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This study was carried out to evaluate the protective effects of polyherbal extract against gentamicin
induced renal injury in rats. 36 male Wistar rats were divided into six groups. Gentamicin was administered
(100 mg/kg, intraperitoneally for 10 d) to all groups except normal control group. Polyherbal extract
was administered to three groups (gentamicin+polyherbal extract 100 mg/kg, gentamicin+polyherbal
extract 200 mg/kg and gentamicin+polyherbal extract 300 mg/kg) at 100, 200 and 300 mg/kg body weight
orally for 21 d, respectively. Taurine was taken as standard drug and given at the dose rate of S0 mg/
kg, orally for 21 d to positive group. The in vitro antioxidant activity was determined using 2,2-diphenyl-
1-picryl-hydrazyl-hydrate. The polyherbal extract was also subjected to phytochemical analysis using
liquid chromatography quadrupole time-of-flight mass spectrometry. Renal functions were assessed by
evaluating biochemical parameters and oxidative stress parameters. Histopathological examinations were
also conducted to confirm the renal damage. The treatment of polyherbal extract at dose of 300 mg/kg
body weight attenuated significantly (p<0.05) urea, creatinine and uric acid levels in gentamicin induced
nephrotoxicity model in rats. Similarly, activity of catalase in kidney of rats was found to have significant
(p<0.05) increase in polyherbal extract treatment at 300 mg/kg body weight. Insignificant altered level
of glutathione and superoxide dismutase activity was observed in kidney of rats in all treatment groups.
Renal histopathology also showed that polyherbal extract reduced the tubular degeneration, interstitial
infiltration of inflammatory cells and tubular necrosis. Liquid chromatography quadrupole time-of-flight
mass spectrometry analysis of polyherbal extract showed the presence of flavonoids, tannins, gallic acid
and tricarboxylic acid. The polyherbal extract at the dose of 200 pg/ml have shown the maximum radical
scavenging activity which indicated concentration dependent antioxidant activity. These results suggest
that polyherbal extract at dose of 300 mg/kg body weight, orally for 21 d exhibits a potent nephroprotective
effect on gentamicin-induced kidney damage in rats, which may be due to the increase in biochemical

parameters, antioxidant enzymes activity in rats).
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Gentamicin is commonly used against life-threatening
infections caused by Gram-negative bacterial'l. Besides
the beneficial properties of gentamicin, it produces
the nephrotoxic side effects”. A large number of
studies have been reported that the treatment with
gentamicin for more than 7 d can affect the proximal
tubular cell morphology and causes renal damage!!.
Aminoglycoside drugs are freely filtered and quickly
taken up by the epithelial cells of proximal tubule, where
they are incorporated into lysosomes after interacting
with phospholipids on the brush border membranes.
The association of gentamicin with negatively-
charged phospholipids and its accumulation in the
lysosomes of tubular cells leads to phospholipidosis by
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inhibition of lysosomal phospholipases, which triggers
the renal necrosis®. The specificity of gentamicin-
induced renal toxicity is linked to its deposition in the
renal convoluted tubules and lysosomes. Moreover,
gentamicin also produces the oxidative stress caused by
generation of Reactive Oxygen Species (ROS)Pl. Many
experiments demonstrated that superoxide anion and
hydrogen peroxidases generation followed by hydroxyl
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radicals enhanced by gentamicin in renal cortical
mitochondrial®. Inhibition of the activity of antioxidant
enzymes is associated with gentamicin-induced acute
renal failure!”.

Nowadays, use of the herbal medicines or
phytochemicals has been increased all over the world due
to their bioactivity and fewer side effects as compared
to the current synthetic medicines. Herbs are generally
considered as safe and proved to be effective against
various ailments and their medicinal uses are gradually
increasing in developed countries. Medicinal plants
are having curative properties and therapeutic values
due to the presence of various complex phytochemical
compounds. The various experiments in the area
of hepatoprotective and nephroprotective effects of
drugs of herbal origin have been carried out by many
researchers!®'?l. Medicinal herbs have ability to protect
cell injury induced by gentamicin through elimination
of hydroxyl which prevents
damage. Many studies have reported that the natural
antioxidants present in medicinal plants or herbs can
prevent gentamicin-induced nephrotoxicity including;
Aegle marmelos L. (A. marmelos)®®), Abutilon indicum
L. (4. indicum)™, Boerhavia diffusa L. (B. diffusa)!'V,
Phyllanthus emblica L. (P. emblica)'?, Ficus racemosa
L. (F. racemosa)'®, Tribulus terrestris L. (T. terrestris)
U4l etc.

