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P. niruri has been reported to possess antidiabetic and kidney protective effects. In the present study, the phytochemical constituents
and in vitro antioxidant activity of P. niruri leaf aqueous extract were investigated together with its effect on oxidative stress and
antioxidant enzymes levels in diabetic rat kidney. Results. Treatment of diabetic male rats with P. niruri leaf aqueous extract (200
and 400mg/kg) for 28 consecutive days prevents the increase in the amount of lipid peroxidation (LPO) product, malondialdehyde
(MDA), and the diminution of superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) activity levels in the
kidney of diabetic rats.The amount of LPO showed strong negative correlation with SOD, CAT, andGPx activity levels. P. niruri leaf
aqueous extract exhibits in vitro antioxidant activity with IC

50
slightly lower than ascorbic acid. Phytochemical screening of plant

extract indicates the presence of polyphenols. Conclusion. P. niruri leaf extract protects the kidney from oxidative stress induced by
diabetes.

1. Introduction

Oxidative stress results from an imbalance between radical-
generating and radical-scavenging systems with increased
production of reactive oxygen species (ROS) or reduced
activity of antioxidant defences or both [1]. In oxidative
stress, oxidation of macromolecules such as proteins, lipids,
carbohydrates, and DNA is elevated. Hyperglycaemia has
been identified as a major cause for ROS generation [2].
Hyperglycaemia causes glucose autooxidation, protein gly-
cation, and advanced glycation end products (AGE) for-
mation which could lead to the development of diabetic
complications including retinopathy, neuropathy, andmacro-

and microvascular damage [3]. Oxidative stress has been
considered as a common pathogenetic factor for diabetic
nephropathy (DN), which is often associated with morpho-
logical changes of the kidney leading to end-stage renal
failure (ESRF) [4, 5].

Phyllanthus niruri which belongs to the Euphorbiaceae
family is also known as kidney stone crusher [6]. Tra-
ditionally, P. niruri is used to treat problems related to
the gastrointestinal and genitourinary tracts [7]. There are
reports which indicate that P. niruri can block calciumoxalate
crystals [8] and stone formation in the kidney, ureter, and
urinary bladder [9].P. niruriwas also reported to display anti-
carcinogenic [10], hypolipidemic [11], hepatoprotective [12],
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anti-inflammatory [13], and antiplasmodial [14] effects as well
as an effective treatment for hemorrhagic cystitis [15]. Recent
studies have also revealed antidiabetic [16] and antioxidant
properties of this herbal extract [9] both in vivo and in vitro.

In the present study, we hypothesized that P. niruri
helps to prevent oxidative stress in the kidney of diabetics.
Our study therefore investigated this plant effect on oxida-
tive stress parameters, that is, activity levels of antioxidant
enzymes (SOD, CAT, and GPx) and the amount of LPO
product in the kidney of diabetic rats. In addition, in vitro
antioxidant activity and phytochemical constituent of this
plant extract were also investigated.

2. Material and Methods

2.1. Chemicals. DPPH (1,1-diphenyl,2-picrylhydrazyl), NBT
(nitro blue tetrazolium), NADH (nicotinamide adenine
dinucleotide phosphate reduced), PMS (phenazine metho-
sulphate), ferrous chloride (FeCl

2
), streptozotocin, gliben-

clamide, epinephrine, thiobarbituric acid (TBA), reduced
glutathione (GSH), and 5-5󸀠-dithiobis(2-nitrobenzoic acid)
(DTNB) were purchased from Sigma-Aldrich Co. (St Louis,
Mo, USA). All other chemicals were of analytical grade.

2.2. Collection and Preparation of PlantMaterial. Fresh leaves
of P. niruriwere collected from Tirupati and authenticated by
Dr. K. Madhava Chetty, Botanist, Sri Venkateswara Univer-
sity, Tirupati, India.The plant was deposited in Herbarium of
Department of Botany, Sri VenkateswaraUniversity, Tirupati,
India, with the number: 856201. The leaves of P. niruri were
air-dried at room temperature and ground into powder.
About 800 g of the powdered leaves was extracted in 1 L
of cold sterile distilled water maintained on a mechani-
cal shaker. The aqueous extract was filtrated with No. 1
Whatman Millipore filter paper (0.45 𝜇m Ref. HAWP04700,
Bedford, MA, USA) and concentrated to dryness with a
rotary evaporator (Rotavapor, R-210, Buchi Laborotechnik,
AG, Flawil, Switzerland) at 50± 5C and lyophilized. A yielded
freeze-driedmaterial of approximately 36 gwas obtained.The
freeze-dried sample was stored in a cool dry place until ready
for use.

2.3. Phytochemical Screening of P. niruri Leaves. The phy-
tochemical components of P. niruri leaves were screened
using standard method described by Harborne [17]. The leaf
extract was screened for alkaloids, flavonoids, saponins, tan-
nins, steroids, lignins, glycosides, terpenoids, polyphenols,
coumarins, and resins. The colour intensity of the precipitate
formed was used as analytical responses to these tests.

2.4. In Vitro Antioxidant Activities. Few different assays were
performed to determine the antioxidative power of P. niruri
leaf aqueous extract (20–300 𝜇g/mL) as described below. In
each of these assays, ascorbic acid (20–300𝜇g/mL) was used
as a reference substrate. The ability of the extract to scavenge

or inhibit free radicals was expressed as percentage inhibition
and was calculated using the following formula:

% of inhibition =
(𝐴
0
− 𝐴
𝑡
)

𝐴
0

× 100, (1)

where 𝐴
0
is absorbance of the control group (without plant

extract) and 𝐴
𝑡
is absorbance of P. niruri leaf extract. All

determinations were carried out in triplicate.

