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Abstract

The chemoprotective effect of Phyllanthus maderaspatensis
Linn (PME) was studied on cisplatin-induced nephro-
and genotoxicity in male Swiss albino mice. The treatment
of mice with different doses of PME (400 and 600 mg=
kg body weight) for 7 days before the administration of a
single i.p. dose of cisplatin (5 mg=kg) exhibited significant
chemoprotective activity. Renal dysfunction was evaluated
biochemically by measuring the concentration of blood
urea nitrogen (BUN) and serum creatinine and histologi-
cally by light microscopy. Genotoxicity was evaluated by
the bone marrow micronucleus assay. A single dose of cis-
platin significantly elevated the levels of blood urea nitro-
gen, serum creatinine, and the kidney to body weight ratio,
but pretreatment with PME (600 mg kg�1 day�1) for 7 days
significantly attenuated the cisplatin-induced nephro-
toxicity. The frequency of micronucleated polychromatic
erythrocytes (MNPCEs) in the bone marrow was determ-
ined at 24 h after the administration of cisplatin. After
administration of cisplatin, the frequency of MNPCEs
distinctly increased. In mice treated with PME before cis-
platin application, there was a decrease in the number of
MNPCEs when compared with mice injected with only
cisplatin. Ethanol extract of PME thus has a marked free
radical scavenging effect indicating its antioxidative
property. The results suggest that the ethanol extract of
PME has a protective effect against cisplatin-induced
nephro- and genotoxicity through its antioxidant property.

Keywords: Antioxidants, chemoprotection, cisplatin,
genotoxicity, nephrotoxicity, Phyllanthus maderaspatensis.

Introduction

The use of chemotherapy in the treatment of cancer has
opened new possibilities for improvement of the quality
of life of cancer patients. Despite its success, treatment
with some of the most effective anticancer drugs shows
a number of symptoms of direct toxicity. Additionally,
many anticancer drugs have been shown to be muta-
genic, teratogenic, and carcinogenic in experimental
systems. Second malignancies are also known to be asso-
ciated with several therapeutic treatments (Sorsa et al.,
1985; IARC, 1987).

Cisplatin (cis-dichlorodiammineplatinum-II) is a
potent chemotherapeutic agent that has gained wide-
spread use against various malignant tumors in different
experimental animals (Kociba et al., 1970) and in a
variety of human malignancies (Prasad & Giri, 1994).
Many of the biological properties and effects
of cisplatin have been well documented (Loehrer &
Einhorm, 1984; Rosenberg, 1985) with numerous reports
indicating that the cellular DNA could be the primary
target in its anticancer activity (Pinto & Lippard, 1985;
Chu, 1994). High doses of cisplatin are more effective
for the suppression of cancer (Kociba et al., 1970; Prasad
& Giri, 1994). This high-dose chemotherapy, however,
produces untoward side effects of nephrotoxicity, bone
marrow toxicity, gastrointestinal toxicity, ototoxicity,
and peripheral neuropathy (Loehrer & Einhorm, 1984;
Pinto & Lippard, 1985; Rosenberg, 1985; Prasad & Giri,
1994). It has been suggested that oxygen free radicals
play an important role in cisplatin toxicity (Zamble &
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Lippard, 1995). Cisplatin chemotherapy induces a
decrease in plasma antioxidant levels, leading to a failure
of the antioxidant defense against free radical damage
generated by antitumor drugs (Masuda et al., 1994).
One of the approaches to deal with this problem is, there-
fore, to search for suitable antimutagens. During the past
few years, considerable attention has been paid to inves-
tigations of naturally occurring agents that are able to
stimulate defense mechanisms (Surh, 1999).

Plants have limitless ability to synthesize aromatic
substances such as polyphenols, mainly flavonoids and
phenolic acids, which exhibit antioxidant properties due
their hydrogen-donating and metal-chelating capacities.
It is known that many plant infusions have a large num-
ber of these molecules and, hence, it is reasonable to
investigate whether plants have the capacity to prevent
the genotoxic potency of specific mutagens or carcino-
gens from different categories that are known to generate
free radicals in nontumor cells both in vivo and in vitro.