radicals oxidative

According to the literature, number of crude herbal
extracts offer a vast source of potentially useful
new compounds to combat the kidney problems!'.
Polyherbal Extract (PHE) which may exert synergistic,
potentiative or agonistic actions by virtue of its diverse
active principles within themselves. We selected
six plants upon folklore claims which were having a
role in protection of kidney. Extracts of plants like,
A. indicum, A. marmelos, B. diffusa, F. racemosa,
P. emblica and T. terrestris were used to make PHE.
Selected plants contain flavonoids and phenolic
compounds with potent antioxidant properties, which
may help in the inhibition of oxidative damage caused
by gentamicin. We hypothesized that the PHE might
produce good nephroprotective effect as well as such
study with mixture containing phytoconstituents have
not been evaluated for having antioxidant mediated
protective role against nephrotoxicity. Thus, above all
plants have been selected to prepare PHE and used to
evaluate its effect on biochemical profile with other
antioxidant parameters and histopathological changes
in gentamicin-induced renal toxicity rodent model. By
keeping this hypothesis in mind, this study has been
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designed in order to investigate the nephroprotective
activity of PHE against gentamicin induced toxicity in
male rats.

MATERIALS AND METHODS

Collection and authentication of plant materials:

Fruit pulp of the P. emblica (L.), root of the . indicum
(L.), fruit of the A. marmelos (L.), fruit of the
T. terestris (L.), leaves of the B. diffusa (L.) and stem
bark of the F racemosa (L.) were collected from
Junagadh district of Gujarat, India and authenticated
by Mr. Punit Bhatt, Pharmacognosist, Department of
Pharmacology and Toxicology, Veterinary College,
Junagadh. The voucher specimens of plant materials
(JVC/VPT/SP/02/2018 to JVC/VPT/SP/07/2018) were
deposited in the Departmental Herbarium, College of
Veterinary Science and Animal Husbandry, Junagadh
Agricultural University, Junagadh, Gujarat for future
reference.

Preparation of PHE:

After collection of various parts of the selected plants,
they were cleaned with tap water followed by shed
drying. The powder was made using mixture grinder
from dried pieces of parts. The powder (100 g) was
macerated with methanol:water (60:40) solvent for three
times with occasional stirring. It was allowed to stand
for 7 d at room temperature then content was filtered.
The extracted material was evaporated to dryness
in a vacuum with the help of a rotary evaporator!'®l,
The crude extract of each plant material was enough
air-dried to collect a solid mass which were stored at
-20° for further use. PHE was made by adding equal
proportion of six herbal extracts suspended in distilled
water. The doses of PHE were prepared daily prior to
dosing.

In vitro antioxidant assay:

The radical scavenging ability of individual plant extract
was evaluated by using 2,2-diphenyl-1-picryl-hydrazyl-
hydrate (DPPH) assay!'”.. The different concentrations
(10 pg/ml-200 pg/ml) of extract mixtures contained 3
ml of the extract and 1 ml of 0.1 mM DPPH. After 30
min of incubation at room temperature in dark and the
absorbance was measured at 517 nm. The assay was
performed in triplicate and the results were expressed
as percent inhibition. Ascorbic acid was used as the
standard control. The radical scavenging activity was
calculated using the following equation: Percent (%)
scavenging activity=[(A -A )/A)]x100, Where, A is
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the absorbance of the control reaction and A, is the
absorbance of the test sample.

Liquid Chromatography Quadrupole Time-of-
Flight Mass Spectrometry (LC-QTOF-MS) analysis
of polyherbal hydroalcoholic extract:

Chromatographic separation was achieved with
chromatographic system (Agilent Technologies,
United States of America (USA), Model 6540) with
C,, column Zorbax 300SB (4.6x100mm, 3.5um) at
25° as the stationary phase. The gradient mobile phase
comprising of solvent A (0.1 % formic acid in water)
and solvent B (acetonitrile), programmed as follows:
0 min, linear change from A-B (95:5 v/v) to A-B
(5:95v/v); 12min, isocratic A-B (5:95v/v); 20min,
linear change to A-B (95:5v/v) 22min and 25min,
linear change to A—B (95:5v/v) with constant flow rate
(0.6 ml/min). The 10 ul volume of extract was injected
into system. Mass Spectrometry (MS) analysis was
carried out using a 6540 Agilent ultra-high definition
accurate mass QTOF-MS coupled to the Liquid
Chromatography (LC), equipped with an Dual Agilent
Jet Stream Electrospray lonization (Dual AJS ESI)
interface in positive ionization mode at the following
conditions: Drying gas flow (Nitrogen): 10.0 I/min;
nebulizer pressure: 45 psig; gas drying temperature:
325°; gas vaporize temperature: 350°; capillary voltage:
0.051 pA; chamber voltage: 4.23 nA. Fixed collision
energies were set to 10, 20, 30, 40, 50 V, precursors
per cycle were set to 5 and precursor threshold was
400 counts, mass scan range: 100-1700 m/z and scan
speed was 25 000 counts/spectrum. Integration and
data interpretation were performed using Mass Hunter
software (Agilent Technologies, Santa Clara, California
(CA), USA). Agilent Technologies has provided the
METLIN personal compound database with accurate
mass MS/MS Library (Personal Compound Database
and Library (PCDL)). The METLIN PCDL includes all
compounds and additionally accurate mass Q-TOF MS/
MS library reference spectra.