2.4.1. DPPH Radical Scavenging Activity. DPPH radical
scavenging activity of P. niruri leaf aqueous extract was
determined according to the method by Katalinic et al.
[18]. In brief, 0.5mL of 0.1mM DPPH solution was pre-
pared in methanol just before use. 1.0mL of P. niruri
leaf aqueous extract was added at different concentrations
(20–300𝜇g/mL) to DPPH solution. Double distilled H

2
O

was used in the control group instead of samples, with the
same procedures applied. The ability of the substrate to
reduce the stable radical DPPH from deep purple to yellow-
coloured diphenylpicrylhydrazine indicates its antioxidative
potential. The mixture was shaken vigorously and left to
stand for 30min in the dark, and absorbance was measured
at 517 nm using a spectrophotometer (UV-1700, Shimadzu,
Kyoto, Japan). Lower absorbance at 517 nm represents higher
DPPH scavenging activity.

2.4.2. Superoxide Radical Scavenging Activity. Measurement
of superoxide radical scavenging activity of P. niruri leaf
extract followed the method by Xiang and Ning [19]. In
brief, superoxide anions were generated in nonenzymatic
phenazine methosulfate-nicotinamide adenine dinucleotide
(PMS-NADH) system through the reaction of PMS, NADH,
and oxygen. It was assayed by the reduction of NBT in the
presence of different concentrations (20–300𝜇g/mL) of the
extract. The reaction was initiated by adding 0.75mL of PMS
(120 𝜇M) to the mixture. The absorbance was measured at
560 nm by using a spectrophotometer (UV-1700, Shimadzu,
Kyoto, Japan) following 5-minute incubation at room temper-
ature.

2.4.3. Hydroxyl Radical Scavenging Activity. The hydroxyl
radical scavenging activity of P. niruri leaf extract was mea-
sured according to a modified method by Eswar Kumar et al.
[20]. The reaction mixture contained 60 𝜇L of 1.0mM FeCl

2
,

90 𝜇L of 1mM 1,10-phenanthroline, 2.4mL of 0.2M phos-
phate buffer (pH 7.8), 150𝜇L of 0.17M hydrogen peroxide
(H
2
O
2
), and 1.5mL of different concentrations of the extract

(20–300𝜇g/mL). H
2
O
2
was added at the start of the reaction.

After incubation at room temperature for 5min, absorbance
of the mixture was measured by using a spectrophotometer
(UV-1700, Shimadzu, Kyoto, Japan) at 560 nm.

2.4.4. Hydrogen Peroxide Scavenging Activity. The ability of P.
niruri leaf extract to scavenge hydrogen peroxide was deter-
mined according to themethod by Ruch et al. [21]. A solution
of hydrogen peroxide (40mM) was prepared in phosphate
buffer (pH 7.4). P. niruri leaf extract at different concen-
trations (20–300𝜇g/mL) was added to hydrogen peroxide
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solution (0.6mL and 40mM). Absorbance of the mixture
was determined after 10 minutes against a blank solution
containing phosphate buffer by using a spectrophotometer
(UV-1700, Shimadzu, Kyoto, Japan) at 230 nm.

2.5. Experimental Animals. Adult male Wistar rats weighing
180–210 g were obtained from Animal House, Faculty of
Medicine, University of Malaya, Kuala Lumpur, Malaysia.
Five to six animals were housed together under a standard
environmental condition of temperature 25 ± 2∘C, rela-
tive humidity between 45 and 55%, and 12 hr light/dark
cycle. Rats had free access to standard food pellet (Harlan
diet, UK) and water ad libitum. The experimental protocol
was in accordance with ARRIVE guidelines (Animals in
Research: Reporting In Vivo Experiments) and European
Community Guidelines (EEC Directive, 1986). This study
was approved by the Faculty of Medicine, Animal Care and
Use Committee, University of Malaya, with ethics number:
2013-07-15/FIS/R/NS. Acute toxicity study was conducted
according to the Organization for Economic Cooperation
and Development (OECD) revised up-and-down procedure
for acute toxicity testing (OECD guideline 425) [22]. No signs
of acute toxicity were observed in the tested animals.

2.6. Induction of Diabetes. Diabetes mellitus was artificially
induced in overnight-fasted rats by a single intraperitoneal
injection of STZ (55mg/kg bw) dissolved in 0.1M cold citrate
buffer (pH 4.5) [23]. Rats were allowed to drink 5% glucose
solution overnight to overcome drug-induced hypoglycemia.
STZ was reported to selectively destroy the pancreatic 𝛽 cells
[23]. Diabetes was confirmed by the presence of polyuria,
polydipsia, andweight loss and only animals exhibiting blood
glucose levels above 300mg/dL on the third day following
STZ injection were considered as diabetics. Treatment was
started three days after STZ injection which was considered
to be day one. P. niruri leaf aqueous extract was administered
orally by using a gavage tube daily for 28 consecutive days.
The extract was administered in the form of suspension in
1% sodium carboxymethyl cellulose (Na-CMC) dissolved in
distilled water.

2.7. Experimental Design. Animals were randomly divided
into five groups with six rats in each group:

Group 1: normal and nondiabetic: received 1% Na-
CMC vehicle only;

Group 2: diabetic: received 1% Na-CMC vehicle only;

Groups 3 and 4: diabetic: treated with P. niruri leaf
aqueous extract at 200mg/kg [24] and 400mg/kg [25]
body weight, respectively;

Group 5: diabetic: treated with standard antidiabetic
agent, glibenclamide at 600 𝜇g/kg body weight.

2.8. Collection of Tissue Samples. After 28-day treatment,
rats were fasted overnight prior to sacrifice. Intraperitoneal
injection of pentobarbitone sodium anesthesia (60mg/kg)

was given prior to cervical dislocation. Kidneyswere immedi-
ately harvested and washed with ice-cold saline, immersed in
liquid nitrogen, and stored at −80∘C for biochemical analysis.

2.9. Preparation of Kidney Cytosolic Fraction. Kidney was
weighed and 10% of tissue homogenate was prepared in phos-
phate buffer (0.1m, pH 7.4) using a glass-Teflon homogenizer
(Heidolph Silent Crusher M, Germany). Homogenates were
then centrifuged for 10min, 500 g at 4∘C. Supernatant was
collected and recentrifuged at 2000 g for 10min. Supernatant
was again collected and recentrifuged at 12000 g for 10min
at 4∘C and pellet was resuspended in 200mM mannitol,
50mM sucrose, and 10mmol/L Hepes-KOH (pH 7.4). The
final supernatant was taken and centrifuged for 1 h at 40000 g
[26]. The cytosolic fraction was frozen at −80∘C until further
used.

