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Aqueous extract of Boerhaavia diffusa root ameliorates
ethylene glycol-induced hyperoxaluric oxidative stress and

renal injury in rat kidney

Surendra K. Pareta’, Kartik C. Patra', Papiya M. Mazumder? and Dinakar Sasmal?

IS.L.T. Institute of Pharmaceutical Sciences, Guru Ghasidas University, Bilapur, India and *Department of
Pharmaceutical Sciences, Birla Institute of Technology, Mesra, Ranchi, India

Abstract

Introduction: Boerhaavia diffusa Linn. (Nyctaginaceae) is widely used in traditional Indian medicines against renal
afflictions including calcium oxalate (CaOx) urolithiasis and is known for antioxidant activity.

Objective: The present study was designed to investigate the ameliorating effect of aqueous extract of B. diffusa roots
(BDE) in hyperoxaluric oxidative stress and renal cell injury.

Material and methods: In vitro antioxidant activity of BDE was estimated in terms of total phenolic content and 1,1-
diphenyl-2-picryl hydrazyl free radical scavenging activity. Wistar albino rats were given 0.75% v/v ethylene glycol in
drinking water to induce chronic hyperoxaluria and simultaneously BDE was given to nephrolithiasic treated rats at
the dose of 100 and 200 mg/kg b.w. orally for 28 days. Urinary volume, oxalate, serum creatinine, blood urea nitrogen
(BUN), malondialdehyde (MDA) and antioxidant enzyme (SOD, CAT, GST, GPx) were evaluated.

Results and discussion: BDE extract was found to posses a high total phenolic content and exhibited significant
free radicals scavenging activity. Oxalate excretion significantly increased in hyperoxaluric animals as compared to
control which was protected in BDE-treated animals. BDE treatment significantly reduced level of MDA and improved
the activity of antioxidant enzymes followed by reduction in BUN and serum creatinine. In addition, BDE reduced
the number of CaOx monohydrate crystals in the urine. Histological analysis depicted that BDE treatment inhibited
deposition of CaOx crystal and renal cell damage.

Conclusion: The present study reveals that antioxidant activity of BDE significantly protects against hyperoxaluric

oxidative stress and renal cell injury in urolithiasis.

Keywords: Urolithiasis, calcium oxalate, antioxidant, lipid peroxidation

Introduction

Hyperoxaluria is one of the major risk factors of human
idiopathic calcium oxalate (CaOx) urolithiasis. Oxalate is a
natural byproduct of metabolism and harmlessly excreted
through urine in normal individuals. However, increased
urinary excretion of oxalate (hyperoxaluria) can be highly
toxic because of its propensity to crystallize at physiologic
pH and form CaOx (Khan, 2005). Exposure to oxalate
generates toxic responses in renal epithelial cells, includ-
ing altered membrane surface properties, mitochondrial
dysfunction, formation of reactive oxygen species (ROS)
and decreased cell viability (Jonassen et al., 2005).

Overproduction of ROS and reduction in cellular
antioxidant capacities, leads to the development of oxi-
dative stress (Khan, 2005). Oxidative stress followed by
renal cell and loss of membrane integrity, which sub-
sequently facilitates the retention and growth of CaOx
stones in renal tubules (Selvam, 2002). Recent studies
suggest that treatment with antioxidants reduced CaOx
crystal induced renal injuries. Pretreatment with vita-
min E along with mannitol abolished the deposition of
CaOx crystals in the kidneys of rats injected with sodium
oxalate (Thamilselvan & Selvam, 1997). Therefore, treat-
ment with natural antioxidants seems to be the possible
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therapeutic strategy for ameliorating hyperoxaluria-in-
duced oxidative stress and renal cell injury in urolithiasis.
Diuretic and crystallization inhibition property of these
herbs adds a synergistic effect to combat with hyperox-
aluria induced urolithiasis.