Procurement and housing of animals:

Male Wistar rats of 6-8 w of age (weighing 220-250
g) were procured from Cadila Pharmaceutical Ltd.,
Ahmedabad. The rats were acclimatized for 2 w before
the start of the experiment. They were housed at a
controlled temperature (22°+0.5°) with a 12 h light and
dark cycle. Rat pelleted feed (VRK biological system,
India) was provided ad libitum to animals throughout
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the study period, except overnight fasting, prior to pre-
termination and blood collection. This experimental
protocol (No.: JAU/JVC/IAEC/SA/19/2016) including
36 rats and various procedures was approved by the
Institutional Animal Ethics Committee (IAEC) of
College of Veterinary Science and Animal Husbandry,
Junagadh (Gujarat, India), constituted under the
Committee for the Purpose of Control and Supervision
of Experiment on Animals (CPCSEA), Animal Welfare
Division, New Delhi.

Acute oral toxicity study:

Acute oral toxicity was conducted according to the
method of Organisation for Economic Co-operation
and Development (OECD)!"®. Animals were kept under
fasting by providing only water, after which the algal
extract was administered by oral gavage at the single
dose of 2000 mg/kg body weight and observed for any
toxic symptoms and mortality for 14 d.

Experimental protocol:

2 w after acclimatization, a total number of 36 rats
were grouped according to its body weight in six
different treatment groups, each group comprised of
six rats. Group I served as Normal Control (CON)
and received distilled water, whereas group II
considered as Gentamicin Intoxicated Group (GM)
that received gentamicin at a dose of 100 mg/kg/d,
Intraperitoneally (IP) for 10 d. Group III served as
positive control (GM+Taurine (TAU)), animals were
administered gentamicin with TAU (50 mg/kg/d for
21 d) by oral gavage. Group IV (GM+PHE100), group
V (GM+PHE200) and group VI (GM+PHE300) were
considered as treatment groups that received PHE doses
at 100, 200 and 300 mg/kg body weight, respectively for
21 d by oral gavage along with gentamicin treatment.

Assessment of renal biomarkers:

At the end of treatment period, blood samples were
withdrawn from retro-orbital plexus using a glass
capillary collector. Samples were allowed to clot
by leaving them undisturbed for 1 h at 4° and then
centrifuged at 3000 rpm for 10 min to separate serum.
The serum was stored at -20° until analysis. The
separated serum was used for the estimation of serum
creatinine, Blood Urea Nitrogen (BUN), total protein,
urea and uric acid level by using commercial kits with
fully automatic biochemistry analyzer (Diatek Health
Care Pvt. Ltd.).
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Change in body weight and wet kidney weight:

At the start and end of the experiment, the body weight
of each animal was measured which was used to
evaluate the change in the body weight during the study
period. The both kidneys were excised, weighed using
analytical balance and the result was expressed in gram.

Evaluation of oxidative stress markers:

Collection and preparation of samples: All rats were
euthanized by Carbon Dioxide (CO,) asphyxiation
on d 22 and the kidneys were collected, washed and
weighed. Kidney samples (0.5 g) was isolated from
each rats after sacrificing rats and immediately stored in
ice-cold 2 ml 0.1 M Phosphate Buffer Saline (PBS, pH
7.4). A teflon homogenizer was used to prepare 25 %
of homogenate in ice cold PBS, then it was centrifuged
at 10 000 rpm/min at 4° for 10 min to purge cellular
debris. The supernatant was collected and stored at -81°
for the evaluation of antioxidant enzymes like Catalase
(CAT) and reduced Glutathione (GSH). Whereas tissue
samples were homogenized with ice-cold 30 mM Tris-
Ethylenediaminetetraacetic Acid (Tris-EDTA) buffer
(pH 8.2) to prepare 10 % homogenate (1 g of kidney
was crushed in 10 ml of ice-cold 30 mM Tris-EDTA
buffer (pH 8.2)) using a teflon homogenizer. Then,
homogenate was centrifuged at 10 000 rpm for 10 min
at 4°. The supernatant was collected and used for assay
of Superoxide Dismutase (SOD)!"L,

Determination of protein content: The protein content
of each kidney homogenate sample was estimated
according the method of Bradford®”. These data were
used to calculate CAT activity in kidney tissues.