2.10. Estimation of LPO Product. LPO was estimated by
thiobarbituric acid (TBA) reaction with malondialdehyde
(MDA), where the latter was a product formed from mem-
brane lipid peroxidation [27]. In brief, 2.5mL homogenate,
0.5mL of 0.9% NaCl, and 1.0mL 20% w/v TCA were added
into the mixture. The mixture was then centrifuged for 20
minutes at 4000×g at 4∘C. 0.25mL TBA reagent was added
to 1.0mL supernatant and the mixture was incubated at 95∘C
for 1 hr and cooled under running tap water prior to addition
of 1mL 𝑛-butanol. After a thorough mixing, the mixture was
centrifuged for 15 minutes at 4000×g at 4∘C. The organic
layer was transferred into a clear tube and absorbance was
measured at 532 nm with a spectrophotometer (UV-1700,
Shimadzu, Kyoto, Japan). The rate of lipid peroxidation was
expressed as 𝜇moles of MDA formed/gramwet weight of the
tissue.

2.11. Estimation of SOD Activity. SOD activity was assayed
according to the method by Misra and Fridovich [28]. The
assay procedure involves inhibition of epinephrine autoox-
idation to adrenochrome in an alkaline medium (pH 10.2),
which was markedly inhibited in the presence of SOD. 1.5mL
carbonate buffer (0.05M, pH 10.2) and 0.5mL ethylenedi-
aminetetraacetic acid (EDTA) (0.49M) were added to 0.5mL
supernatant. The reaction was initiated by the addition of
0.4mL epinephrine (3mM). Changes in absorbance were
recorded at 480 nm for one min at 15 sec interval, 3min each,
by using a spectrophotometer (UV-1700, Shimadzu, Kyoto,
Japan). SOD activity levels were expressed as the amount of
enzyme that inhibits oxidation of epinephrine by 50%, which
was equal to 1 U per milligram of protein.

2.12. Estimation of CAT Activity. CAT enzyme activity was
determined on the basis of hydrogen peroxide decomposition
[29]. The reaction solution contained 2.5mL of 50mmol
phosphate buffer (pH 5.0) and 0.4mL of 5.9mmol H

2
O
2
.

The reaction was initiated by adding 0.1mL enzyme extract.
Changes in the absorbance of the reaction solutionweremon-
itored every 30s and was read by using a spectrophotometer
(UV-1700, Shimadzu, Kyoto, Japan) at 240 nm. The enzyme
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Figure 1: In vitro antioxidant assay of P. niruri leaf aqueous extract. The graphs show (a) DPPH radical, (b) superoxide radical, (c) hydroxyl
radical, and (d) hydrogen peroxide scavenging activities of P. niruri leaf extract and ascorbic acid. Results represent means of triplicates of
each concentration. For each assay, the IC

50
for P. niruri leaf extract was slightly less than ascorbic acid.

activity levels were expressed as 𝜇mol of hydrogen peroxide
(H
2
O
2
) metabolized/mg protein/min.

2.13. Estimation of GPx Activity. GPx activity was measured
according to the method by Rotruck et al. [30]. The reaction
mixture consists of 0.2mL, 0.8mM EDTA; 0.1mL, 10mM
sodium azide; 0.1mL, 2.5mM H

2
O
2
; 0.2mL GSH; 0.4mL,

0.4mM phosphate buffer (pH 7.0); and 0.2mL homogenate
which were incubated at 37∘C for 10 minutes. The reaction
was arrested by the addition of 0.5mL of 10% TCA and
was centrifuged at 2000 rpm. 3.0mL of 0.3M disodium
hydrogen phosphate and 1.0mL of DTNB were added to the
supernatant and the colour changes were read immediately
by using a spectrophotometer (UV-1700, Shimadzu, Kyoto,
Japan) at 420 nm. GPx activity levels were expressed as 𝜇Mol
of GSH consumed/mg protein/min.

2.14. Statistical Analysis. Statistical differences were evalu-
ated by analysis of variance (ANOVA) followed by Student’s

t-test. 𝑃 value < 0.05 was considered to be significant. Post
hoc statistical power analysis was performed and all values
obtained were >0.8 which indicate adequate sample size.
Shapiro-Wilk test results were >0.05 which indicate data
normality.

3. Results

3.1. Phytochemical Screening. Preliminary phytochemical
screening showed the presence of alkaloids, flavonoids,
saponins, tannins, lignins, terpenoids, polyphenols, and
coumarins; however, steroids, glycosides, and resins were not
detected in the leaf extract of P. niruri (data not shown).

3.2. In Vitro Antioxidant Activities

3.2.1. DPPH Radical Scavenging Activity. DPPH radical scav-
enging activity of aqueous leaf extract of P. niruri is pre-
sented in Figure 1(a). Our findings indicate that 20𝜇g/mL of
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Figure 2: Estimation of LPO product, MDA, in the kidney in
different experimental groups. Higher MDA levels were noted in
diabetic rats as compared to normal, nondiabetic control rats.
Administration of P. niruri leaf extract resulted in decreased MDA
levels in the kidney in diabetes. 200P: 200mg/kg/day P. niruri
leaf extract; 400P: 400mg/kg/day P. niruri leaf extract; 600G:
600 𝜇g/kg/day glibenclamide. 𝑛 = 6 per treatment group, ∗𝑃 < 0.05
as compared to normal, nondiabetic control rats, and †𝑃 < 0.05 as
compared to nontreated diabetic rats.

the leaf extract and ascorbic acid conferred 31.66% and
43.89% inhibition on DPPH radicals, respectively. The IC

50

for P. niruri leaf extract and ascorbic acid was 90.86 𝜇g/mL
and 25.31𝜇g/mL, respectively. The IC

50
of the leaf aqueous

extract was 3.58 times lower than ascorbic acid. The extract
exhibits gradual dose-dependent increase on DPPH inhibi-
tion.

