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The herb Phyllanthus niruri is known to possess antioxidant activity, but the nature of the responsible
active principle(s) is not well defined. The present study reports the purification and characterisation
of a 35 kDa antioxidant protein molecule from this herb using a bioassay in which oxidative stress was
introduced in hepatocytes with the help of a suitable free radical inducer, tertiary butyl hydroperoxide
(TBHP), and the prevention of that stress was monitored using the protein fraction(s) obtained at each
step of the purification. Partial amino acid sequence of this protein revealed its unique structural features.
The purified protein possesses potent radical-scavenging activity, enhances intracellular antioxidant
power and protects the TBHP-induced alterations of the cytoprotective and antioxidant molecules, as
well as other parameters used in this particular study. Combining, data suggest that the antioxidant
activity of Phyllanthus niruri is at least partly due to this unique protein molecule.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Since ancient times, medicinal plants, in parts or as a whole, are
being used as human consumables, as well as therapeutic agents,
because of their easy availability, low cost and minimal side ef-
fects. Some well-known medicinal plants of this type are Silybum
marianum (Farghali, Kamenikova, Hynie, & Kmonickova, 2000),
Terminalia arjuna (Karthikeyan, Sarala Bai, Gauthaman, Sathish, &
Niranjali Devaraj, 2003; Sinha, Manna, & Sil, 2006), Andrographis
ll rights reserved.
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paniculata (Singha, Roy, & Dey, 2007) and Cajanus indicus (Ghosh
& Sil, 2007; Sinha, Manna, & Sil, 2007). Active ingredients such as
alkaloids (Racková, Májeková, Kost’álová, & Stefek, 2004),
flavonoids (Pietta, 2000) and phenolics (Santos-Gomes, Seabra,
Andrade, & Fernandes-Ferreira, 2003) were purified and character-
ised from these plants.

Phyllanthus niruri (P. niruri) is also an important medicinal plant
of this type, widely used in the preparation of various ayurvedic
formulations (Barros et al., 2006; Bhattacharjee & Sil, 2007;
Venkateswaran, Millman, & Blumberg, 1987). Phyllanthin (Harish
& Shivanandappa, 2006) and corilagin (Cheng, Lin, & Hsu, 1995)
are the well-characterised bioactive compounds isolated from the
organic extracts of this herb. We have shown earlier that the aque-
ous extract of P. niruri possesses reasonable antioxidant activity
(Chatterjee & Sil, 2006; Sarkar, Sarkar, Bhattacharjee, Chatterjee,
& Sil, 2005). In addition, the aqueous extract has been shown to
have better antioxidant activity when administered intraperitone-
ally (Chatterjee & Sil, 2006). Heat and protease treatments partially
destroyed the antioxidant activity of the aqueous extract of the
herb. However, almost complete loss of protein isolate-induced
antioxidant activity was observed under the same treatment con-
ditions (Chatterjee, Sarkar, & Sil, 2006). The protein isolate could
also affect various oxidative stress-related parameters induced by
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a number of toxins and drugs (Bhattacharjee & Sil, 2006, 2007; Sar-
kar & Sil, 2007). Combining all, the data indicate that the protein of
this herb might be responsible, at least partly, for its antioxidant
activity.

The aim of the present study was, therefore, to identify and
characterise the responsible antioxidant protein molecule(s) from
this medicinal plant. We used a bioassay in which tertiary butyl
hydroperoxide (TBHP) was used to induce oxidative stress in mur-
ine hepatocytes, and that oxidative impairment (ROS generation)
was protected by the addition of the protein fractions. The homo-
geneous preparation of the active principle was achieved by
homogenisation and several chromatographic procedures. Its char-
acterisation was performed by confirming its homogeneous prepa-
ration by HPLC, PAGE and SDS–PAGE, determining its molecular
weight by SDS–PAGE, determining the effect of heat treatment
and enzymatic digestion on its bioactivity, and finally by determin-
ing its amino acid sequence using MALDI-TOF as well as LC–MS
analyses and comparing that with other proteins present in the
database. In addition, dose- and time-dependent experiments have
been carried out to evaluate the optimum antioxidant effect of the
active principle. Its cytoprotective activity was determined by
measuring the cell viability and ALT leakage in hepatocytes. The
antioxidant activity of the protein was further confirmed by deter-
mining its effects on cellular lipid peroxidation, GSH contents and
catalase activity.
2. Materials and methods

2.1. Animals

Male swiss albino mice, of body weight 20 ± 2 g, were acclima-
tised in the laboratory for a fortnight before starting the experi-
ments. They were fed ad libitum with food and water. The mice
were fasted for 16–18 h before performing any experiment.