Plants of the genus Phyllanthus have been widely used
in traditional medicine in China, the Philippines, Nigeria,
East and West Africa, the Caribbean, and Central and
Latin America for the treatment of different types of
diseases (Thyagarajan et al., 1988; Unander et al., 1990,
1995; Weijl et al., 1997). Phyllanthus maderaspatensis
Linn (Euphorbiaceae) is a traditional herbaceous med-
icinal plant. The leaves are expectorant and diaphoretic.
The seeds have a bad taste and are carminative, laxative,
tonic to the liver, diuretic, and useful in bronchitis, ear
ache, griping, ophthalmia, and ascites. In South India,
an infusion of the leaves is given for headache (Kirthikar
& Basu, 1999). The plant has been shown to be effective
in protecting acetaminophen-induced liver damage by
elevating the antioxidant defense system (Asha &
Pushpangadan, 1998; Asha et al., 2004).

The current study was, therefore, undertaken to assess
the effect of Phyllanthus maderaspatensis against cisplatin-
induced geno- and nephrotoxicity and in vitro antioxidant
activity.

Materials and Methods

Plant material

Botanically identified (NISCOM, New Delhi, India,
ref. no. RHM=F-3=98=consult. 178) whole plant mate-
rial was supplied by Natural Remedies Pvt Limited
(Bangalore, India). A voucher specimen (no. TIFAC 04)
has been deposited at the herbarium of the J.S.S College
of Pharmacy (Ootacamund, India).

Drugs and chemicals

Cisplatin was purchased from Dabur Pharmaceuticals
(New Delhi, India). a,a-Diphenyl-b-picryl-hydrazyl
(DPPH), fetal calf serum (FCS), and acridine orange were

purchased from Sigma Chemical Co. (St. Louis, MO,
USA). N,N-Dimethyl p-phenylendiamine dihydrochlor-
ide (DMPD) was obtained from Fluka (Switzerland).
Diagnostic kits were obtained from Merck (Mumbai,
India) Pvt. Ltd (Mumbai, India). All other chemicals used
in the experiment were of analytical grade.

Preparation of the ethanol extracts

The air-dried and finely ground plant material was
extracted by using the method described elsewhere
(Sokmen et al., 1999). The sample, weighing about
100 g, was extracted in a Soxhlet apparatus with 70%
ethanol at 60�C for 6 h. The extract was filtered and
concentrated in vacuo at 45�C (yield 5.6 g). It was then
lyophilized and kept in the dark at 4�C until tested.
Henceforth, the extract of P. maderaspatensis will be
called PME.

Animals

Male Swiss albino mice 10–12 weeks old, weighing
25–30 g, were obtained from National Institute of
Nutrition (NIN; Hyderabad, India). Institutional ethical
laws on animal use and care were complied with in all
experiments. Animals were housed in plastic cages at
22� 1�C, 60� 10% humidity, and 12=12 h light=dark
cycle during 2 weeks of acclimatization to laboratory
conditions and through the entire experimental period.
Water was available ad libitum, and the animals were
fed with conventional laboratory diet (Hindustan Lever
Limited, Mumbai, India).

Experimental protocol

The animals were divided into six groups (Groups 1–6)
of six animals each:

. Group 1: normal control, which received only the stan-
dard diet

. Group 2: treated with PME (600 mg kg�1 day�1, p.o.,
for 7 days)

. Group 3: positive control, which received a single dose
of cisplatin (5 mg=kg, i.p.)

. Group 4: treated with a single i.p. dose of cisplain 2 h
after the last dose of PME (200 mg kg�1 day�1, p.o.,
for 7 days)

. Group 5: treated with a single i.p. dose of cisplatin, 2 h
after the last dose of PME (400 mg kg�1 day�1, p.o.,
for 7 days)

. Group 6: treated with a single i.p. dose of cisplatin, 2 h
after the last dose of PME (600 mg kg�1 day�1, p.o.,
for 7 days)

Twenty-four hours after the administration of cisplatin,
all the animals were anaesthetized with diethyl ether
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and rapidly decapitated and submitted to micronucleus
test and biochemical and histological analysis.

Determination of serum biochemical parameters

Blood samples were kept at room temperature for 1 h
and then centrifuged at 3000 rpm for 30 min to obtain
serum. Blood urea nitrogen (BUN) and serum creatinine
were measured spectrophotometrically, using commer-
cially available kits (Merck, India), according to the
manufacturer’s instructions.