3.2.2. Hydroxyl Radical Scavenging Activity. Hydroxyl radical
scavenging activity of aqueous leaf extract of P. niruri is pre-
sented in Figure 1(b). At 20𝜇g/mL, the aqueous leaf extract
and ascorbic acid inhibit hydroxyl radical by 23.66% and
36.56%, respectively. P. niruri leaf aqueous extract displays a
dose-dependent inhibition on hydroxyl radicals with IC

50
of

100.6 𝜇g/mL.The IC
50
for ascorbic acid was 47.44 𝜇g/mL.The

IC
50
of P. niruri leaf was 2.12 times lower than ascorbic acid.

3.2.3. Superoxide Radical Scavenging Activity. Figure 1(c)
shows dose-dependent scavenging activity of P. niruri leaf
aqueous extract and ascorbic acid on superoxide radical. At
20𝜇g/mL, the percentage inhibition of P. niruri leaf aqueous
extract and ascorbic acid was 28.46% and 38.67%, respec-
tively. The IC

50
for P. niruri leaf extract was 94.34 𝜇g/mL,

while ascorbic acid was 42.64 𝜇g/mL.The IC
50
of P. niruri leaf

extract was 2.21-fold lower than ascorbic acid.

3.2.4. Hydrogen Peroxide Scavenging Activity. The ability of
P. niruri leaf aqueous extract and ascorbic acid to scavenge
hydrogen peroxide free radical is shown in Figure 1(d). H

2
O
2

inhibition by P. niruri leaf extract and ascorbic acid at
20𝜇g/mL was 22.54% and 37.57%, respectively. The IC

50
for

P. niruri leaf extract and ascorbic acid was 132.57 𝜇g/mL and
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Figure 3: SOD activity levels in the kidney in different experi-
mental groups. SOD activity levels were reduced in diabetic rats
as compared to normal, nondiabetic rats. Administration of P.
niruri leaf extract at 200 or 400mg/kg/day and glibenclamide
resulted in higher SOD activity in the kidney as compared to
nontreated diabetic rats. 200P: 200mg/kg/day P. niruri leaf extract;
400P: 400mg/kg/day P. niruri leaf extract; 600G: 600 𝜇g/kg/day
glibenclamide. 𝑛 = 6 per treatment group, ∗𝑃 < 0.05 as compared
to normal, nondiabetic control rats, and †𝑃 < 0.05 as compared to
nontreated diabetic rats.

50.81 𝜇g/mL, respectively. The IC
50

of P. niruri leaf aqueous
extract was 2.61-fold lower than ascorbic acid.

3.3. Effect of P. niruri Leaf Aqueous Extract onRenalMDALev-
els. The levels of renal LPO product,MDA, were significantly
higher in nontreated diabetic rats (144.49%) as compared
to normal, nondiabetic rats (Figure 2). Administration of
200mg/kg P. niruri leaf extract to diabetic rats caused the
levels of MDA to decrease by 28.87% as compared to the
nontreated diabetic rats. Meanwhile, the levels of MDA
were 46.2% lower in diabetic rats treated with 400mg/kg P.
niruri leaf aqueous extract as compared to the nontreated
diabetic rats (Figure 2). In glibenclamide-treated diabetic
rats, the levels ofMDAwere 39.35% lower than the nontreated
diabetic rats. 400mg/kg P. niruni leaf extract was 0.88-fold
less potent than glibenclamide in preventing the increase in
LPO product in the kidney of diabetic rats (Figure 2).

3.4. Effect of P. niruri Leaf Aqueous Extract on Renal SOD Lev-
els. Figure 3 shows the effect of P. niruri leaf aqueous extract
and glibenclamide on SOD activity levels in diabetic rat
kidney. In the nontreated diabetic rats, SOD activity level was
50.57% lower than normal, nondiabetic rats. However, renal
SOD activity level was 43.02% higher in diabetic rats treated
with 200mg/kg P. niruri leaf extract as compared to the
nontreated diabetic rats. Following treatmentwith 400mg/kg
P. niruri leaf extract, the SOD activity levels were 79.93%
higher than the nontreated diabetic rats. Glibenclamide-
treated diabetic rats have 84.88% higher renal SOD activity
level as compared to the nontreated diabetic rats. Treatment
with 400mg/kg P. niruri leaf aqueous extract was less potent
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Figure 4: CAT activity levels in the kidney in different experi-
mental groups. Administration of P. niruri leaf extract at 200 and
400mg/kg/day or glibenclamide to diabetic rats prevented decrease
in CAT activity in the kidney in diabetes. 200P: 200mg/kg/day P.
niruri leaf extract; 400P: 400mg/kg/day P. niruri leaf extract; 600G:
600 𝜇g/kg/day glibenclamide. 𝑛 = 6 per treatment group, ∗𝑃 < 0.05
as compared to normal, nondiabetic control rats, and †𝑃 < 0.05 as
compared to nontreated diabetic rats.

than glibenclamide in preventing the decrease in SOD activ-
ity levels in diabetic rat kidney.

3.5. Effect of P. niruri Leaf Aqueous Extract on Renal CAT
Levels. The activity levels of CAT in the kidney of normal,
STZ-induced diabetic rats and diabetic rats which received
P. niruri leaf aqueous extract or glibenclamide are presented
in Figure 4. Our findings indicate that CAT activity levels
were 57.35% lower in STZ-induced diabetic rat kidney as
compared to normal, nondiabetic rats. 28-day treatment
with 200mg/kg/day P. niruri leaf aqueous extract resulted
in higher CAT activity level (82.75%) as compared to the
nontreated diabetic rats. Treatment with 400mg/kg/day P.
niruri leaf aqueous extract resulted in 100% higher CAT
activity levels as compared to the nontreated diabetic rats.
Meanwhile, glibenclamide treatment resulted in 96.55%
higher CAT activity levels as compared to the nontreated
diabetic rats. No significant difference in CAT activity levels
was noted between treatment with 400mg/kg/day P. niruri
leaf extract and glibenclamide.