Boerhaavia diffusa Linn., commonly known as
Punarnava in Sanskrit, is a herbaceous plant of fam-
ily Nyctaginaceae. Medicinal values of this plant in the
treatment of a large number of human ailments includ-
ingrenal disorders are mentioned in Ayurveda, Charaka
Samhita, and Sushrita Samhita. Root decoction of this
plant is used to treat kidney stones by indigenous and
tribal people of India (Kasana et al., 2009). Some clini-
cal and preclinical studies evidenced the effectiveness
of this herb in various renal disorders like nephritic
syndrome (Singh & Udupa, 1972), kidney regenera-
tion (Mishra & Singh, 1980), diuresis (Gaitonde et al.,
1974) and antiurolithiatic activity (Pareta et al., 2010).
The herbal extract of B. diffusa also reported to inhibit
the growth of struvite crystals in vitro (Chauhan et al.,
2009). Further, B. diffusa is included as herbal diuretic
agent in the Indian Pharmacopoeia (2006) and also a
major constituent of polyherbal formulation Cystone
(Himalaya Health Care Pvt. Ltd., India) is used to cure
renal ailments such as urolithiasis. These studies incor-
porated multidisciplinary interests that antioxidant
activity of plant may have a role in protecting the kid-
ney from hyperoxaluric oxidative stress in urolithiasis.
Therefore, in the present study, an effort has been made
to establish the scientific validity for the ameliorating
effect of B. diffusa root aqueous extract in ethylene
glycol (EG)-induced hyperoxaluric oxidative stress and
renal cell injury in rat kidney.

Materials and methods

Plant material: extraction and phytochemical
screening

B. diffusa was collected from Birla Institute of
Technology, Mesra campus, Ranchi, India, in month
of August (2008). A sample herbarium of the plant was
submitted to the herbarium of Botanical Survey of India
(BSI) (A Central National Herbarium), Kolkata. The
plant was authenticated by Dr. M.S. Mondal (Additional
Director, BSI) as B. diffusa variety red (letter no. CHN/I-
1/2009/Tech 11/9).

The roots of plant were cleaned, dried and ground to
powder using a commercial mill. Approximately, 500 g of
the plant powder was soaked in 2.5 L water at room tem-
perature for 24 h with occasional shaking. It was filtered
through a single layer of muslin cloth and then finally
filtrate was collected by passing it through a Whatman
grade No. 1 filter paper in a Buchner funnel under vac-
uum. The filtrate was evaporated to dryness on a rotary
evaporator under reduced pressure. About 48g crude
aqueous extract of B. diffusa roots (BDE) was obtained;
the approximate yield was 9.6% (w/w).

© 2011 Informa Healthcare USA, Inc.
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Characterization of extract

Characterization of BDE was performed using the high
performance thin layer chromatography (HPTLC) sys-
tem (Camag, Muttanz, Switzerland) which consisted of
(i) TLC scanner connected to PC running WinCATS soft-
ware under MS DOS and (ii) Linomat IV sample applica-
tor with 100 pL syringe and connected to a nitrogen tank.
The plate was accommodated according to the following
settings: band width 5mm; distance between bands
10mm; application volume 10 pL; gas flow 150 nL/s.
The plate was developed to 7cm in a twin trough glass
chamber pre-saturated with the upper layer of a mixture
ethyl acetate-hexane (5:5, v/v) and dried. The scanner
was set for maximum light optimization and with the fol-
lowing settings: slit dimension 5.00 x 0.45 mm; scanning
speed 20mm/s; data resolution 100 pm/step; scanning
wave length 254 nm in absorbance reflectance mode. All
remaining measurement parameters were left at default
settings.

In vitro antioxidant activity

Total phenolic content

Total phenolic content in BDE was determined according
to Prussian blue method (Budinin et al., 1980).

DPPH radicals scavenging

Free radical scavenging activity of BDE was estimated
by using 1,1-diphenyl-2-picryl hydrazyl (DPPH). A
series of different concentrations of extract and stan-
dard (ascorbic acid) in the same extraction solvent were
prepared (25, 50, 100, 150, 200, 250, 500 and 1000 pg/
mL). Then, 50 pL of extract at different concentrations
were mixed with 1000 pL of 0.004% DPPH in methanol.
The disappearance of DPPH was read spectrophoto-
metrically at 517 nm after 30 min of incubation at room
temperature in dark. A purple to yellow color change
was observed. Methanol was used as blank and control
was used without extract (Sevil et al., 2008). The mea-
surements were performed in triplicate and the results
were averaged. Free radical scavenging capacity was
expressed as percentage inhibition of DPPH radical
and was calculated as follows:

I (% inhibition) =100 (1 _ absorbance of sample J

absorbance of control

From the obtained values, IC_ was determined.

Animals

Twenty-four inbred male Wistar albino rats (180-200g
body weight) were used in this study. Animals were
procured from the Institutional animal House (Reg no.
621/02/ac/CPCSEA) of Birla Institute of Technology,
Mesra, India. All animals were kept in polyacrylic cages
and maintained under standard housing conditions
(room temperature 24-27°C and humidity 60-65% with
12:12 light:dark cycles). Food was provided in the form
of dry pellets and water ad libitum. The animals were



1226 S.K.Pareta et al.

allowed to get acclimatized to the laboratory conditions
for 7 days before the commencement of the experiment.
All experiments involving animals comply with the ethi-
cal standards of animal handling and were approved by
Institutional Animal Ethical Committee.