Micronucleus test

Genotoxic effects were evaluated in the mouse bone mar-
row by the micronucleus test (Schmid, 1975; Jagetia &
Jacob, 1992). The femurs of each animal were dissected,
out and the bone marrow was flushed out into Dulbec-
co’s modified Eagle’s medium (DMEM). The suspension
was centrifuged. A few drops of fetal calf serum (FCS)
were added, and the pellet was mixed thoroughly. Smears
were drawn onto precleaned coded slides using a drop of
the resultant suspension in FCS. The slides were air-dried
and fixed in absolute methanol. The slides were then
stained with 0.125% acridine orange in Sorensen’s buffer
of pH 6.8 and washed twice in Sorensen’s buffer. The
slides mounted in Sorensen’s buffer were observed under
�400 magnification using a fluorescent microscope
(Helmut Hund, Wetzlar, Germany). A minimum of
1000 polychromatic erythrocytes (PCE) were counted
for the presence of micronuclei (MN) for each animal.
A total of not less than 6000 PCE were counted for each
drug dose. The MN was then recorded and MN per
thousand PCE was calculated.

Histological methods

Small pieces of the cortex of the left kidney of each ani-
mal were fixed in 10% neutral buffered formalin, dehy-
drated in graded alcohol, and embedded in paraffin
wax. Sections of 5-mm thickness were stained with hema-
toxylin and eosin (H&E) and subjected to microscopic
examination for the presence of glomerular congestion,
tubular casts, peritubular congestion, epithelial desqua-
mation, blood vessel congestion, interstitial edema, and
inflammatory cells.

Determination of free radical scavenging activity

Scavenging effect on DPPH radical

The effect of the extracts on DPPH radical was estimated
according to the procedure given elsewhere (Moure et al.,
2000). Two milliliters of a 3.6� 10�5 M methanol
solution of DPPH were added to 50 ml of a methanol
solution (1 mg=ml) of the antioxidant. The decrease in

the absorbance at 515 nm was continuously recorded in
a Shimadzu UV-160A spectrophotometer (Shimadzu,
Kyoto, Japan) for 16-min at room temperature. The
scavenging effect (decrease of absorbance at 515 nm)
was plotted against time, and the percentage of DPPH
radical scavenging ability of the sample was calculated
from the absorbance value at the end of 16 min duration
using the following equation:

IP ¼ absorbancet¼0 min � absorbancet¼16 min

absorbancet¼0 min
� 100

Measurement of antioxidative ability by the
DMPD method

The N,N-dimethyl-p-phenlylenediamine (DMPD) method
(Fogliano et al., 1999) was used to determine the anti-
oxidant activity. PME extract (50ml) was added to 1 ml
of a solution containing the DMPD radical cation in
acetate buffer. The quenching of absorbance at 505 nm
was compared with that obtained by a standard solution
(1 mg=ml) of ascorbic acid and silymarin. The percentage
of the absorbance of uninhibited radical cation solution
(blank) was calculated using the following equation;

Inhibition of A505ð%Þ ¼ 1� Af

A0

� �
� 100

where A0 is the absorbance of uninhibited radical cation
and Af is the absorbance measured at 10 min after the
addition of antioxidant samples.

Statistical analysis

Values are expressed as mean� S.E.M. Comparisons
among the groups were tested by one-way ANOVA
using Graph Pad Prism, version 4.0 (Graph Pad Soft-
ware, San Diego, CA, USA). When the p value obtained
from ANOVA was significant (p < 0.05), the Tukey test
was applied to test for differences among groups.

Results

Phytochemical screening

Preliminary phytochemical screening (Harborne, 1984)
revealed the presence of carbohydrates, steroids, glyco-
sides, terpenoids, flavanoids, and tannins.

Biochemical parameters

Table 1 lists the effects of oral administration of PME on
cisplatin-induced elevation of BUN, serum creatinine,
and the kidney to body weight ratio. The results reveal
that the levels of BUN and serum creatinine show signifi-
cant increase in cisplatin-treated animals (110.19 and
2.00 mg=dl compared with 28.33 and 0.34 for control
animals). PME at 400 and 600 mg=kg body weight,
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however, reverses the increase of BUN and serum creati-
nine levels in cisplatin-treated animals. Similar results
were also obtained for kidney to body weight ratio in a
dose-dependent manner. When PME at 600 mg=kg was
given orally for 7 days before administration of cisplatin,
the level of BUN increased to 48.99� 4.63 mg=dl com-
pared with 110.19� 12.81 mg=dl for animals given
cisplatin alone (control ¼ 28.33�1.84 mg=dl), amounting
to 74% protection. Serum creatinine levels increased from
0.34 mg=dl in the control to 2.00 mg=dl on treatment with
cisplatin. When PME at 600 mg=kg body weight was
given, serum creatinine increased to 0.93 mg=dl amount-
ing to approximately 64% protection. The protective
effect of PME on cisplatin-induced nephrotoxicity is thus
dose-dependent. Further increase in the dose did not lead
to improved protection (data not shown).

