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ABSTRACT: Bambusa arundinacea (RETZ.) Willd. is distributed in tropical
regions of Pakistan, India, and China. It has been used for a long time as a folk
remedy for cirrhosis, urinary tract ailments, and various other abdominal cavity
disorders. It has antioxidant, free-radical-scavenging, and anti-inflammatory effects.
The aims and objectives of this study were to validate the folkloric uses of

Article Recommendations |

Gentamicin
40mglkg i.p

CBC, BUN,
Serum
creatinine ,
urea level

Determination
of SOD, CAT &
Histopathology

Bambusa arundinacea and to evaluate its nephroprotective potential on scientific
grounds. Gentamycin (G.M, 40 mg/kg) was used to induce nephrotoxicity in the % Methanalic

arundinacea B
(MEBA; 300 and 500 mg/ kg) were utilized in addition to silymarin (200 mg/kg/ o .
d). Treatments were administered once daily for 14 days. After 14 days, the blood  wminies
standardized MEBA was evaluated using the total phenolic content, the total
flavonoid content, and the DPPH scavenging activity. The plant extract was rich
butylated hydroxy toluene (96%), with ICs, values 31.65 and 7.80 ug/mL, respectively. The phytochemical analysis was performed
using HPLC, and MEBA was found to contain various phytoconstituents such as quercetin, caffeic acid, vanillic acid, gallic acid,
exhibited significantly improved CAT and SOD levels. The levels of renal function markers such as serum creatinine, serum urea,
blood urea nitrogen, serum urea, and serum uric acid levels also evaluated, and a significant retrieval was found in a dose-dependent
variance to determine the significance of differences among the data. In conclusion, the standardized methanolic extract of Bambusa
arundinacea was able to alleviate gentamicin-induced nephrotoxicity by enhancing the antioxidant defensive mechanisms of renal

extract of «u

animal model. Two doses of the methanolic extract of Bambusa arundinacea s A
| ]
was collected and the kidneys were removed. The antioxidant potential of the \ "3
ﬁ_) cvaporator

with flavonoid content. The DPPH scavenging activity was 65% as compared to
chlorogenic acid, and cinnamic acid. Antioxidant enzymes such as superoxide dismutase and catalase were assayed, and MEBA
fashion. Good improvement was also made in various hematological parameters. Statistical analysis was done using analysis of
tubular cells.

1. INTRODUCTION

Kidneys are vital organs. Their main function is to maintain the

showed to increase the generation of reactive oxygen species
such as superoxide anions,*”° hydroxyl radicals, and hydrogen

volume, composition, and acid—base balance of the total fluid.
Many environmental xenobiotics and drugs influence these
functions." Aminoglycosides produce nonoliguric acute renal
failure in 10—25% of therapeutic courses. This type of renal
failure manifests as a decreased urine concentrating capacity,
tubular proteinuria, lysosomal enzymuria, mild glycosuria, and
alterations in the electrolyte balance. Moreover, it also reduces
ammonium excretion, depresses the glomerular filtration rate,
and increases the amount of serum creatinine and blood urea
nitrogen.2

The cellular mechanisms of gentamicin (G.M)-induced
nephrotoxicity are still poorly understood. Reactive oxygen
species (ROS) have an important role in the pathogenesis of
this toxicity. The production and accumulation of ROS results
in the induction of apoptosis and tubular necrosis as well as the
increased infiltration of leukocytes.” Gentamicin has been
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peroxide in kidneys, and all of these may lead to renal issues.””
Moreover, gentamicin reduces the efficiency of kidney
antioxidant enzymes such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPX), and gluta-
thione (GSH).” Free radicals have also been implicated in both
glomerular diseases'”'" and neutrophil-mediated glomerular
diseases.'”"”> The drug is nephrotoxic because a small but

sizable proportion (about $%) of the administered dose is
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retained in the epithelial cell linings of proximal renal
tubules.'*

Drugs that can mitigate the toxicity of aminoglycoside
always remain a fertile area of research. In the scientific
literature, we found that various drugs, such as deferoxamine,
methimazole, vitamin E, vitamin C, diethyldithiocarbamate, I-
histidinol, and thymoquinone, have been used to prevent G.M-
induced nephrotoxicity.'> Howeverall, all these drugs are far
from ideal in practice. Phytotherapy research is an area that in
the recent times has been proven to successfully mange several
morbidities.