Induction of oxidative stress by oxalate

EG-induced hyperoxaluria model (Atmani et al., 2003)
was used to induce oxidative stress and renal cell injury
in Wistar albino rats. Animals were divided into four
groups comprising six animals in each. Group 1 was used
as normal control and given water only and groups 2-4
were given 0.75% v/v EG for 28 days in drinking water to
induce low chronic grade hyperoxaluria. Simultaneously,
the following treatment was given once daily: Group
1 was given normal saline 10mL/kg body weight p.o
served as normal control group; Group 2 was given nor-
mal saline 10 mL/kg body weight p.o. served as untreated
hyperoxaluric rats group; groups 3 and 4 were given
BDE 100 and 200mg/kg body weight p.o., respectively,
served as treated hyperoxaluric rats group. The doses of
BDE were selected on the basis of previous toxicity stud-
ies (one tenth of LD, ) (Chandan et al., 1991; Dhar et al.,
1968). During the study of 28 days, various biochemical
parameter of urine and serum was estimated. At the end
of the experimental period, animals were sacrificed and
dissected to isolate kidneys for estimation of antioxidant
markers and histopathological analysis.

Assessment of renal function and oxalate excretion
Animals were kept in metabolic cages individually for
the collection of 24 h urine on 0, 7, 14, 21 and 28th day
and volume was measured immediately after collection.
Urinary oxalate level was estimated by the colorimetric
method using commercial oxalate kit (Sigma). Aliquots
of urine sample were taken and examined under micro-
scope (Lieca EZ-4D) for crystalluria analysis. Blood was
obtained by cardiac puncture under ether anesthesia at
the end of experiment. Blood urea nitrogen (BUN), serum
and urine creatinine were estimated using commercial
kits (Bio in vitro). Creatinine clearance was calculated
according to standard clearance formula C=U/SxV,
where U is the urinary concentration of creatinine, S is
the concentration of creatinine in the serum and V'is the
urine volume in mL/min.

Assessment of parameters for oxidative stress and
antioxidant status in renal tissue

The isolated right kidneys were used for the preparation
of kidney homogenate. Renal cortex was separated and
subsequently homogenized in cold potassium phos-
phate buffer (0.05M, pH 7.4). The renal cortical homo-
genates were centrifuged at 1500xg for 10min at 4°C
(Bashir & Gilani, 2009). The resulting supernatant were
used for the determination of malondialdehyde (MDA),
catalase (CAT), superoxide dismutase (SOD), glutathi-
one S-transferase (GST), reduced glutathione (GSH) and
glutathione peroxidase (GPx).

MDA assay

According to the method of Esterbauer and Cheeseman
(1990), MDA was estimated in terms of thiobarbituric
acid reactive species (TBARS). Homogenized renal tissue
(1mL) in 2mL of normal saline was mixed with 1 mL tri-
chloro acetic acid (20%), 2mL thiobarbituric acid (0.67%)
and heated for 1h at 100°C. After cooling, the precipitate
was removed by centrifugation. The absorbance of the
sample was measured at 535 nm using a blank contain-
ing all the reagents except the sample. As 99% TBARS
are MDA, TBARS concentrations of the samples were
calculated using the extinction coefficient of MDA
(1.56x10°M'cm™) (El-Demerdash et al., 2009).

CAT assay

The CAT activity was measured using the method of
Chance and Maehly (1955) by following the decomposi-
tion of hydrogen peroxide. The reaction mixture consisted
of 2mL of 100 mM phosphate buffer (pH 7.0), 0.90 mL of
hydrogen peroxide (30mM) and 0.1 mL of supernatant
in a final volume of 3mL. Absorbance was recorded at
240nm at every 10 s interval for 1 min. One unit of CAT is
defined as the amount of enzyme required to decompose
1M HZOz/min, at 25°C.

SOD assay

An indirect method of inhibiting auto-oxidation of epi-
nephrine to its adrenochrome was used to assay SOD
activities. Kidney homogenate (0.05mL) was added to
2.0mL of carbonate buffer and 0.5mL of 0.0l mM EDTA
solution. The reaction was initiated by addition of 0.5 mL
of epinephrine (3x 10 M) at pH 10.2 and the change in
optical density every minute was measured at 480 nm
against reagent blank for 5min. A graph of absorbance
against time was plotted for each sample and the rate of
auto-oxidation calculated. One unit of SOD activity is
defined as the concentration of the enzyme (mg protein/
mL) in the plasma that caused 50% reduction in the auto-
oxidation of epinephrine (Misra & Fridovich, 1972; Saggu
etal., 1989).