Determination of GSH level: GSH level in each renal
tissue homogenate was measured using the method
described by Ellman®®"! with slight modifications.
Tissue homogenate (0.5 ml) was mixed with equal
volume of trichloroacetic acid (20 %) containing
1 mM EDTA to precipitate the tissue protein. This
reaction mixture was allowed to stand for 5 min
prior to centrifugation for 10 min at 10 000 rpm. The
supernatant (200 pl) was collected and transferred to
a new set of test tube and added with 1.8 ml of the
Ellman’s reagent (5,50-dithiobis-2-nitrobenzoic acid,
(0.1 mM) prepared in 0.3 M phosphate buffer with 1 %
of sodium citrate solution). After completion of the total
reaction, absorbance was measured at 412 nm using a
spectrophotometer (Fusiontek-Ultraviolet (UV) 2900)
against blank having mixture of PBS and supernatant.
Absorbance values were compared with a standard
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curve generated from known concentrations of GSH.
Reduced GSH was expressed as pM/mg tissue.

Determination of SOD activity: The enzymatic
activity of SOD in renal tissues was determined by
the method of Marklund, ef a/.?2. 10 pul of supernatant
from tissues homogenate was mixed with 2.989 ml
Tris-EDTA buffer (pH-8.2). The reaction was initiated
after adding 100 pl pyrogallol in a cuvette and then
change in the absorbance was recorded at 420 nm at 1
min interval for 3 min using spectrophotometer against
reagent blank containing 2.99 ml Tris-EDTA and 100 pl
pyrogallol (2 mM). 1 unit of SOD activity is the amount
of the enzyme that inhibits the rate of auto oxidation
of pyrogallol by 50 % and was expressed as units/mg
protein.

Rate (R)=Final Optical density (OD)-Initial OD/3 min

Percentage (%) of inhibition= Blank = OD-Rx100/

Blank OD

Enzyme unit (U)=(%
dilution factor

[50 % inhibition is similar to 1 U]

of inhibition/50)xcommon

Determination of CAT activity: The CAT activity in
renal tissues was measured according to the method
of Aebi®l. The reaction mixture consisted of 20 pl of
supernatant from tissue homogenate and mixed with
1.8 ml PBS (0.1 M, pH 7.4) which was added with
Hydrogen Peroxide (H,0,) (30 mM) to start the reaction.
Absorbance was observed by continuous recording at
240 nm at 20 s interval up to 1 min against blank having
mixture of PBS and tissue homogenate. The results
were expressed as micromole H,O, decomposed per
milligram of protein per minute.

CATactivity (U/mgprotein)=AA/minx1000x3/43.6xmg
protein in sample

AA/min is mean absorbance change per minute.
Histopathological assessment:

After sacrifice of each animal, kidney was excised and
fixed in 10 % neutral formalin for a period of at least
24 h. The tissues were dehydrated in graded (50 %-100
%) alcohol series, cleaned in xylene and embedded
in paraffin. About 5 p thick sections were taken using
semi-automated rotary microtome (Leica Biosystems,
Germany). The slides were then deparaffinated and
stained with hematoxylin and eosin and mounted
with a cover slip using Dibutylphthalate Polystyrene
Xylene (DPX)124, The stained slides were observed for
microscopic pathological changes in the renal tissue
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using an optical microscope (Zeiss primo star) attached
with a microscopic camera (ZEISS Axiocam ERc 5)
and digital histological photographs were captured with
the help of Carl Zeiss ZEN 2 (Blue edition) software.

Statistical analysis:

Results were expressed as meant+Standard Error of
Mean (SEM) and have been subjected to statistical
analysis. The difference between groups were analysed
through one-way analysis of variance, followed by
Duncan’s Multiple Range Test (DMRT)!>.

RESULTS AND DISCUSSION

Gentamicin is used for Gram-negative bacterial
infections, because of its potent bactericidal action and

90 -
80 -
70
60
50
40
30
20
10

0

% Inhibition

S
&) - A\
z“‘\o é“\\ ‘&1%(‘
(QF' R L) \t‘

\‘-"0

&
& &
q, .