2.2. Chemicals

TBHP, DCF–DA, Collagenase IV and Dulbecco’s modified eagle’s
medium (DMEM) were obtained from Sigma chemical co., USA.
An ALT measurement kit was purchased from span diagnostic, In-
dia. All the chemicals were of reagent grade with the highest lab-
oratory purity.

2.3. Purification of the protein

The leaves from P. niruri were homogenised in 50 mM phos-
phate buffer, pH 7.4, and the soup (after centrifugation at
15,000g) was brought to 60% ammonium sulphate saturation.
The pellet was reconstituted and dialysed against 50 mM phos-
phate buffer, passed through DEAE–cellulose column and eluted
using a linear gradient of 0–1 M NaCl in the same phosphate buffer.
Two major peaks were observed. The protein fractions from the
first peak (showed maximum biological activity) were collected,
concentrated and dialysed in 50 mM phosphate buffer. The active
material of the peak-I fractions was subjected to gel filtration chro-
matography and re-chromatography using a gel filtration column
(BIOSEP-SEC-S200, 600 � 7.8 mm) attached to the HPLC. Biological
activity of each fraction was checked, and the material of the active
peak was subjected to re-chromatography under identical
conditions.

2.4. Test of homogeneity

The homogeneity and the molecular weight of the protein were
checked according to the method of Laemmli (1970). SDS–PAGE
was performed with 12% resolving and 5% stacking gels. A set of
molecular weight marker proteins (25–225 kDa) was run in the
gel to determine the molecular weight of the protein.

2.5. Effect of temperature on the biological activity of the protein

To check the effect of temperature on the protein, the protein
was heated at 90 �C for 5 min, cooled and then applied to hepato-
cytes (106cells/ml) at a dose of 10 lg/ml for 20 min before TBHP
administration. The incubation was continued for 2 h. A control
was kept where the biologically active protein was administered
at the same dose.

2.6. Effect of protease on the biological activity of the protein

For this experiment, 35 kDa protein molecules of P. niruri (PNP)
and trypsin were incubated at 37 �C for 1 h and then experimental
hepatocytes were treated with the mixture for 20 min before TBHP
intoxication. The effect was compared with that of the biologically
active protein.

2.7. Determination of the amino acid sequence of the protein

For the protein digestion, the bands were cut from the gel as
closely as possible, with either a scalpel or a punch, and washed/
destained in 50% ethanol and 5% acetic acid. The gel pieces were
then reduced with DTT and alkylated with iodoacetamide before
digestion with trypsin overnight. The peptide fragments were ex-
tracted from the polyacrylamide gel and evaporated to 30 ll for
LC–MS analysis. The LC–MS system was a ThermoFisher LTQ ion
trap mass spectrometer system. The HPLC column was a self-
packed 8 cm � 75 lm id Phenomenex Jupiter C18 reversed-phase
capillary chromatography column. - Ten microliter volumes of
the extract were injected using an Eksigent splitless nanoflow LC
system, and the peptides were eluted from the column by an ace-
tonitrile/0.05 M acetic acid gradient at a flow rate of 250 nl/min
introduced into the source of the mass spectrometer. The micro-
electrospray ion source was operated at 2.5 kV. The digest was ana-
lyzed, using the data-dependent multitask capability of the
instrument acquiring full scan mass spectra, to determine the
molecular weights of the peptides and product ion spectra and to
determine amino acid sequence in successive instrument scans.
This mode of analysis produces approximately 3500 collisionally
induced dissociation (CID) spectra of ions, ranging in abundance
over several orders of magnitude. The data were analysed by using
all CID spectra collected in the experiment to search the NCBI dat-
abases with the search programme mascot. Each identification was
verified by manual inspection of several matching spectra. The
interpretation process was aided by additional searches using the
programme Sequest as needed.