3.6. Effect of P. niruri Leaf Aqueous Extract on Renal GPx
Levels. Figure 5 shows the effect of P. niruri leaf aqueous
extract or glibenclamide on renal GPx levels in diabetic rats.
Our findings indicate that GPx activity levels were lower in
diabetic rats (29.1%) as compared to normal, nondiabetic rats.
Treatment with 200mg/kg/day and 400mg/kg/day aqueous
leaf extract of P. niruri resulted in a significantly higher GPx
activity levels (18.94% and 35.78%, resp.) as compared to the
nontreated diabetic rats. Glibenclamide treatment resulted in
32.63% higher GPx activity levels in diabetic rats as compared
to the nontreated diabetic rats. No significant difference in
GPx activity levels was noted between treatmentwithP. niruri
leaf aqueous extract and glibenclamide.

3.7. Correlation between Levels of MDA and Antioxidant
Enzymes in the Kidney. Negative correlations were observed
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Figure 5: GPx activity levels in the kidney in different experi-
mental groups. Administration of P. niruri leaf extract at 200 and
400mg/kg/day or glibenclamide prevented deterioration of GPx
activity levels in the kidney in diabetes. 200P: 200mg/kg/day P.
niruri leaf extract; 400P: 400mg/kg/day P. niruri leaf extract; 600G:
600 𝜇g/kg/day glibenclamide. 𝑛 = 6 per treatment group, ∗𝑃 < 0.05
as compared to normal, nondiabetic control rats, and †𝑃 < 0.05 as
compared to nontreated diabetic rats.

between the levels of kidney LPO products as reflected
by MDA amount (Figures 6(a), 6(b), and 6(c)) and
SOD, CAT, and GPx activity levels. A strong negative
correlation was observed between renal MDA content and
SOD activity levels (𝑟 = −0.9675, 𝑃 = 0.007), MDA
content and CAT activity levels (𝑟 = −0.9856, 𝑃 =
0.0021), and renal MDA content and GPx activity
levels (Figure 6(c)), with correlation coefficient =
−0.9872,𝑃 = 0.0017.

4. Discussion

Hyperglycaemia increases the production of free radicals and
decreases the tissue antioxidative capacity in diabetes. These
imbalances lead to tissue oxidative stress. The tissue antiox-
idative potential needs to be raised in order to overcome
oxidative damage. The kidney is involved in maintaining
body homeostasis as well as regulating electrolytes and acid-
based balances and blood pressure. Diabetes-related kidney
oxidative stress was reported to cause glomerular hypertro-
phy, basement membrane thickening, mesangial expansion,
tubular atrophy, interstitial fibrosis, and arteriolar thickening
[31]. A number of medicinal plants have been reported
to possess antioxidative capacity which could help reduce
free radical formation and promote endogenous antioxidant
enzyme activity in the kidney [18]. One of the plants which
has been reported to display kidney protective effect is P.
niruri. The aqueous extract of P. niruri has been shown to
reduce the crystals aggregation in rat urine which could help
to inhibit the formation of urinary stones [8]. In the present
study, aqueous leaf extract of P. niruriwas found to display in
vitro free radical scavenging activity, reduce endogenous LPO
product formation, and increase activity levels of endogenous
antioxidant enzymes in the kidney, which makes this herb a
potential treatment for diabetic nephropathy.
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Figure 6: (a–c) Correlation between MDA and activity levels of SOD, CAT, and GPx in the kidney. Strong negative correlations were noted
between the levels of MDA and activity of antioxidant enzymes indicating that the extent of tissue damage due to oxidative stress was directly
related to the levels of endogenous antioxidant enzymes.

We have shown that the aqueous leaf extract of P. niruri
displays in vitro antioxidant activity from the dose-dependent
inhibition on DPPH, superoxide and hydroxyl radicals for-
mation. Additionally, this extract also possesses hydrogen
peroxide scavenging activity. Together with superoxide inhi-
bition, P. niruri leaf aqueous extract could inhibit formation
of peroxides and breaks autooxidative chain reaction. Our
findings were consistent with the previous reports on in vitro
radical scavenging activity ofP. niruri [32, 33].The free radical
scavenging activity of this herb could be due to the presence
of various bioactive compounds such as alkaloids, flavonoids,
coumarins, and polyphenols which were reported to possess
antioxidant capabilities [34].

Many studies have shown that hyperglycaemia was
able to increase tissue oxidative stress via activating the
polyol pathway, nonenzymatic protein glycosylation, and
autooxidation of glucose leading to increased production
of reactive oxygen species (ROS) which include superoxide
radical (O2∙−), hydrogen peroxide (H

2
O
2
), and hydroxyl

radical (OH∙). Additionally, hyperglycemia could also reduce
antioxidant defence systems of the body [35, 36]. Exper-
imentally induced diabetic rats were known to have high
levels of tissue oxidative stress as characterized by high
amount of LPO products, MDA, which indirectly reflects
intensified free radical production [37]. The end product of
lipid peroxidation was found to cause damage to the proteins,

lipids, and DNAs [38]. In the present study, MDA levels
in diabetic rat kidneys were higher than nondiabetic rats.
Recently, Naik et al. [39] and others [40, 41] have reported
that tissue oxidative damage as reflected by high amount of
lipid peroxidation products occurs in the kidney of diabetic
rats. Our findings which indicate a significantly lower LPO
product accumulation in the kidney of diabetic rats following
P. niruri leaf aqueous extract treatment provide evidence
that consumption of this extract could prevent elevation of
oxidative stress in the kidney in diabetes. Other Phyllanthus
species such as Phyllanthus amarus have been reported to
protect the kidney against the increase in LPO product in
diabetes [42].