O o
& . o
N
3 .
v M S

A&
o W
ot A

Fig. 1: Percentage inhibition of DPPH scavenging activity at
different concentration of ascorbic acid and hydro alcoholic
extract of plants, values are mean+SEM of three experiments,
(=) 10 pg/ml; (™) 25 pg/ml; (=) S0 pg/ml; (7)75 pg/ml; (B) 100 pg/
ml; (®) 200 pg/ml

less bacterial resistance properties. However, it causes
10 %-15% acute renal failure and 30 % nephrotoxicity
in patients who received the gentamicin for more than
7 d°, There is selective accumulation of gentamicin in
renal cortex and it interrupts various intracellular renal
functions leading to renal injury. The several times
higher concentration of aminoglycosides achieved in
the renal proximal tubule cells was associated with
their nephrotoxicity!?”.

The hydroalcoholic extract of each plant material was
tested for in vitro antioxidant activity using DPPH
radical scavenging assay and results are presented
in fig. 1. The radical scavenging activity of the
A. marrmelos and F. racemosa showed higher (65.23
% and 65.45 %, respectively) at concentrations 200 ng/
ml. Results of in vitro antioxidant assay indicate that
all extracts exhibited increase inhibition of DPPH free
radicals with increasing in concentrations. They protect
the radical scavenging activity such as peroxide,
hydroperoxide or lipid peroxyl and thus inhibit the
oxidative stress and prevent of disease?®??). Natural
active constituents such as flavonoids and gallic acid
have been detected in extracts. Hence, the probable
mechanism of nephroprotection by PHE may be
attributed to its antioxidant and free radical scavenging
property.

Metabolite profile of PHE was assessed by applying
non-targeted LC-QTOF-MS using ESI in negative
ionization mode. Details of compound name, Retention
time (R)), experimental mass (m/z), height of the peak
and area covered by the individual peak of the identified
compounds are given in Table 1. The Total Ion Current

TABLE 1: METABOLITE PROFILING OF PHE BY LC QTOF-MS

S. " Molecular m/z value ., Peak Area Peak
No. Class Compound name (Cpd’) formula  (mass) R, (min) height fraction (%) area
1 Flavonoids Quercetin 3-galactoside-7- CH,0, 610.1541 11.334 31375  2.93 265403
rhamnoside 277730716
2 Tannins 1,3,4-Trigalloyl-beta-D- CHO. 636.0952 10.163 7516 2.3 208890
glucopyranose 27' 2418
3 Ester derivatives zst”ezryl oxyphenylisoserine methyl ¢ |y No  299.1171 11.282 118624  11.84 1073767
Benzenesulfonic
4  acids and N-Undecylbenzenesulfonic acid C,H,g0.,S 312.1772 15.871 70861 37.66 3414143
derivatives
5  Flavonoids Floribundoside C,H,0,, 434.1216 10.876 12190 1.27 115359
6  Pterins and flavins Pteridine CHN, 132.0436 1.79 54523 9.71 880051
7  Tricarboxylic acid Carboxymethyloxysuccinate CH,0, 192.0276 2.106 11120 3.75 340018
Endogenous .
8 Metabolite Xanthosine C,H,NO, 284.0764 2.803 5768 1.39 125866
9  Gallic acid 2,4,6-Trihydroxybenzoic acid CHO, 170.0223 2.478 79820 29.15 2643169
Note: Cpd*: Compound name as matched with the library of the Agilent mass hunter software of the model QTOF/LCMS 6540
March-April 2022 Indian Journal of Pharmaceutical Sciences 373
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(TIC) Base Peak Chromatogram (BPC) of PHE
obtained in extracted ion chromatogram in negative
ionization mode is shown in fig. 2. Total 9 metabolites
detected in PHE by LC-QTOF-MS are responsible for
antioxidant activity. Natural antioxidants from herbs,
vegetables and fruits are claimed to prevent gentamicin
nephrotoxicity®®. In the present investigation,
preliminary  phytochemical screening of PHE
determined the presence of flavonoids, gallic acid and
tannins. Similarly, LC-QTOF-MS analysis revealed
the presence of quercetin, 1,3,4-trigalloyl-beta-D-
glucopyranose, benzyl oxyphenyl isoserine methylester,
pteridine, gallic acid, 2,4,6-trihydroxybenzoic acid,
xanthine and carboxymethyl oxysuccinate. Quercetin
is a flavonoid found in fruits, vegetables and in
plants commonly used in traditional medicinel!.
Flavonoids are polyphenolics compounds which
possess antioxidant properties due to their reducing
and chelating capabilities. They can prevent injury
caused by free radicals by their significant free radical
scavenging activity®. Quercetin has antioxidant and
anti-inflammatory effects which may help to prevent
the renal disease. Xanthine oxidase plays an important

role in various forms of ischemic and other types of
tissue and vascular injuries, inflammatory diseases
and chronic heart failure®®. In evidence of this, the
polyphenolic compounds of PHE could contribute to
nephron protection by its antioxidant activity. Yet, the
precise mechanism is not known, its protective effect
can be linked with the presence of phytoconstituents.