Bans (Bamboo) are the common name for Bambusa
arundinacea (RETZ.) Willd. Bamboo is one of the world’s
most valuable plant resources. It has contributed significantly
to human development and continues to do so for the
approximately 2 billion people residing in the tropical and
subtropical regions of Asia, Latin America, and Africa. The root
(burnt root) is applied to treat ringworm, bleeding gums, and
arthritis."® The bark is used for skin eruptions. The leaf has
antileprotic and anticoagulation properties that can be used in
hemoptysis.'” The seeds are acrid laxatives said to be beneficial
in the treatment of strangury and urinary discharges.'® The
leaves of Pleioblastus amarus, a tall bamboo that grows in
Southern China, have a slightly bitter and pungent taste and
are used to treat fever, fidgeting, and lung inflammation."’
They are powerful nutrient sources that contain various
phytochemicals, such as quercetin, gallic acid, caffeic acid,
vanillic acid, chlorogenic acid, synergic acid, p-coumaric acid,
and m-coumaric acid. Quercetin is a flavonoid that has
powerful antioxidant properties.”*** Gallic acid, among
various polyphenols, has also emerged as a strong antiox-
idant.”® Cinnamic acid has antioxidant and antimicrobial
properties.”* p-Coumaric acid also plays a role as an anti-
inflammatory compound.” Tetrahydrocurcumin is a molecule
that has anti-inflammatory properties and can help to avoid
cisplatin-induced nephrotoxicity.”® Inflammation and ROS
play significant roles in the pathophysiology of nephrotox-
icity;”” therefore, the administration of compounds with
antioxidant and anti-inflammatory properties induces amelio-
rative effects. The present study was designed to investigate the
effect of the methanolic extract of B. arundinacea (MEBA) in a
rat model of G.M-induced nephrotoxicity.

2. MATERIAL AND METHODS

2.1. Plant Material and Extraction Method. The fresh
leaves of the plant of Bambusa aruandinacaea were collected
from local market of Faisalabad and identified by taxonomist
prof. Dr. Mansoor Ahmed at the Department of Botany,
University of Agriculture Faisalabad, Faisalabad, Pakistan;
voucher number: 21-2505—01 was submitted in the
concerned herbarium for future reference. The fresh leaves
were dried in the shade at room temperature. The dried plant
was converted into a powder and soaked in methanol for 14
days. After soaking, the mixture was filtered with a muslin
cloth, followed by whatman filter paper 1. The filtrate was
evaporated using a rotary evaporator and stored at room
temperature in a container. Moreover, the extract was mixed
with normal saline and stored for experimental use.

2.2. Experimental Animals. Wistar Rats of either sex
weighing 150—200 g were selected, and 25 rats were obtained
from the animal house of the University of Veterinary and
Animal Sciences, Lahore, Pakistan, and kept in separate cages
in the animal house of the Faculty of Pharmaceutical sciences,

Government College University Faisalabad, Faisalabad, Paki-
stan. Environmental conditions of temperature, a 12 h light—
dark cycle, and humidity were provided. All the in vivo
experiments were conducted according to guidelines of animal
use for experimental purposes recommended by the European
Union on Animal Care, and advance approval was obtained
from the Institutional Review Board (IRB) of Government
College University Faisalabad. Over the course of the
experiment, the rats were provided with a proper diet. Water
was given for all 24 h of the day.

2.3. Experimental Design. The experimental protocol
was designed for 14 days. Rats of either sex were divided into
five groups, and each group was comprised of five rats. Rats in
every group were given the oral preparations with the feeding
tube. The dosage calculation was done on the basis of body
weight. Group I was maintained as the normal control group,
which was given 1 mL/kg normal saline daily.”® Group II
received 40 mg/kg G.M intraperitoneally (ip.) at the same
time for 14 days.”” Group III animals were treated with 200
mg/kg silymarin per oral (p.o.) and served as the standard
group. Group IV and group V animals were treated with two
different doses of the methanolic extract of B.arundinacea
(MEBA), namely 300 and S00 mg/kg (p.o.). Groups 111, IV,
and V were intoxicated with gentamicin (40 mg/kg; ip.) 3 h
after the administration of silymarin or the extracts for 14 days.
After 24 h of fasting following the last dose, all the animals
were euthanized on the 15th day. The blood was collected in
eppendorf tubes. The kidney was dissected, cleaned of
extraneous tissues, and preserved in a 10% formalin solution
for the histopathological examination.*’