The physiological levels of antioxidant enzymes such as
SOD, CAT, and GPx are important to reduce the forma-
tion of H

2
O
2
by dismutating oxygen radicals, eliminating

organic peroxides, and reducing hydroperoxides generations
in hyperglycaemic condition [43]. SOD is involved in scav-
enging superoxide radicals (O2∙−) and therefore prevents its
conversion into H

2
O
2
and molecular oxygen [35]. In our

study, SOD activity levels were reduced in diabetic rat kidney
which could be due to oxidative inactivation by H

2
O
2
or

glycosylation [44]. Fujita et al. [45] reported that downreg-
ulation of renal CuZn-SOD (SOD1) and CuZn-SOD (SOD3)
activities could result in diabetic nephropathy. Kitada et al.
[46] reported that resveratrol, a plant bioactive compound,
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prevents nephropathy development by preventing Mn-SOD
dysfunction in the kidney of diabeticmice. In view of this, the
effect of the leaf extract of P. niruri in maintaining renal SOD
activity levels near normal could help to preserve the kidney
function and prevent nephropathy development in diabetes.
Our previous study has shown that the aqueous leaf extract
of P. niruri prevents the decrease in SOD activity in cardiac
tissue following doxorubicin-induced myocardial toxicity in
rats [47].

CAT and GPx are involved in the elimination of H
2
O
2

[48]. CAT was regarded as a major renal antioxidant which
helps to reduce H

2
O
2
and protects the tissues from highly

reactive hydroxyl radicals [49]. In our study, decreased CAT
activity in the kidney was observed in diabetic rats. Hwang
et al. [50] reported that CAT deficiency could accelerate
kidney injury in diabetes through peroxisomal dysfunction.
Administration of P. niruri leaf aqueous extract to diabetic
rats could prevent the decrease in renal CAT activity most
probably via preventing dysfunction of CAT enzyme by free
radicals. GPx, a selenium containing enzyme, plays a role
in minimizing tissue oxidative damage [41]. Reduced GPx
activity in diabetes could be due to inactivation by free
radicals [51]. In our study,GPx activity levels weremaintained
near normal in diabetic rat kidneys following P. niruri leaf
aqueous extract treatment which suggest that this herb
protects this tissue against oxidative damage by preventing
enzyme dysfunction. A strong negative correlation between
LPO and SOD andCAT andGPx activity levels indicated that
kidney oxidative damage was dependent on activity levels
of these enzymes. Additionally, the decreased levels of LPO
product following P. niruri leaf aqueous extract treatment
could also be due to reduced level of free radicals as observed
from in vitro radical scavenging effect of the leaf extract.

In conclusion, this study has provided scientific evidence,
whereby administration of P. niruri leaf aqueous extract to
diabetic rats could reduce oxidative stress in the kidney
via preventing the decrease in activity levels of endogenous
antioxidant enzymes. Our findings therefore support the
claims that this herb is beneficial in treating kidney disease
due to diabetes.

Conflict of Interests

The authors reported no conflict of interests regarding the
publication of the paper.

Acknowledgment

This study was funded by UMRG Research Grant (RG404/
12HTM) and UMRG Internationalization Grant (RP011-
13HTM), University of Malaya, Kuala Lumpur, Malaysia.

References

[1] A. C. Maritim, R. A. Sanders, and J. B. Watkins III, “Diabetes,
oxidative stress, and antioxidants: a review,” Journal of Biochem-
ical and Molecular Toxicology, vol. 17, no. 1, pp. 24–38, 2003.

[2] J. M. Forbes, M. T. Coughlan, and M. E. Cooper, “Oxidative
stress as a major culprit in kidney disease in diabetes,”Diabetes,
vol. 57, no. 6, pp. 1446–1454, 2008.

[3] M. Jack and D. Wright, “Role of advanced glycation endprod-
ucts and glyoxalase i in diabetic peripheral sensory neuropathy,”
Translational Research, vol. 159, no. 5, pp. 355–365, 2012.

[4] N. Kashihara, Y. Haruna, V. K. Kondeti, and Y. S. Kanwar,
“Oxidative stress in diabetic nephropathy,” Current Medicinal
Chemistry, vol. 17, no. 34, pp. 4256–4269, 2010.

[5] R.Vadivelan, Y.Haruna,V.K.Kondeti, andY.S. Kanwar, “Oxida-
tive stress induced diabetic nephropathy,” Research Journal of
Pharmacology and Pharmacodynamics, vol. 2, no. 5, pp. 321–323,
2010.

[6] S. Micali, M. C. Sighinolfi, A. Celia et al., “Can Phyllan-
thus niruri affect the efficacy of extracorporeal shock wave
lithotripsy for renal stones? A randomized, prospective, long-
term study,”The Journal of Urology, vol. 176, no. 3, pp. 1020–1022,
2006.

[7] R. Karuna, S. Reddy, R. Baskar, and D. Saralakumari, “Antioxi-
dant potential of aqueous extract of Phyllanthus amarus in rats,”
Indian Journal of Pharmacology, vol. 41, no. 2, pp. 64–67, 2009.

[8] A. M. Freitas, N. Schor, and M. A. Boim, “The effect of
Phyllanthus niruri on urinary inhibitors of calcium oxalate
crystallization and other factors associated with renal stone
formation,” BJU International, vol. 89, no. 9, pp. 829–834, 2002.

[9] E. Colpo, C. D. D. A. Vilanova, R. P. Pereiraa et al., “Antioxidant
effects of Phyllanthus niruri tea on healthy subjects,” Asian
Pacific Journal of Tropical Medicine, vol. 7, no. 2, pp. 113–118,
2014.

[10] N. V. Rajeshkumar, K. L. Joy, G. Kuttan, R. S. Ramsewak, M. G.
Nair, and R. Kuttan, “Antitumour and anticarcinogenic activity
of Phyllanthus amarus extract,” Journal of Ethnopharmacology,
vol. 81, no. 1, pp. 17–22, 2002.

[11] A. K. Khanna, F. Rizvi, and R. Chander, “Lipid lowering
activity of Phyllanthus niruri in hyperlipemic rats,” Journal of
Ethnopharmacology, vol. 82, no. 1, pp. 19–22, 2002.