Micronucleus assay

Table 2 shows the frequencies of micronucleuted poly-
chromatic erythrocytes (MNPCEs) in the bone marrow
cells of mice pretreated with PME before exposure to
cisplatin. Development of micronuclei (MN) was

observed in bone marrow cells after cisplatin. The inci-
dence of MN was found to be more in polychromatic
erythrocytes in cisplatin-treated mice compared with
control animals. PME at the dose levels of 400 and
600 mg=kg body weight were thus effective in exerting
significant antigenotoxic effects against cisplatin.

Histopathological studies

Table 3 shows the effect of PME on histological features
of cisplatin-induced renal damage. The results reveal that
cisplatin-treated mice show a marked congestion of
glomeruli with numerous tubular casts associated with
epithelial desquamation as compared with the control
animals. Marked peritubular congestion and edema were
also observed. The interstitium showed infiltration
with inflammatory cells and congestion. These features
suggest that cisplatin induces acute tubular necrosis.
Whereas groups 4 and 5 continued to show glomerular
and peritubular congestion with tubular casts and inflam-
matory cells, group 6 (PME 600 mg=kg body weight)
showed complete normalization of kidney section.

Table 1. Effect of Phyllanthus maderaspatensis Linn (PME) on cisplatin-induced renal damage.

Group Treatment BUN (mg=dl) Creatinine (mg=dl) Kidney weight=body weight

1 Control 28.33� 1.84 0.34� 0.02 13.74� 0.15
2 PME 600 29.68� 1.77 0.36� 0.03 13.77� 0.18
3 Cisplatin 110.19� 12.81a 2.00� 0.26a 18.39� 0.39a

4 PME 200þ cisplatin 84.76� 5.72 1.59� 0.31 17.72� 0.27
5 PME 400þ cisplatin 63.99� 5.00d 1.14� 0.19b 16.13� 0.39d

6 PME 600þ cisplatin 48.99� 4.63d 0.93� 0.13c 15.12� 0.51d

Values are mean� SEM (n ¼ 6). BUN, blood urea nitrogen.
ap<0.05 vs. control (group 1).
bp<0.05 vs. cisplatin (group 3).
cp<0.01 vs. cisplatin (group 3).
dp<0.001 vs. cisplatin (group 3).

Table 2. Effect of Phyllanthus maderaspatensis Linn (PME) on frequency of micronucleus in bone marrow cells of mice.

Group Treatment
Total number

of PCE observed
Total number

of MN
Average MN per
1000 PCE� SD

1 Control 6371 15 2.35� 0.34a

2 PME 600 6524 15 2.29� 0.22
3 Cisplatin 6201 78 12.57� 0.51
4 PME 200þ cisplatin 6358 69 10.85� 0.56
5 PME 400þ cisplatin 6383 61 8.93� 0.22b

6 PME 600þ cisplatin 6204 42 6.76� 0.77b

Values are mean� SEM (n ¼ 6). PCE, polychromatic erythrocytes; MN, micronuclei.
ap < 0.05 vs. control (group 1).
bp < 0.05 vs. cisplatin (group 3).
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Mild glomerular, peritubular congestion and inflamma-
tory cells were, however, observed in group 6.

Antioxidant studies

Scavenging effect on DPPH radical

The radical scavenging activity using a DPPH-generated
radical was tested for PME along with ascorbic acid,
BHT, and silymarin, and the results are shown in
Figure 1. The results reveal that the radical scavenging
ability of PME is almost equal to ascorbic acid but
BHT and silymarin show very slow kinetic behavior. In
terms of percentage, the inhibiting activity (at 16 min)
is in the order: ascorbic acid (96.32%), PME (91.47%),
BHT (20.68%), and silymarin (18.68%).