The oral acute toxicity test showed no lethality or signs
of toxicity at 2000 mg/kg and the PHE was considered as
safe. Therefore, 1/10" dose was selected as therapeutic
dose (200 mg/kg) from maximum tolerance dose, one
and a half of it as highest dose (300 mg/kg/d) and then a
half of it as lowest dose (100 mg/kg/d) for evaluation of
nephroprotective and antioxidant activity in vivo.

The changes of body and kidney weight of the animals
of different treatments are shown in Table 2. Renal
injury induced by gentamicin caused significant
(p<0.05) decrease in body weight and increase in
kidney weight in GM group when compared with the
CON group. There was significant difference in body
weights in all experimental groups when compared with
the gentamicin-treated group at the end of experiments.
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Fig. 2: Representative TIC BPC of PHE extracted by LC-QTOF-MS

TABLE 2: EFFECT OF PHE ON ANIMAL BODY WEIGHT AND KIDNEY WEIGHT IN GENTAMICIN-INDUCED

NEPHROTOXICITY IN RATS

Groups 0d (@ Body weight 22d (@) Kidney weight (g)
CON 339.83+12.332 353.67+15.64° 2.20+0.10°
GM 323.33+16.492 326.50+12.62° 2.89+0.32°
GM+TAU 322.67+15.312 348.17+15.882 2.740.13%
GM+PHE100 320.33+12.992 343.67+10.302 2.72+0.16*
GM+PHE200 320.50+12.872 343.50+8.192 2.62+0.09%
GM+PHE300 319.67+13.912 351.00£10.912 2.78+0.19%

Note: Data are expressed as mean+SEM (n=6). @ ®Values in a column differ significantly (p<0.05). CON: Normal control group; GM: Gentamicin-
intoxicated group; GM+TAU: Gentamicin+taurine group; GM+PHE100: Gentamicin+polyherbal extract group (100 mg/kg); GM+PHE200:
Gentamicin+polyherbal extract group (200 mg/kg); GM+PHE300: Gentamicin+polyherbal extract group (300 mg/kg)
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Furthermore, control animals did not change the body
and the kidney weight throughout the study period. The
significant and progressive weight loss in gentamicin-
treated rats might be due to injury of renal tubules and
the subsequent loss of the tubular cells to reabsorb water,
leading to dehydration and loss of body weight. Loss of
body weight in the gentamicin-treated group provides a
condition of negative nitrogen balance, which provides
a statement for potassium lossP*¥. Oral administration
of graded doses of the PHE has a protective role against
weight loss induced by gentamicin. It is reasonable to
conclude that the antioxidant effect was responsible
for the prevention of weight loss recorded in this
study. Similar to our observation, gentamicin-treated
animals shown significant loss in body weight in a
dose-dependent manner®>!. The weight of kidney was
found to be significantly increased in rats treated with
gentamicin which may be due to edema induced by
acute tubular necrosis’®*® and administration of PHE
was failed to decrease normalized kidney weight
induced by gentamicin. Several studies supports the
present finding that the increase in kidney weight after
gentamicin treatment™!337381 All the treatment groups
treated with PHE resulted to prevent change in body
and kidney weight during the treatment period.

The effects of treatment of PHE at various doses
were studied on renal biomarkers against gentamicin-
induced toxicity are presented in Table 3. GM group had
shown significant (p<0.05) increase in the level of urea,
creatinine, uric acid and BUN in serum as compared to
CON group which indicates renal dysfunction. On the
other hand, the treatment of GM+PHE300 decreased
insignificantly (p>0.05) the level of urea, BUN,
creatinine and decrease significantly (p<0.05) the
level uric acid in serum. However, the values of total
protein in all the treatment groups were insignificantly
(p>0.05) altered in gentamicin induced nephrotoxicity
modal in rats.

The treatment of GM+PHE300 reversed elevation of
gentamicin-induced serum creatinine and uric acid

levels to almost normal values. These observations
indicate improved renal function in the form of
effective clearance of urea and creatinine. This showed
the protective effect of PHE against toxic effects
of gentamicin on kidney. A similar findings by the
administration of A. marmelos®), T. terrestris!'¥ and
B. diffusal™ to rats have also been reported.