GST assay

GST activity was estimated by the method of Habig et al.
(1974) from the rate of increase in conjugate formation
between GSH and 1-chloro-2,4-dinitrobenzene (CDNB)
by measuring the increase in absorbance at 340nm. In
a 3.00mL reaction mix, the final concentrations were
97mM potassium phosphate, 0.97mM EDTA, 2.5mM
GSH, 1.0mM CDNB, 3.2% (v/v) ethanol and 0.0075-0.015
unit GST. In the test, kidney homogenate added instead
of enzyme. Immediately, absorbance was taken at 340 nm
at 30 s interval for 5min.

GPx assay

GPx activity was measured by using the method of Paglia
and Valentine (1967). Reaction mixture contained 2.5 mL
of 0.1 M/1 Tris-HCl buffer (pH 7.2), 75 pL of 0.04 M/l GSH,
100 pL of 0.1M/] nicotinamide adenine dinucleotide

Pharmaceutical Biology



phosphate (NADPH) and 100 pL of GSH (0.24 units).
Homogenate (20 pL) was added to the reaction mixture.
Reaction was initiated by adding 100 pL of 0.75mM
hydrogen peroxide. The decrease in absorbance was
measured at 340 nm for 3min at every 30 s interval. The
activity was expressed as unit/mg protein using molar
extinction coefficient of 6.22 x 103 (mM/L)'cm".

Reduced glutathione

GSH was measured by using the method described by
Dringen and Hamprecht (1996) with slight modifica-
tions. Tissue homogenate 50 pL was diluted with 50 pL
of 100mM phosphate buffer containing 1mM EDTA.
To this mixture, 100 pL of reaction buffer (295 uM 5,5’-
dithiobis (2-nitrobenzoic acid) (DTNB) made in 10 mL of
phosphate buffer) was added and change in absorbance
was measured at 412nm for 5min at every 30 s interval.
Reduced pure GSH was used to obtain a standard curve.
Reduced GSH was expressed as pM GSH/mg tissue.

Protein estimation

Protein estimation was done by using standard protocol
of Lowry et al. (1951). Bovine serum albumin was used as
standard, and the color developed was read at 660 nm.

Histopathological studies
The left kidney excised from animal was immediately
fixed in 10% buffered formalin (pH 7.0). The tissues
were dehydrated with ascending grade of alcohol and
embedded with paraffin wax (M.P. 55°C). Paraffin kidney
sections (6 pum thick) were cut, mounted on slides with
Mayer’s albumin solution, deparaffinized, rehydrated
with descending grade of alcohol and finally stained
with hemotoxylin and eosin (Atmani et al., 2009). The
kidney sections were examined under light microscope
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(Lieca EZ-4D) to evaluate pathological changes and pho-
tomicrographs were taken. A semiquantitative scoring
method was used to analyze the renal tissue damage and
crystal deposition.

Statistical calculations

All the data were expressed as mean + standard error
of mean (SEM). All statistical comparisons between the
groups were made by means of one way analysis of vari-
ance (ANOVA) with post hoc Tukey-Kramer’s multiple
comparison test. The concentration-response curves
were analyzed by nonlinear regression and IC_, was cal-
culated by “log (inhibitor) vs. response—Variable slope”
using Graphpad Prism 5 software.

Results

HPTLC characterization, total polyphenolics and DPPH
scavenging of BDE

The HPTLC fingerprints of the BDE is shown in Figure 1,
prominent peaks were observed at R, values of 0.09, 0.12,
0.18, 0.31, 0.47, 0.51, 0.69 and 0.72 with area under the
curve 726.8, 1428.6, 5369.0, 2355.0, 4293.3, 1355.0, 444.7
and 1815.7 unit, respectively. The total polyphenolic
content was found to be 5.2mg/g of extract, expressed
as gallic acid equivalent. BDE shows dose-dependent
scavenging of DPPH, with IC_; value of 119.9, which is
comparable with ascorbic acid used as standard (IC,_,
122.0) (Figure 2).

Evaluation of renal functioning

The urine output was increased significantly (» <0.001) in
untreated as well as BDE-treated hyperoxaluric rats. The
urine output in control group was 6.77 +0.48 mL/24 h/rat,
which was increased to about 79.47% in hyperoxaluric

8.8 8.1
Havelength: 254 nn

8.2 8.3 8.4 0.5

g6 87 8.8 8.3 1.0
CRf1

Figure 1. HPTLC Fingerprint of aqueous extract of roots of Boerhaavia diffusa Linn.