[12] Z. A. Amin, M. A. Alshawsh, M. Kassim, H. M. Ali, and
M. A. Abdulla, “Gene expression profiling reveals underlying
molecular mechanism of hepatoprotective effect of Phyllanthus
niruri on thioacetamide-induced hepatotoxicity in Sprague
Dawley rats,” BMC Complementary and Alternative Medicine,
vol. 13, no. 1, article 160, 2013.

[13] I. C. Obidike, O. A. Salawu, M. Ndukuba, C. O. Okoli, and
U. A. Osunkwo, “The anti-inflammatory and antinociceptive
properties of the chloroform fraction from Phyllanthus niruri
plant is mediated via the peripheral nervous system,” Journal of
Dietary Supplements, vol. 7, no. 4, pp. 341–350, 2010.

[14] O. Ifeoma, O. Samuelc, A. M. Itohand et al., “Isolation, frac-
tionation and evaluation of the antiplasmodial properties of
Phyllanthus niruri resident in its chloroform fraction,” Asian
Pacific Journal of Tropical Medicine, vol. 6, no. 3, pp. 169–175,
2013.

[15] V. T. Boeira, C. E. Leite, A. A. Santos Jr. et al., “Effects of the
hydroalcoholic extract of Phyllanthus niruri and its isolated
compounds on cyclophosphamide-induced hemorrhagic cysti-
tis inmouse,”Naunyn-Schmiedeberg’s Archives of Pharmacology,
vol. 384, no. 3, pp. 265–275, 2011.

[16] C. O. Okoli, I. C. Obidike, A. C. Ezike, P. A. Akah, and O. A.
Salawu, “Studies on the possible mechanisms of antidiabetic
activity of extract of aerial parts of Phyllanthus niruri,” Pharma-
ceutical Biology, vol. 49, no. 3, pp. 248–255, 2011.

[17] J. B. Harborne, Phytochemical Methods: A Guide to Modern
Techniques of Plant Analysis, Chapman & Hall, New York, NY,
USA, 1973, Distributed in the USA by Halsted Press, a Division
of John Wiley & Sons.



Evidence-Based Complementary and Alternative Medicine 9

[18] V. Katalinic, M. Milos, T. Kulisic, and M. Jukic, “Screening of
70 medicinal plant extracts for antioxidant capacity and total
phenols,” Food Chemistry, vol. 94, no. 4, pp. 550–557, 2006.

[19] Z. Xiang and Z. Ning, “Scavenging and antioxidant properties
of compound derived from chlorogenic acid in South-China
honeysuckle,” LWT—Food Science and Technology, vol. 41, no.
7, pp. 1189–1203, 2008.

[20] K. Eswar Kumar, K. N. Harsha, V. Sudheer, andN. Giribabu, “In
vitro antioxidant activity and in vivo hepatoprotective activity
of aqueous extract of Allium cepa bulb in ethanol induced liver
damage in Wistar rats,” Food Science and Human Wellness, vol.
2, no. 3-4, pp. 132–138, 2013.

[21] R. J. Ruch, S.-J. Cheng, and J. E. Klaunig, “Prevention of
cytotoxicity and inhibition of intercellular communication by
antioxidant catechins isolated fromChinese green tea,”Carcino-
genesis, vol. 10, no. 6, pp. 1003–1008, 1989.

[22] OECD, “Organisation for economic and cultural development,”
in Guidelines for Testing Chemicals, Acute Oral Toxicit up and
down Procedure, vol. 425, pp. 1–26, 2001.

[23] G. B. Nelli, K. Anand Solomon, and E. K. Kilari, “Antidiabetic
effect of alpha-mangostin and its protective role in sexual
dysfunction of streptozotocin induced diabetic male rats,”
Systems Biology in ReproductiveMedicine, vol. 59, no. 6, pp. 319–
328, 2013.

[24] M. J. Iqbal, F. Z. Dewan, S. A. R. Chowdhury, M. I. R. Mamun,
M.Moshiuzzaman, andM. Begum, “Pre-treatment by n-hexane
extract of Phyllanthus niruri can alleviate paracetamol-induced
damage of the rat liver,” Bangladesh Journal of Pharmacology,
vol. 2, no. 1, pp. 43–48, 2007.

[25] T. Shanbhag, A. Amuthan, S. Shenoy, and S. Sudhakar, “Effect
of Phyllanthus niruri. Linn on burnwound in rats,”Asian Pacific
Journal of Tropical Medicine, vol. 3, no. 2, pp. 105–108, 2010.

[26] I. A. Trounce, Y. L. Kim, A. S. Jun et al., “Assessment of
mitochondrial oxidative phosphorylation in patient muscle
biopsies, lymphoblasts, and transmitochondrial cell lines,” in
Methods in Enzymology, A. C. Giuseppe and M. Attardi, Eds.,
pp. 484–509, Academic Press, 1996.

[27] H. Esterbauer and K. H. Cheeseman, “Determination of
aldehydic lipid peroxidation products: malonaldehyde and 4-
hydroxynonenal,” in Methods in Enzymology, A. N. G. Lester
Packer, Ed., pp. 407–421, Academic Press, 1990.

[28] H. P.Misra and I. Fridovich, “The role of superoxide anion in the
autoxidation of epinephrine and a simple assay for superoxide
dismutase,”The Journal of Biological Chemistry, vol. 247, no. 10,
pp. 3170–3175, 1972.

[29] J. Bonaventura, W. A. Schroeder, and S. Fang, “Human ery-
throcyte catalase: an improved method of isolation and a
reevaluation of reported properties,” Archives of Biochemistry
and Biophysics, vol. 150, no. 2, pp. 606–617, 1972.

[30] J. T. Rotruck, A. L. Pope, H. E. Ganther, A. B. Swanson, D. G.
Hafeman, and W. G. Hoekstra, “Selenium: biochemical role as
a component of glatathione peroxidase,” Science, vol. 179, no.
4073, pp. 588–590, 1973.

[31] D. Fang, X. Wang, W. Deng et al., “Fufang Xue Shuan Tong
capsules inhibit renal oxidative stress markers and indices of
nephropathy in diabetic rats,” Experimental and Therapeutic
Medicine, vol. 4, no. 5, pp. 871–876, 2012.