2.4. Sample Collection and Hematological Assay
Parameters. The direct cardiac puncture method was
adopted to acquire blood samples, which were stored in
EDTA in hematological analysis gel clot vials for biochemical
assays such the blood cell count. Blood samples were
centrifuged at 2500 rpm for 10 min, and serum was taken to
perform serum tests. The serum was stored at —20 °C for
future testing. A fully automated hematological analyzer,
Methic 18 Vet/Orphee/France, was used to find a complete
blood profile.”’

2.5. Biochemical Analysis. Blood samples were centri-
fuged at 2500 rpm for 10 min, and serum was taken to perform
serum tests, eg., urea, uric acid, blood urea nitrogen,
superoxide dismutase (SOD), catalase (CAT), and serum
creatinine. The laboratory determinations were carried out by
automated chemical analyzer in our laboratory using an
Olympus AU 600 analyzer. Specifically, serum samples were
analyzed using electrodes ion-sensitive for sodium. The
glutamate dehydrogenase (GLDH) method was used to
determine urea levels, and the uricase/PAP method (an
enzymatic color test) was used to determine uric acid levels.*”
The serum creatinine level was determined using a creatinine
calorimetric kit (Invitrogen creatinine detection kit). Crea-
tinine and an alkaline solution react with picrate to form a
colored complex. The color of the complex was measured at
492 nm. BUN was measured in blood samples with an
automatic biochemistry analyzer (Hitachi 7600—020/7170A;
Hitachi High-Technologies Corp., Tokyo, Japan).”’

2.6. Analysis of Catalase Peroxidase (CAT) and
Superoxide Dismutase (SOD). SOD enzyme activity was
determined using a RANSOD kit, which was based on the
method of McCord and Fridovich. Xanthine and xanthine
oxidase were used to generate superoxide anion radicals, which
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Figure 1. HPLC chromatogram of the methanolic extract of B.arundinacea.

react with phenyl tetrazolium chloride to form a red formazan
dye. The absorbance was measured at 325 nm. SOD inhibits
the reaction by converting the superoxide radical into
oxygen.”* The catalase activity was used to determine the
presence of catalase, an enzyme that breaks down the harmful
substance hydrogen peroxide into water and oxygen. An
organism can produce catalase, which produces bubbles of
oxygen when hydrogen peroxide is added to it. The CAT
activity was determined by adding H,O, to the sample, and the
absorbance was measured at 240 nm. One unit of CAT activity
was defined as an absorbance change of 0.01 U/min.*

2.7. DPPH Assay. A solution of 0.004% DPPH (1 mL) was
used to assess the radical scavenging activity (RSA) of DPPH
(freshly prepared). This solution was mixed with 3 mg of the
plant extract; a higher concentration of the extract could be
added later. After mixing, the solution was placed in dark area
for 30 min. The absorbance was measured at 517 nm. Higher
radical scavenging activity led to less absorbance in the
reaction mixture. The antioxidant activities of ascorbic acid and
butylated hydroxyl toluene (BHT) were marked as bench-
marks. The control solution did not have plant extract. The
experiment was repeated three times.*

2.8. Total Phenolic Content (TPC). The total phenolic
content of B. arundinacea was determined using Singleton and
Rossi’s technique.’” The calibration curve was made by
combining a methanolic gallic acid solution (1 mL; 0.025—
0.400 mg/mL) with S mL of the Folin—Ciocalteu reagent
(diluted 10-fold). Before the addition of sodium carbonate (4
mL, 0.115 mg/mL), the mixture was incubated for S min. The
absorbance was measured at 765 nm after the final mixing. All
the experiments were performed in triplicate. Gallic acid
equivalents (GAE, mg/g) of the dry extract were used to
calculate the total amount of the phenolic components in the
extract.’