© 2011 Informa Healthcare USA, Inc.
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rats (Group II) and 136.93 and 254.95% in BDE treated
rats, which still remains significantly (p<0.01; p<0.001)
higher in BDE treated rats in dose-dependent man-
ner as compared to untreated hyperoxaluric group.
Hyperoxaluric treatment (EG) induced hyperoxaluria
in rats and urinary excretion of oxalate in untreated
hyperoxaluric rats (Group II) increased tremendously
(p<0.001), as compared to control rats (Group I). In BDE
treated rats (group IIl and IV) again the oxalate excretion
is high as compared to control rats but there was a sig-
nificant (p<0.001) reduction as compared to untreated
hyperoxaluric rats (Table 1).

Microscopic observation revealed that urine of con-
trol rats was devoid of any crystal (Figure 3A). Figure 3B
revealed the presence of numerous aggregated CaOx
monohydrate (COM) crystals (dumbbell-shaped) and
CaOx dihydrate (COD) crystals (bipyramidal shaped) in
untreated hyperoxaluric rat’s urine. Only few COD crys-
tals were observed in BDE-treated animals as shown in
Figure 3C and 3D. BDE visibly reduced the size and num-
ber of the crystals in dose-dependent manner.

Hyperoxaluric treatment caused impairment of renal
functions in untreated hyperoxaluric rats as evident

— 60'

t

b

% inh
2

0 T T I 1
1.0 15 20 25 3.0

log conc (mcg)

e Ascorbic Acid ® Boerhaavia diffussa aq. ext.

Figure 2. DPPH free radicals scavenging activity BDE with
reference to standard (ascorbic acid).

from the markers of glomerular and tubular damage, viz,
raised BUN (p<0.001) and serum creatinine (p<0.01),
and reduced creatinine clearance (p <0.001), which were
dose-dependently prevented in the animals receiving a
simultaneous treatment with BDE.

Renal oxidative stress and antioxidant status
Hyperoxaluriainducingtreatmentenhanced MDA and total
protein content (p<0.001), decreased GSH level (p<0.001)
and activities of the antioxidant enzymes including SOD
(p<0.001), GPx (p<0.001) and CAT (p<0.001) in kidneys
of the untreated rats as compared to the control animals.
A simultaneous treatment with BDE protected against the
oxidative changes induced by hyperoxaluric treatment in a
dose-dependent manner (data shown in Table 2).

Histological analysis

Renal histology of control animals showed no crystal
deposits with normal glomeruli and tubular architec-
ture (Figure 4A), whereas animals exposed to EG only
showed shrinkage of glomeruli and severe tubular
damage (Figure 4B). Flat epithelial lining and glomeru-
lar capsule was also broken at few instances. Numerous
crystal depositions were seen in renal tubule lumen
and interstitial sites. Grossly, kidneys of untreated
hyperoxaluric animal were damaged severely (Table 3).
However, simultaneous treatment with BDE (Figure 4C
and 4D) reduced these renal injuries and normal-
ized the renal architecture in dose-dependent man-
ner. Crystal deposits were also visibly small and less
abundant compared to those in the untreated kidneys
(Figure 4B).

Discussion

It has been postulated that oxalate-induced damage
to renal cells may contribute to a number of renal
pathologies, including the deposition of CaOx stone in
kidney (Hackett et al., 1995; Scheid et al., 1995). High
concentration of oxalate is toxic for renal epithelial
cells, producing injury, alteration in membrane integ-
rity and death of renal cells through the generation of
ROS and increased oxidative stress (Kurien & Selvam,
1989; Miller et al., 2000). Compounds with antioxi-
dant potential have been found to be fairly useful in

Table 1. Effect of BDE treatment on oxalate excretion and renal function in rats.

Observational parameter Control Untreated Treated (BDE 100 mg/kg) Treated (BDE 200 mg/kg)
Urine volume (mL/24h) 6.77+0.48 12.15+0.34* 16.04 +0.36%¢ 24.03+1.29%%¢
Oxalate (mg/mL) 0.460+0.061 1.852+0.61* 0.617+0.29° 0.545+0.049°¢
Blood urea nitrogen (mg/dl) 37.21+£1.91 50.67+2.28% 36.13+2.01° 32.91+1.68°
Serum creatinine (mg/dl) 0.568+0.025 0.879+0.029° 0.575+0.059¢ 0.357+0.085°¢
Creatinine clearance (mg/min) 0.682+0.062 0.325+0.045% 0.590+0.037¢ 0.740+0.025¢

Values are expressed in mean + SEM (n=6).

2p<0.001 compared with control group.

®p<0.01 compared with control group.

