of EEBA (200 mg kgG1) significantly increased
both NR2B and NR1 expression, indicating that NMDA
receptor signaling could be involved in the neuroprotective
effect of EEBA on cognitive dysfunction. The NMDA receptor
especially plays an essential role in synaptic plasticity, that has
been involved in learning and memory34. For a better
understanding of EEBA (200 mg kgG1) effect on cognitive
dysfunctions in STZ treated group, the impact on synaptic
plasticity was examined. GAP-43 is an intracellular growth
protein that plays a crucial role in synaptic plasticity,
regulating growth cone guidance and  outgrowth of
neurites35. The findings showed a significant reduction in
levels of GAP-43 in hippocampal tissue following treatment
with STZ. Nonetheless, treatment with EEBA (200 mg mgG1)
improved the expression of GAP-43 considerably. Therefore,
EEBA (200 mg kgG1) impact on cognitive functional recovery
can be due to EEBA induced synaptic plasticity and
neurogenesis in the hippocampus.

In present study, the EEBA extract significantly increased
the GSH level in the brain and decreased the AchE enzyme
and MDA levels. STZ causes memory impairment by
decreasing GSH and increasing the AchE enzyme and MDA
level in various mice brain regions. Bax and Bak mRNA
(proapoptotic)   were  down-regulated,  while  Bcl-2  mRNA
and  protein  (antiapoptotic)  were  up-regulated   in   EEBA
(200 mg kgG1) group opposite to STZ group. Thus, the result
obtained from the current study specify that EEBA extract
showed dose-dependent activity and it is effective to treat
dementia.

CONCLUSION

Oxidative stress, neuroinflammation and biochemical
changes in the various brain regions induced by STZ can
produce memory impairment linked with a significant rise in
levels of AChE and MDA and decreased GSH. EEBA oral
treatment produced a significant reduction in latency time in
the MWM test, reduced acquisition and retention latencies in
the EPM test and decreased the time to reach the pole in PCT.
EEBA treatment significantly reduced the AChE and MDA
levels  in  mice  brain  regions,  along with  a  rise  in  GSH  level.
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Bax and Bak mRNA (proapoptotic) were down-regulated,
while Bcl-2 mRNA and $-actin which are antiapoptotic were
up-regulated in the EEBA group. EEBA showed a significant
neuroprotective effect by suppressing NR1, NR2B and GAP-43
protein expression

SIGNIFICANCE STATEMENT

This work exposed the neuroprotective effect of EEBA on
streptozotocin induced learning and memory impairment in
mice. It showed a significant effect by decreasing the activity
of AchE enzyme in various brain regions, increased
acetylcholine level that helped to increase learning and
memory.  This  study  will  help  the  researchers  to uncover
the  importance  of  alternative  plant-based  remedy  based
on EEBA in the treatment of memory impairment that many
researchers were not able to explore. Thus a novel approach
that EEBA is effective and safe to treat a patient suffers from
Alzheimer’s disease may be arrived at.
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