2.9. Total Flavonoid Content (TFC). The total flavonoid
content was determined using the method of Tian and
colleagues.38 Distilled water (2 mL) was mixed with 0.5 mg of
the extract and 0.15 mL of a sodium nitrite (5%) solution. This
solution was incubated for 6 min. Furthermore, to the solution
was added aluminum chloride (10% of 0.15 mL) was added to

18161

that solution, followed by 4% sodium hydroxide. The mixture
was incubated for 6 min. Reaction mixture volume was made
up to S mL by adding 95% methanol. After 15 min of
incubation, the absorbance was recorded by a spectropho-
tometer at 510 nm.

2.10. Histopathological Examination. The isolated
kidney was cut into small pieces, preserved, and fixed into
10% formalin for two days. The kidney pieces were the washed
to remove formalin, followed by dehydration with isopropyl
alcohol solutions of increasing strength (70%, 80% and 90%)
for 12 h each. Then, the final dehydration was done in absolute
alcohol for 12 h. Further alcohol was removed using xylene.
Subsequently, the kidney pieces were subjected to paraffin
infiltration in an automatic tissue processing unit.”” Hard
paraffin was liquefied and transferred into square-shaped
blocks. The kidney pieces were then placed in the block
containing paraffin and allowed to cool.

The blocks were then cut using microtome to get sections
with a thickness of 5 M. The sections were taken on a
microscopic slide onto which a sticky substance, egg albumin,
had been applied. The sections were placed in an oven at 60
°C for 1 h. Subsequently, the paraffin melts and egg albumin
denatured, thereby fixing the tissue slide. Staining involved the
use of eosin, an acid stain that stained all the basic cell
constituents pink, and hematoxylin, a basic stain that stained
the entire acidic cell components blue. The slide was immersed
in the hematoxylin stain for 1—2 min and then in eosin dye for
30 s. The tissue was dehydrated with the successive use of 80%,
90%, and 100% isopropyl alcohol and finally with xylene for
20—30 min. The coverslip was placed on the slides using one
drop of desterene dibutyl phthalate xylene (DPX). Care was
taken not to leave air bubbles, and samples were then left to
dry overnight to make the permanent slide.””*" All slides were
observed for changes in histopathological characteristics, and
photographs were taken by using an Accuscope 3000
microscope at 40X resolution. The purpose was to determine
how much tubular necrosis, epithelial cell damage, and
inflammation was present in cells due to reactive oxidative
stress.
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2.11. Statistical Analysis. All data are presented as the
mean = SEM. One-way analysis of variance (ANOVA) was
used to analyze the data using Graph Pad Instat software
package ver. 7.2. The difference was considered significant if
the if P value was <0.0S.

3. RESULTS

3.1. Phytochemical Analysis of the Methanolic
Extract of B.arundinacea (MEBA). In the HPLC (model
SPD-10AV with a UV—visible detector made by Shimadza,
Japan) analysis, the methanolic extract of B. arundinacea
(MEBA) displayed major compounds quercetin, gallic acid,
vanillic acid, caffeic acid, chlorogenic acid, synergic acid, p-
coumaric acid, m-coumarin acid, and cinnamic acid. Quercetin
is only flavonoid, and all others are phenolic compounds.
Results are shown in parts per million (ppm). The HPLC
profile displays major and minor peaks detected at 230 nm.
The HPLC analysis chromatograph is shown in Figure 1, and
the name of compounds identified by their retention times are
shown in Table 1. Chemical structures of various phytocon-
stituents are given in Figure 2.

Table 1. HPLC Analysis of Phytochemicals in the
Methanolic Extract of B. arundinacea (MEBA)

compound retention time absorbance (ppm)
quercetin 3.080 158.79
gallic acid 4.447 4.11
caffeic acid 12.693 12.76
vanillic acid 13.193 7.91
chlorogenic acid 15.807 20.02
synergic acid 16.773 3.15
p-coumaric acid 17.453 2.82
m-coumaric acid 20.060 4.75
cinnamic acid 25.193 11.55
OH
OH o o
HO o O N7 "oH HO OH
O ! HO HO
OH OH OH
OH O
Quercetin Caffeic Acid Gallic Acid
/@)L J\/\@ o
Vanillic Acid Chlorogenic Acid Cinnamic Acid

Figure 2. Structures of various phytoconstituents found in the
methanolic extract of B.arundinacea.