‘p<0.001 compared with untreated group.

4p<0.01 compared with untreated group.

¢p<0.001 compared with treated (BDE 100 mg/kg) group.

Pharmaceutical Biology



combating these disorders. Therefore, a huge body
of research is focused on exploring safe and effective
antioxidant compounds. Plant extracts or plant-based
antioxidants are not only efficient, but also relatively
safer than the synthetic ones.

B. diffusa contains a large number of phenolic con-
stituents, viz, 3,4-dihydroxy-5-methoxycinnamoyl-
rhamnoside, eupalitin 3-O-galactosyl(12) glucoside,
caffeoyltartaric acid, kaempferol 3-O-robinobioside,
eupalitin 3-O-galactoside, quercetin and kaempferol

Antiurolithiatic activity of Boerhaavia diffusa 1229

(Ferreres et al., 2005). These phenolic constituents are
responsible for antioxidant activity of B. diffusa. Total
phenolic content and DPPH radical scavenging activity
of BDE shows its potent antioxidant potential. BDE effi-
ciently quenches hyperoxaluria generated ROS such as
superoxide, peroxide, and hydroxyl radicals.

The most harmful consequence of hyperoxaluria is
deposition of the CaOx crystal in kidney. Primary or sec-
ondary hyperoxaluria is the major risk factor for the uro-
lithiasis (Sellaturay & Fry, 2008). In the present study, low

Table 2. Effect of BDE treatment on renal enzymes and other antioxidant markers in rat kidney homogenate analysis.

Antioxidant marker/enzyme Control Untreated Treated (BDE 100mg/kg) Treated (BDE 200 mg/kg)
Malondialdehyde (MDA) (uM/mg protein) 6.67+0.03 9.35+0.14° 5.38+0.02°¢ 6.47+0.05%°
Catalase (uM H,0, decomposed/min) 68.2+0.32 39.5+0.61* 53.6+0.52¢ 55.4+0.21¢
Super oxide dismutase (U/mg protein) 1.623+0.02 0.826+0.08° 1.441+0.09° 1.418+0.05¢
Glutathione S-transferase (uM/min/mg protein)  0.721+0.01 0.765+0.03 0.723+0.02¢ 0.725+0.03
Reduced glutathione (uM/mg protein) 6.452+0.13 3.78+0.08* 5.254+0.17° 5.817+0.15%
Glutathione peroxidase (U/mg protein) 0.720+0.01 0.421+0.03° 0.678+0.02%¢ 0.690+0.02°f

Total protein content (mg/dl) 284+11.2 315+4.28° 210+7.8° 261+21.1%

Values are expressed in mean + SEM (n=6).

3p<0.001 compared with control group.

bp<0.01 compared with control group.

°p<0.001 compared with untreated group.

4p<0.01 compared with untreated group.

°p<0.001 compared with treated (BDE 100 mg/kg) group
p<0.001 compared with treated (BDE 100 mg/kg) group.

a. Conrol

C. Treated (BDE 200mg/kg)

Figure 3. CaOx crystals in the urine of different treatment groups (Leica EZ-4D) at 40 x 10x magnification. (A) Control rats showed very
few or no crystals; (B) Untreated rats excreted numerous oval COM and pyramidal shaped COD crystals; (C and D) Treated rats excreted a

significantly reduced number of crystals.

© 2011 Informa Healthcare USA, Inc.
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chronic grade hyperoxaluria in animals was induced by
adding the 0.75% EG in drinking water to mimic the idio-
pathic hyperoxaluric condition in human (Atmani et al.,
2009). Oxlate excretion significantly increased in hyper-
oxaluric animals as compared to control and protected
in BDE-treated animals. EG increase oxalate production
by way of increase substrate availability that induce the
activity of oxalate synthesizing enzyme. Glycolic acid oxi-
dase (GAO) and lactate dehydrogenase (LDH) catalyses
the oxidation and reduction of glyoxalate results in forma-
tion of glycolate and oxalate (Soundararajan et al., 2006).
In a recent study, it was reported that pretreatment with
aqueous and ethanolic extracts of B. diffusa decreased
the activities of LDH (Olaleye et al., 2010). Probably, BDE
inhibits the oxalate synthesizing enzyme and prevent
the increased urinary excretion of oxalate. BDE-treated
animals showed increased urine volume with respect
to control and hyperoxaluric animals. Increase of palat-
ability due to sweetness of EG increased the water intake
in untreated rats followed by increased urine volume,
but it still remains significantly higher in BDE-treated
group. This is due to well-established diuretic activity of
B. diffusa (Gaitonde et al., 1974). Increased urine volume
decreases the saturation of the oxalate and prevents the
precipitation of the CaOx at physiological pH. Diuresis
also flushes out the renal system and helps in mechanical
expulsion of the stone. Diuretic action of the drug is due
to Punarnavine in conjunction with potassium nitrate
and other potassium salts (Chopra et al., 1923).