The increased serum creatinine, urea and BUN
level in the gentamicin treated rats were observed
which decreased the glomerular filtration ratel'%l. The
mechanism behind elevated serum urea and creatinine
might be that the gentamicin increases the entry of
Calcium ions (Ca*™) in the mesangial cells leading
to reduced glomerular filtration ratel®”. On the other
hand, rise in serum creatinine depends upon the extent
of tubular necrosis which may be due to the blocking
of tubules by gentamicin-induced nephrotoxicity*l.
The obstruction of tubules by necrotic debris and
filtrate leaking through the damaged tubules might be
responsible for elevated serum creatinine levels!”.

Effect of gentamicin alone, gentamicin plus PHE on
activity of renal SOD, CAT and GHS level in different
treatment groups are shown in Table 4. Gentamicin
intoxication caused a significant (p<0.05) decrease in
renal CAT activity. In the toxicity condition, the tissue
CAT is utilized more due to production of more ROS
and H,O,. In the present study, the levels of GSH and
SOD in rat kidney tissues were slightly increased after
GM injection to PHE compared with control group. It
may be due to more production of superoxide ion and
H,0, leads to elevation in SOD and GSH activity to
overcome the auto oxidation and oxidative stress. If the
oxidative stress is not very strong for long duration, the
SOD and GSH activity increases. If oxidative stress is
persisting or its level is very high, the proteins damage
became profound and a decreased SOD and GSH
activity may occur either via direct oxidative damage
of the SOD molecules or via oxidative stress-altered
SOD and GSH gene expression or both. Treatment with
chlorfenvinphos at low dose could result in an increase

TABLE 3: EFFECT OF PHE ON SERUM RENAL BIOMARKERS IN VARIOUS TREATMENT GROUPS

Groups Creatinine (mg/dl) BUN (mg/dl) Total protein (g/dl) Urea (mg/dl) Uric acid (mg/dl)
CON 0.36+0.032 16.44+1.27¢ 6.47+0.122 35.19+2.72¢ 1.18+0.10°
GM 0.77+0.20%® 30.12+1.64° 6.45:0.142 64.47+3.512 2.25+0.172
GM+TAU 0.50+0.09%* 28.89+2.07%* 6.38+0.122 61.82+4.42% 1.23£0.35°
GM+PHE100 0.62+0.15* 24.98+1.58% 6.35:0.06° 53.45+3.38% 1.03£0.25°
GM+PHE200 0.42+0.05* 26.05+2.00* 6.55+0.06° 55.75+4.29% 0.98+0.24°
GM+PHE300 0.40+0.07° 24.75+1.51° 6.410.172 52.97+3.23° 1.05£0.12°

Note: Data are expressed as meanzSEM (n=6). @ ® <Values in a column differ significantly (p<0.05). CON: Normal control group; GM:
Gentamicin-intoxicated group; GM+TAU: Gentamicin+taurine group; GM+PHE100: Gentamicin+polyherbal extract group (100 mg/kg);
GM+PHE200: Gentamicin+polyherbal extract group (200 mg/kg), GM+PHE300: Gentamicin+poly herbal extract group (300 mg/kg)
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TABLE 4: EFFECT OF PHE ON OXIDATIVE STRESS MARKERS OF RENAL IN VARIOUS TREATMENT

GROUPS

Groups SOD (U/mg protein) CAT (U/mg protein) GSH (pg/mg tissue)
CON 30.98+6.442 1.70£0.112 0.20+0.072

GM 40.69+4.132 0.72+0.07¢ 0.26+0.082
GM+TAU 42.44+1.002 0.9210.01¢ 0.32+0.052
GM+PHE100 32.20+1.882 0.86x0.06¢ 0.11+0.012
GM+PHE200 33.04+3.572 0.90+0.05¢ 0.35+0.142
GM+PHE300 33.05+2.042 1.28+0.11° 0.22+0.042

Note: Data are expressed as mean+SEM (n=6). @ ™ 9Values in a column differ significantly (p<0.05). CON: Normal control group; GM:
Gentamicin-intoxicated group; GM+TAU: Gentamicin+taurine group; GM+PHE100: Gentamicin+polyherbal extract group (100 mg/kg);
GM+PHE200: Gentamicin+polyherbal extract group (200 mg/kg); GM+PHE300: Gentamicin+polyherbal extract group (300 mg/kg); CAT:

Catalase; GSH: Reduced glutathione; SOD: Superoxide dismutase

in the superoxide anion level and simultaneous increase
in SOD activity™!. Simultaneous administration of PHE
with gentamicin resulted in dose-dependent significant
improvement in CAT activity. This finding demonstrates
that PHE has shown significantly antioxidant effect
against gentamicin-induced oxidative damage in renal
tissue.