[32] S. M. Sabir and J. B. T. Rocha, “Water-extractable phytochemi-
cals from Phyllanthus niruri exhibit distinct in vitro antioxidant
and in vivo hepatoprotective activity against paracetamol-
induced liver damage in mice,” Food Chemistry, vol. 111, no. 4,
pp. 845–851, 2008.

[33] M. A. Abdulla, H. M. Ali, M. A. Alshawsh, and S. W. Qadir,
“Assessment of In vitro antioxidant, antibacterial and immune
activation potentials of aqueous and ethanol extracts of Phyllan-
thus niruri,” Journal of the Science of Food and Agriculture, vol.
92, no. 9, pp. 1874–1877, 2012.

[34] J. Yu, L. Wang, R. L. Walzem, E. G. Miller, L. M. Pike, and B. S.
Patil, “Antioxidant activity of citrus limonoids, flavonoids, and
coumarins,” Journal of Agricultural and Food Chemistry, vol. 53,
no. 6, pp. 2009–2014, 2005.

[35] A. M. Vincent, J. W. Russell, P. Low, and E. L. Feldman,
“Oxidative stress in the pathogenesis of diabetic neuropathy,”
Endocrine Reviews, vol. 25, no. 4, pp. 612–628, 2004.

[36] R. Pop-Busui, A. Sima, and M. Stevens, “Diabetic neuropa-
thy and oxidative stress,” Diabetes/Metabolism Research and
Reviews, vol. 22, no. 4, pp. 257–273, 2006.

[37] M. H. Uyanik, A. Albayrak, F. Odabasoglu et al., “Effects of
diabetes on cytokines and oxidative organ injury in a rat model
of sepsis,”Cellular andMolecular Biology (Noisy-Le-Grand), vol.
58, pp. 1623–1631, 2012.

[38] M. Valko, C. J. Rhodes, J. Moncol, M. Izakovic, and M. Mazur,
“Free radicals, metals and antioxidants in oxidative stress-
induced cancer,” Chemico-Biological Interactions, vol. 160, no. 1,
pp. 1–40, 2006.

[39] S. R. Naik, N. Shaikh, R. R. Patil et al., “Protective activity
profile of herbomineral medicine in early diabetic nephropathy
rats: restoration of kidney antioxidants, hemodynamics and
suppression of proinflammatory mediators,” Biomedicine &
Aging Pathology, vol. 4, no. 1, pp. 33–41, 2014.

[40] R. Varatharajan,M.Z. A. Sattar, I. Chung et al., “Antioxidant and
pro-oxidant effects of oil palm (Elaeis guineensis) leaves extract
in experimental diabetic nephropathy: a duration-dependent
outcome,” BMC Complementary and Alternative Medicine, vol.
13, no. 1, article 242, 2013.

[41] D. Yin, J. Yin, Y. Yang et al., “Renoprotection of Danshen injec-
tion on streptozotocin-induced diabetic rats, associated with
tubular function and structure,” Journal of Ethnopharmacology,
vol. 151, no. 1, pp. 667–674, 2014.

[42] R. Karuna, V. G. Bharathi, S. S. Reddy, B. Ramesh, and D. Sar-
alakumari, “Protective effects of Phyllanthus amarus aqueous
extract against renal oxidative stress in Streptozotocin-induced
diabetic rats,” Indian Journal of Pharmacology, vol. 43, no. 4, pp.
414–418, 2011.

[43] L. Pari and M. Latha, “Protective role of Scoparia dulcis plant
extract on brain antioxidant status and lipidperoxidation in
STZ diabetic male Wistar rats,” BMC Complementary and
Alternative Medicine, vol. 4, no. 1, article 16, 2004.

[44] K. Ravi, B. Ramachandran, and S. Subramanian, “Protective
effect of Eugenia jambolana seed kernel on tissue antioxidants
in streptozotocin-induced diabetic rats,” Biological and Phar-
maceutical Bulletin, vol. 27, no. 8, pp. 1212–1217, 2004.

[45] H. Fujita, H. Fujishima, S. Chida et al., “Reduction of renal
superoxide dismutase in progressive diabetic nephropathy,”
Journal of the American Society of Nephrology, vol. 20, no. 6, pp.
1303–1313, 2009.

[46] M. Kitada, S. Kume, N. Imaizumi, and D. Koya, “Resvera-
trol improves oxidative stress and protects against diabetic
nephropathy through normalization of Mn-SOD dysfunction
in AMPK/SIRT1- independent pathway,” Diabetes, vol. 60, no.
2, pp. 634–643, 2011.

[47] A. H. M. Thippeswamy, A. Shirodkar, B. C. Koti et al., “Pro-
tective role of phyllantus niruri extract in doxorubicin-induced



10 Evidence-Based Complementary and Alternative Medicine

myocardial toxicity in rats,” Indian Journal of Pharmacology, vol.
43, no. 1, pp. 31–35, 2011.

[48] M. Rister and R. L. Baehner, “The alteration of superoxide
dismutase, catalase, glutathione peroxidase, and NAD(P)H
cytochrome C reductase in guinea pig polymorphonuclear
leukocytes and alveolar macrophages during hyperoxia,” The
Journal of Clinical Investigation, vol. 58, no. 5, pp. 1174–1184,
1976.

[49] S. Rjasekaran, K. Sivagnanam, and S. Subramanian, “Antioxi-
dant effect of Aloe vera gel extract in streptozotocin-induced
diabetes in rats,” Pharmacological Reports, vol. 57, no. 1, pp. 90–
96, 2005.

[50] I. Hwang, J. Lee, J. Y. Huh et al., “Catalase deficiency accelerates
diabetic renal injury through peroxisomal dysfunction,” Dia-
betes, vol. 61, no. 3, pp. 728–738, 2012.

[51] E. Mansouri, M. Panahi, M. A. Ghaffari, and A. Ghorbani,
“Effects of grape seed proanthocyanidin extract on oxidative
stress induced by diabetes in rat kidney,” Iranian Biomedical
Journal, vol. 15, no. 3, pp. 100–106, 2011.