3.2. Effect of the Methanolic Extract of B. arundina-
cea (MEBA) on Hematological Indices. Gentamicin
intoxication significantly reduced the WBC count, while
MEBA at both doses (300 and S00 mg/kg) significantly (P
< 0.001) increased the WBC count, which was comparable
with that of the control group, in a dose-dependent fashion.
Meanwhiole, gentamicin’s effect on other hematological
indices such as RBCs and platelets was not so significant.
However, the effect of MEBA and the standard drug silymarin
were comparable, and both improved the RBC count and

platelet count in a dose-dependent fashion. Results are shown
in Figure 3 A—C.

3.3. Effect of the Methanolic Extract of B. arundina-
cea (MEBA) on Kidney Function Parameters. Gentamicin
intoxication significantly (P < 0.001) increased the levels of
serum creatinine, serum urea, uric acid, and blood urea
nitrogen (BUN) as compared to those of the normal control
(N.C). However, silymarin and both doses of MEBA (300 and
500 mg/kg) significantly (P < 0.001) improved all of these
parameters in a dose-dependent fashion. The only exception is
BUN, where the effects of the low dose are better than those of
the higher dose. All the results are shown in Figure 4 A—D.

3.4. Effect of the Methanolic Extract of B. arundina-
cea (MEBA) on the Antioxidant Enzymes Catalase
Peroxidase (CAT) and Superoxide Dismutase (SOD).
Gentamicin intoxication deteriorates the first-line antioxidant
defensive system of kidney tubular cells. The levels of both the
CAT and SOD were significantly (P < 0.001) reduced in the
G.M intoxication group. Meanwhile, both does of MEBA (300
mg/kg and 500 mg/kg) improved the antioxidant potential by
elevating the levels of CAT and SOD in a dose-dependent
fashion, as shown in Figure 5 A and B, respectively.

3.5. Total Flavonoid Content (TFC), Total Phenolic
Content (TPC), and DPPH Radical Scavenging Potential
of the Methanolic Extract of B. arundinacea (MEBA).
According to TFC and TPC analysis, MEBA was found to
contain a good concentration of flavonoids. At the fixed
concentration of 100 pg/mL MEBA, the radical scavenging
potential was 65% as compared with that of butylated hydroxy
toluene (BHT) (96%). The ICs, value of BHT was 7.80 +
1.09 pg/mL, while that of MEBA was 31.65 + 0.53 pg/mL.
Results are shown in Figure 6.

3.6. Histopathological Assay. To evaluate the effect of
MEBA on the histological changes in the kidney, H&E staining
was performed (Figure 7). Histopathological sections from
kidney tissues of G.M-treated rats showed degeneration,
desquamation, and necrosis in tubules in addition to swelling
in glomerulus. There was also intertubular hemorrhage and
acute leukocyte infiltrations in the inter tubular region. In
comparison, the coadministration of MEBA and G.M reduced
these parameters in renal tissues in a dose—response manner
compared to the G.M group. The administration of silymarin
enhanced the regenerative activity and reduced the tubular
epithelial changes, and reductions in degenerative and necrotic
changes were seen in some cases. A significant change in
morphologic appearance, recovered tubular epithelial cell
damage, and a normal morphological view of medulla were
observed with 500 mg/kg MEBA.

4. DISCUSSION

The major mechanism behind the gentamicin-induced
nephrotoxicity is the production of ROS and inflammatory
mediators. Thus, it is postulated that the use of antioxidant and
anti-inflammatory substances can minimize the occurrence of
this toxicity. Herbal drugs are thought to be multifunctional
because of the presence of multiple phytoconstituents that
have antioxidant and anti-inflammatory activities. Thus, by
probing the scientific literature, we can find a long list of
various plant, such as Pistacia vera, Bauhinia purpurea, Ferulago
angulata, grape seed, and Zingiber officinales, that have a vital
roles in gentamicin-induced nephrotoxicity. Examples of herbal
plants used as kidney protective agents are Utrticadioica L,
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Figure 3. Effect of the methanolic extract of B. arundinacea (MEBA) on hematological indices. Effect of two different doses (300 and 500 mg/kg)
of MEBA on (A) WBCs, (B) RBCs, and (C) platelets in the gentamicin disease-induced rat model. Data are presented as the mean = SEM, n = S.
One-way analysis of variance (ANOVA) was used to evaluate the significant differences among all the groups. A statistically significant difference
was found in data set A (***G.M vs MEBA), in data set B (***G.M vs 500 mg/kg MEBA and *G.M vs 300 mg/kg MEBA), and in data set C
(*G.M vs MEBA). **#P < 0.001, highly significant; *P < 0.05, significant; N.C, normal control group; G.M, gentamicin (disease-induced group);