Normal cellular metabolic activities generate ROS,
which are eliminated by intrinsic antioxidant enzyme
systemst ., Gentamicin induces renal mitochondrial
dysfunctions with generation of ROSHM!. The main
mechanisms of acute and chronic renal pathologies
are aggregation of ROSM™, Therefore, antioxidant and
ROS scavenger properties may have the capacity to
eliminate the deleterious effects caused by gentamicin.
This observations support the evidence of gentamicin-
induced inhibition of enzymes is reversible and this
inhibitionofenzymewasattenuated by theadministration
of PHE extracts in this study. The oxidative stress plays
an important role for unbalance between the production
of ROS and antioxidant defence. Many studies
mentioned that gentamicin causes oxidative stress
and nephrotoxicity, characterised by exposure to ROS
(reference). Hence, natural antioxidants are claimed to
provide nephroprotection in gentamicin renal injury.
These alterations were also reversed with simultaneous
administration of TAU suggesting the beneficial role of
the drug with respect to renal functions. Administration
of TAU significantly reduced the nephrotoxic symptoms
produced by gentamicinl®l,

The histological changes in kidney sections from
various treatment groups are shown in fig. 3 and Table 5.
Histology of kidney sections from animals of the control
group showed normal glomeruli and tubular architecture
with no evidence of necrosis (fig. 3A). In contrast,
rats treated with gentamicin produced congestion,
interstitial infiltration of inflammatory cells, tubular
necrosis, proliferation of fibrous connective tissue and
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cystic dilatation of tubules (fig. 3B). Simultaneous
administration of gentamicin plus PHE (100 mg/
kg and 200 mg/kg) showed mild congestion, tubule
necrosis alone with moderate interstitial infiltration
of inflammatory cells compared to the gentamicin-
treated group (fig. 3C-fig. 3E). The rats treated with
gentamicin along with PHE at 300 mg/kg had shown,
noticeably preserved architecture of glomeruli and
tubular epithelium (fig. 3F) which indicates that PHE
has ability to ameliorate the gentamicin-induced renal
tubular damage.

Free radicals released from mitochondria of renal
tubular cells were found to be the main factor in
induction of gentamicin-induced nephrotoxicity*6],
Severe and extensive histological alterations induced
by gentamicin as seen in the present work suggest the
potential of gentamicin to cause oxidative damage
to macromolecules and cellular organelles. Leaking
of proteins may be due to tubular cell degeneration
caused by hyaline and granular casts in proximal and
collecting tubules. The obstruction associated with
casts may cause depression of glomerular filtration
rate, which leads to kidney damage*”. Scavenging of
free oxygen radicals prevents irreversible renal cell
injury and necrosis!*”. The PHE treatment at 300 mg/
kg showed near to normal architecture as observed in
control group.

The present study showed that PHE protected against
gentamicin-induced nephrotoxicity by improving renal
biomarkers and antioxidant enzyme activities which
are further supported by histological examinations. The
plants are important source of various phytochemicals
and antioxidant compounds also. Polyphenolic
compounds possess nephroprotective property by
promoting antioxidant enzyme system, thereby
attenuating ROS generation. Additionally, further
studies are essential to find out the mechanism of action
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Fig. 3: Effect of PHE on the kidney histopathological photomicrographs of the experimental groups of rats. Histopathological
photomicrographs (400x) of kidney of various groups stained with haematoxylin and eosin, (A) CON, normal glomeruli and tubular
epithelium; (B) GM treated group, mild congestion, tubular necrosis along with interstitial infiltration of inflammatory cells; (C)
GM+TAU group, normal architecture of glomeruli and vacuolar degeneration in tubular epithelium; (D) GM+PHE100 group,
tubular necrosis along with moderate interstitial infiltration of inflammatory cells; (E) GM+PHE200 group, mild congestion,
tubular necrosis along with mild interstitial infiltration of inflammatory cells; (F) GM+PHE300 group, almost normal architecture
of tubules and degenerative changes along with mild interstitial infiltration of inflammatory cells

TABLE 5: HISTOPATHOLOGICAL FEATURES OF THE KIDNEYS OF RATS OF DIFFERENT TREATMENT
GROUP

Histopathological features

Groups Vacuolar Interstitial infiltration of inflammatory = Tubular .
degeneration cells necrosis Congestion

CON Nil Nil Nil Nil

GM Nil Severe Moderate Mild
GM+TAU Mild Nil Nil Nil
GM+PHE100 Nil Moderate Mild Nil
GM+PHE200 Nil Mild Mild Mild
GM+PHE300 Nil Mild Nil Nil
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of active compounds from PHE which are responsible
for its nephroprotective role.
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