Various physiological inhibitors of urolithiasis found in
urine including inorganic (e.g. magnesium) and organic
(e.g. Glycosaminoglycans, citrate and other macromol-
ecule) substances were known to inhibit stone formation.
Organic inhibitory compounds adsorb to the surface of
the crystal, thereby inhibiting crystal nucleation, growth
and aggregation (Basavaraj et al., 2007). Macromolecule
of higher molecular weight of plant extract exhibits their
action similar to natural urinary inhibitors and inhibits
crystal aggregation and growth. It is reported that B. dif-
fusa has some macromolecular constituent (>20 KD)
which may be responsible for crystallization inhibitory
effect of plant (Awasthi & Verma, 2006). Decreased excre-
tion of COM crystal in BDE-treated animals (Figure 3C)
has several positive virtues. First, it shows that substances
from the plants excerpt their action directly or indirectly
on crystals morphology. Second, the apparition of more
COD than COM particles is advantageous since COM
crystals have high adhesion affinity to renal epithelial cells
when compared to COD particles (Atmani et al., 2009).

CaOx crystal agglomerate tends to retain in kidney by
trapping in renal tubules and develop into renal stones,
which damage the renal tissue and deteriorate the renal
function. Impairment of renal functions of untreated rats
is evident from the markers of glomerular and tubular
damage: raised BUN serum creatinine and reduced crea-
tinine clearance (Karadi et al., 2006). Renal dysfunction
diminishes the ability to filter urea and creatinine clear-
ance, so the BUN and creatinine level rises in blood (Cao

et al., 2003). The normalization of BUN and creatinine
clearance in BDE-treated animals as compared to hyper-
oxaluric animals shows that it protects the deterioration
of the renal function by minimizing tubular damage and
crystal deposition.

Further, we assessed the effect of oxalate exposure on
the rat kidneys by estimating oxidative stress markers.
Hyperoxaluric treatment caused extensive CaOx crystal
deposition in kidneys of untreated rats accompanied
by oxidative damage as reflected from increased levels
of markers of oxidative injury such as MDA and protein
carbonyl content and decreased activities of antioxidant
enzymes along with GSH level. MDA is a major end prod-
uct of lipid peroxidation in membrane fatty acids repre-
senting oxidative tissue damage caused by ROS resulting
in structural alteration of membrane with release of cell
and organelle contents, loss of essential fatty acids with
formation of cytosolic aldehyde and peroxide prod-
ucts (Kato et al.,, 2007). In the present investigation,
the level of MDA was found to be significantly elevated
with oxalate exposure in hyperoxaluric rats. Exposure to
oxalate generates toxic responses in renal epithelial cells,
including altered membrane surface properties, changes
in gene expression (NF-«B), disruption of mitochondrial
function and formation of ROS (Jonassen et al., 2005).
Mitochondria are a major site of ROS formation and
oxalate-induced activation of NADPH oxidase is another
source of ROS in renal cells. Animal model studies
have provided evidence for the hyperoxaluria-induced
activation of the renin-angiotensin system (RAS) and
angiotensin II; implicated in causing oxidative stress by
activating membrane associated NADPH oxidase, which
leads to the production of ROS (Antus et al., 2001; Khan,
2004, 2005). Reduction of angiotensin II production by
inhibiting ACE or blocking angiotensin receptors has
been shown to significantly reduce renal CaOx crystal
deposition as well as the development of interstitial
inflammation (Toblli et al., 2002).

It was reported that B. diffusa have ACE inhibitory
activity (Hansen et al., 1995). ROS also culminate in
phospholipase A, activation through transcription factor
NF-xB (Lappas et al., 2004), as NF-kB can be activated
by the stress of oxidants (Siebenlist et al., 1994) and
oxalate exposure promotes rapid degradation of IxBa, an
endogenous inhibitor of the NF-xB transcription factor
(Jonassen et al., 2005). The inhibition of the lipid per-
oxidation (decreased MDA level) after post-treatment of
BDE can be attributed to scavenging the ROS and indirect
inhibition of phospholipase A, through inactivation of
NF-kB. Eupalitin a important constituent of the B. diffusa
is accredited with NF-xB inactivation activity (Pandey
et al., 2005). Free radical scavenging enzymes such as
CAT, SOD and GPx are the cellular defense enzymes
against oxidative injury, decomposing superoxide and
peroxide before their interaction to form the more reac-
tive hydroxyl radical. Under oxidative stress conditions,
ROS are reduced by conjugation with GSH directly or by
means of GSH-related enzymes, which decrease GSH
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Figure 4. Histopathological examination of kidney slides of different treatment groups (Leica EZ-4D) at 10 x 10x magnification. (A) Control
rats showing normal renal architecture; (B) Kidney of untreated rats showing polymorphic irregular crystal deposits tubular damage (in
figure, black spots inside the rectangular box are crystal deposits); (C) BDE-treated (100 mg/kg) showed few crystal deposits and little
dilation of tubules; (D) BDE-treated (200 mg/kg) showed a very few or no crystal deposits and nearly normal renal architecture.