and S.M, silymarin group.
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Figure 4. Effect of the methanolic extract of B. arundinacea (MEBA) on the kidney function parameters (A) serum creatinine, (B) serum urea, (C)
serum uric acid, and (D) blood urea nitrogen (BUN) in the rat model. Data are presented as the mean + SEM, n = S. One-way analysis of variance
(ANOVA) was used to evaluate the significant differences among all the groups. A statistically significant difference was found in all data sets
(***G.M vs MEBA) except data set ¢, where **G.M vs 500 mg/kg MEBA and ™ G.M vs 300 mg/kg MEBA. ***P < 0.001, highly significant; **P
< 0.01, more significant; ns, nonsignificant; N.C, normal control group; G.M: gentamicin (disease-induced group); and S.M, silymarin group.

soybean (Glycine max), Chrysanthemum indicum, Glycyrrhizia
glabra, and many more.””*’

The plant B. arundinacea of family Poaceae used for this
research is traditionally used for a number of remedies.'® The
plant has been used in homeopathy as herbal diuretics. In the
present study, B. arundinacea was tested to validate its folkloric
use as a nephroprotective agent in kidney ailments.'®
Gentamicin-induced nephrotoxicity is distinguished by in-
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creased levels of urea, uric acid, creatinine, and blood urea
nitrogen in plasma as well as urine. Over 14 days, a 40 mg/kg
dose of gentamicin significantly reduced the WBC count and
amount of antioxidant enzymes, as discussed in the Results
(Figures 3—S5). Two plants extract doses (300 and 500 mg/kg)
are critically observed and compared with the gentamicin
group. The plant extracts significantly improved both the WBC
count and the activity of antioxidant enzymes. The plant
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Figure 6. Determination of the total flavonoid content (TFC), the total phenolic content (TPC), and the DPPH radical scavenging potential of the
methanolic extract of B. arundinacea (MEBA). (A) Determination of TFC and TPC. (B) determination of the radical scavenging potential. (C)
ICs, values of MEBA and BHT. The experiment was performed in triplicate. Data are expressed as the mean = SEM (n = 3, P < 0.001).

extracts decreased the levels of serum toxicity biomarkers such
as serum creatinine, serum urea, and uric acid.