Measurement of antioxidative ability by the
DMPD method

The antioxidant ability of PME, ascorbic acid, and sily-
marin was measured by using the DMPD method as
described under ‘‘materials and Methods’’. The results
are shown in Figure 2. Ethanol extract of PME produces
about 60% inhibition of DMPD radical at 505 nm.

Discussion

Cisplatin is an important antineoplastic agent useful in
treating many types of solid tumors. Its use, however,
is limited by its nephro- and genotoxicity. Although the
mechanism of the nephro- and genotoxicity is not clear,
oxygen free radicals have been implicated by earlier

Figure 1. DPPH radical scavenging capacity of ascorbic acid, PME, BHT, and silymarin. Values at the end of kinetic curves indicate
the DPPH radical scavenging percent.

Table 3. Effect of Phyllanthus maderaspatensis Linn (PME) on histological features of cisplatin-induced renal damage.

Histological features Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Glomerular congestion � � þþ þþ þþ þ
Tubular casts � � þþ þþ þþ �
Peritubular congestion � � þþ þþ þþ þ
Epithelial desquamation � � þþ þþ þ �
Blood vessel congestion � � þþ þþ þ �
Interstitial edema � � þþ þþ þ �
Inflammatory cells � � þþ þþ þþ þ

�, normal; þ, mild; þþ, severe.
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workers. A relationship between oxidative stress and
nephrotoxicity has been well demonstrated in many
experimental animal models (Li et al., 1995; Devipriya
& Shyamaladevi, 1999). Numerous in vivo and in vitro
studies have demonstrated that reactive oxygen metabo-
lites, such as free radical species, superoxide, hydroxyl
radical anion, and hydrogen peroxide are important
mediators of tissue injury (Weiss & LoBuglio, 1982;
Fox, 1984; Varani et al., 1985; Fantone & Ward, 1982).
Oxygen free radicals have also been implicated in several
biological processes, potentially important in glomerular
diseases (Shah et al., 1984, 1987). Previous reports sug-
gest that cisplatin induces nephrotoxicity by initiation
of lipid peroxidation and depletion of cellular thiols
(Zhang & Lindup, 1994; Rice-Evans & Miller, 1995).
Cisplatin has also been shown to inhibit the activity of
antioxidant enzymes (superoxide dismutase, catalase,
and glutathione peroxidase) in rat kidneys (Sdzuka et
al., 1992). All these suggest that cisplatin cytotoxicity
results from generation of reactive oxygen species.

It is known that chemoprotective agents are capable
of exerting their antigenotoxic effects by one or a combi-
nation of mechanisms such as inhibiting formation of
reactive carcinogenic metabolites, induction of enzymes
that detoxify carcinogens, scavenging reactive oxygen
species, and influencing apoptosis and inhibiting cell
proliferation (Sharma et al., 1994; Wattenberg, 1985).
Further, flavonoids are known to be potent antioxidants
capable of modulating the activities of various enzyme
systems due to their interaction with biomolecules
(Devipriya & Shyamaladevi, 1999). Our preliminary phy-
tochemical studies reveal that PME contains a number of
flavanoids and tannins. The results of in vitro antioxidant
studies carried out also reveal that PME may contain

powerful inhibitor compounds that might act as primary
antioxidants that react with free radicals.

The aim of the current study was to investigate the
possible role of PME in modulating the in vivo nephro-
and genotoxicity of cisplatin use in cancer chemotherapy.
Results from the current investigation demonstrate that
cisplatin induces nephro- and genotoxicity as evidenced
by elevated blood urea nitrogen and serum creatinine
and an increase in the frequency of MNPCEs, as well
as in the observations made in the histopathological fea-
tures of acute tubular necrosis. The alcohol extract of
PME when administered at 400 and 600 mg=kg body
weight for seven days, 24 h after cisplatin treatment, thus
shows a significant reduction in the increase in blood
urea nitrogen, serum creatinine, and the frequency of
MNPCEs in the bone marrow cells. A marked recovery
in the kidneys is also seen microscopically. The results
of the current study show that the ethanol extract of
Phyllanthus maderaspatensis possess marked chemopro-
tective activity via its antioxidant potential and may have
a promising role to play in the treatment of cisplatin-
induced nephro- and genotoxicity. Further work, such
as evaluating the chemoprotective role of this plant in
chronic models and isolation of active compounds, is in
progress.
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