levels (Li et al., 2010). GST also plays a key role in cel-
lular detoxification by catalyzing the reaction of glutathi-
one with toxicants to form an S-substituted glutathione
(El-Demerdash et al., 2009).

Several in vivo and in vitro studies have demonstrated
that exposure to high level of oxalate results in greater
production of superoxide and peroxide free radicals,
leading to redox imbalance and have been manifested as
antioxidant depletion, peroxidation oflipid and oxidation
of protein (Hackett et al., 1995; Thamilselvan & Selvam
et al., 1997). Recent studies have provided evidence that
CaOx kidney stone patients excrete significantly higher
amounts of GST and MDA in their urine, indicating ROS
in kidneys of CaOx stone patients (Huang et al., 2003;
Puntel et al., 2007). The accumulation of these products
was concomitant with the decrease in the antioxidant
enzymes SOD, CAT, and GPx as well as GSH and protein
thiol. All the above parameters were reported to decrease
in hyperoxaluria induced urolithiasis (Rodrigo & Bosco,
2006; Puntel et al., 2007). Recent studies evidenced that
vitamin E therapy prevents CaOx deposition in the rat
kidney and reduced renal cell injury by restoring these
enzymes (Thamilselvan & Menon, 2005).

Similarly, antioxidant constituent (flavanoids) of B.
diffusa effectively scavenge the superoxide and peroxide
radicals and protect the renal cell from oxidative stress
induced injuries, which is evident from restoration of
SOD, CAT, GPx, GST and GSH level in BDE-treated ani-
mal as compared to hyperoxaluric animals.
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Table 3. Histopathological analysis of hyperoxaluria-induced
renal damage and crystal deposits.

Observational Treated (BDE Treated (BDE
parameter Control Untreated 100mg/kg) 200mg/kg)
Tubular - +++ + +
degeneration

Tubular - +++ + -
necrosis

Tubular - +++ ++ +
desquamation

Tubular - +++ + +
congestion

Glomerular - +++ ++ —
congestion

Glomerular - +++ ++ _
damage

Interstitial - 4+ _ _
edema

Crystal deposits - +++ ++ +
Gross damage Normal Severe Moderate Mild

to renal

architecture

Scores are based on average observations of renal damage
observed in minimum 6 different fields per slide.

+ mild, ++ moderate, +++ severe damage and — normal; Similarly
for crystal deposits, + rare, ++ few, +++ numerous and- nil.

Renal histopathology also supports the above results
as evident from CaOx crystal deposition, shrinkage of
glomeruli and tubular damage in kidneys of untreated
rats. Tissue injury, loss of membrane integrity and
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inflammation in kidney of these animals are due to
hyperoxaluria-induced lipid peroxidation and deple-
tion of antioxidant enzymes (Santhosh Kumar & Selvam,
2003; Thamilselvan & Menon, 2005; Itoh et al., 2005).
Renal epithelial injury promotes crystal retention, as epi-
thelial injury exposes a variety of crystal adhesion mol-
ecules on epithelial surfaces (Bijarnia et al., 2008). These
changes facilitate CaOx crystal adherence and retention
in renal tubules (Khan, 2005). However, treatment with
BDE (Figure 4C and 4D) inhibited crystal deposition and
ameliorates renal injury through free radical scavenging,
inhibition of lipid peroxidation and restoration of anti-
oxidant enzyme.

Conclusion

Results of this study demonstrate the ameliorating effect
of B. diffusa in hyperoxaluria-induced oxidative stress.
BDE potently scavenge the ROS, inhibit the lipid peroxi-
dation, restore the antioxidant enzyme activity, prevent
the CaOx crystal deposition and maintain the renal func-
tion. Thus, various phytoconstituents of B. diffusa syner-
gistically combats with hyperoxaluria-induced oxidative
stress and renal cell injury, possibly mediated through
antioxidant activity of plant.
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