Several compounds with antioxidant activity, such as
quercetin, caffeic acid, and gallic acid, have been successfully
used to prevent or ameliorate gentamicin-induced nephrotox-
icity.” In the present study, the role of ROS in G.M-induced
nephrotoxicity was assessed using the antioxidant agent MEBA
and the levels of the biochemical indicators of oxidative stress,
mainly SOD and CAT, were evaluated. It has been reported
that under normal conditions ROS generated during cellular
functions are eliminated by intrinsic antioxidant enzymes such
as superoxide dismutase, catalase, and glutathione perox-
idase.”® Thus, a DPPH assay was also performed to evaluate
the antioxidant potential of MEBA. The DPPH scavenging
activity of MEBA was found to be 65% as compared to BHT
(96%), with IC; values of 31.65 and 7.80 pg/mL, respectively.
(Figure 7). Therefore, as an ROS scavenger with antioxidant
molecules, MEBA may have the capacity to partially reduce or
eliminate the deleterious effects induced by gentamicin. As
already mentioned, this antioxidant potential is might be due
to the presence of various phytoconstituents, the structures of
which are shown in Figure 2.
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Our study results are in accordance with the earlier
published reports explaining the beneficial effect of B.
arundinacea against reactive oxygen species.40 In earlier studies,
some investigators demonstrated in their observations the
histopathological and structural changes in renal tissue after
the administration of gentamicin.® We have reported the
histopathological view of renal sections in the gentamicin-
treated group (Figure 7B), which compared to the control
group showed degeneration, desquamation, and necrosis in
tubules as well as swelling in the glomerulus (Figure 7A).
Similarly, in histopathological examination in the present work,
we observed damage in the structures of the kidneys of
gentamicin-treated rats. Glomerular and tubular epithelial
changes were considerably mild in the groups treated with
the methanolic extract of Bambusa arundinacea (300 and SO0
mg/kg), and the restoration of normal histopathology was also
observed. Two weeks of treatment with G.M and the
methanolic extract at a dose of 300 mg/kg showed reductions
in tubular necrosis and tubular degeneration, as was observed
from histopathology; however, slight leukocyte infiltrations in
the intratubular area were present. In case of animals treated
with G.M and methanolic extract at a dose of 500 mg/kg, the
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Figure 7. Effect of the methanolic extract of B. arundinacea (MEBA) on gentamicin-induced nephrotoxicity. The magnification of the microscope
was 40X. (A) Healthy kidney structure was observed in the Control group. The glomerulus and tubules (open arrow and arrow) are in good
condition. (B) In the G.M group, the kidney damage is significant. There was acute tubular necrosis (arrow), widespread tubular degeneration
(open arrow), intertubular hemorrhage (oval arrow), and acute leukocyte infiltrations in the intertubular region (stealth arrow). (C) The S.M
group was normal in size and shape and had normal renal convoluted tubules and glomerulus (open arrow and arrow). The regenerative activity is
the maximum. (D) In the 300 mg/kg MEBA group, mild tubular epithelial changes and slight tubular degenerative and necrotic changes (open
arrow and arrows) were seen. In some cases, light leukocyte infiltrations could still be detected (stealth). (E) The S00 mg/kg MEBA group
exhibited a significant change in morphologic appearance. The tubular epithelial cell damage was recovered, and a normal morphological view of
the medulla was observed (open arrow and arrows). Leukocyte infiltrations were recovered (stealth arrow). G.M, gentamicin intoxication; SM,
silymarin group; =, arrow; =3, open arrow; —», stealth arrow; and —e, oval arrow).

regeneration of tubular epithelial cells was observed, and there
was no sign of necrosis, degeneration, or mild inflammation
(Figure 7D and E).

It can be concluded that morphological changes in kidneys
were caused by the G.M injection, but these changes were
considerably mild in the G.M plus methanolic extract (500
mg/kg)-treated animals. The extract dose of 300 mg/kg seems
to normalize kidney parameters less effectively as compared to
500 mg/kg MEBA. A plausible explanation is that this plant
shows nephroprotective activity attributed to its phytochemical
constituents quercetin, caffeic acid, vanillic acid, gallic acid,
chlorogenic acid, and cinnamic acid in a dose-dependent
fashion. In short, the data indicated that G.M-induced
nephrotoxicity might be related to oxidative damage. The
coadministration of Bambusa arundinacea diminished the
negative effects of G.M-induced nephrotoxicity, possibly by
inhibiting a free-radical-mediated process. Further investigation
of these promising protective effects of Bambusa aundinacea
against G.M-induced renal injury may have a considerable
impact on the development of clinically feasible strategies to
treat patients with renal failure. There is also emerging trend of
modernizing techniques for formulation development,***
which can also be implemented for this type of standardized
plant extract for better compliance and bioavailability in future.

Therefore, it could be concluded that the methanolic extract
of B. arundinacea possessed nephroprotective activity against
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gentamicin-induced toxicity, hence validating its traditional
use. The result of the study confirms the nephroprotective
activity of B. arundinacea in experimental animal models.
Further research is definitely needed to isolate the compound
accountable for such activity and to establish the mechanism of
action.

5. CONCLUSION

In conclusion, it might be postulated that the methanolic
extract of B. arundinacea (MEBA) significantly improved the
gentamicin-induced nephrotoxicity in animal models, which
might provide the rationale for the folkloric uses of B.
arundinacea. The protective effects of the plant extract were
due the presence of various phytoconstituents, as already
discussed in the prior section Thus, this study validates the
traditional uses of this plant and opens a new era for carrying
out further molecular level research after the isolation and
purification of various known and unknown compounds.
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