2.8. Hepatocyte isolation

Hepatocytes were isolated from mice liver according to the
method of Sarkar and Sil (2006) with some modifications. The liv-
ers were isolated under aseptic conditions and placed in phos-
phate-buffered saline. The livers were irrigated in buffer A
(10 mM HEPES, 3 mM KCl, 130 mM NaCl, 1 mM NaH2PO4�H2O
and 10 mM glucose, pH 7.4) and then incubated with buffer B
(5 mM CaCl2, 0.03% collagenase, type IV) for about 45 min at
37 �C. The liver was then passed through a wide bore syringe and
80 lm decron mesh, respectively. The dissociated cells were cen-
trifuged at 500g, and the pellet was suspended in Dulbecco’s min-
imal essential medium (DMEM) containing 10% foetal calf serum
and 5 lg/ml of insulin, 5 lM hydrocortisone, 100 U/ml of penicillin
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and 100 lg/ml of streptomycin. The suspension was adjusted to
obtain �1 � 106 cells/ml.

2.9. Determination of cell viability

MTT is converted to an insoluble formazan by the cleavage of
its tetrazolium ring by active mitochondrial dehydrogenase in liv-
ing cells (Edmondson, Armstrong, & Martinez, 1988). To deter-
mine cell viability, cells were preincubated with the protein
(10 lg/ml) for 20 min. Following aspiration and washing with
PBS, cells were exposed to 250 lM TBHP for 2 h. The resulting
cells were rinsed and incubated with 0.5% FBS–DMEM containing
0.1 vol of MTT (5 mg/ml) for 4 h. At the end of the incubation per-
iod, the medium was removed and the converted dye was solubi-
lised with DMSO (0.3 ml). Absorbances were measured at 570 nm,
and cell viability was expressed as a percentage of the corre-
sponding control.

2.10. Cell leakage

After the appropriate experimental procedure, as described ear-
lier, hepatocyte suspensions were centrifuged at 60g. The leakage
of the enzyme ALT (secreted outside the cells) was determined
from the supernatant using a kit and following the manufacturer’s
protocol (Reitman & Frankel, 1957).

2.11. Assay of antioxidant power of hepatocytes: Ferric reducing/
antioxidant power (FRAP) assay

The antioxidant power of hepatocytes was determined using
FRAP assay, following the method of Benzie and Strain (1999).
Briefly, 50 ll of the hepatocytes (normal as well as experimental
cells) suspension was added to 1.5 ml of freshly prepared and
pre-warmed (37 �C) FRAP reagent (300 mM acetate buffer,
pH = 3.6, 10 mM TPTZ in 40 mM HCl and 20 mM FeCl3�6H2O in
the ratio of 10:1:1) and incubated at 37 �C for 10 min. The absor-
bance of the sample was read against reagent blank (1.5 ml FRAP
reagent + 50 ll distilled water) at 593 nm.

2.12. Determination of reactive oxygen species

The intracellular ROS production in hepatocytes was measured
by using 2,7-dichlorofluorescein diacetate (DCF–DA) as a probe,
following the method of LeBel and Bondy (1990) as modified by
Kim, McCarter, and Yu (1996). After treatment with the protein
(appropriate concentration as needed for different assays) and
TBHP (250 lM), the cells (hepatocytes) were incubated with
20 lM DCF–DA from the stock solution of 10 mM DCF–DA in eth-
anol at 37 �C for 10 min. The culture medium was removed, and
the cells were washed with PBS and 2 ml of PBS was added to each
well. The fluorescence intensity of the cells was measured with
excitation at 488 nm and emission at 525 nm. The untreated
groups were used as control. The results were expressed as the per-
centage of fluorescence intensity with respect to control.

2.13. Measurement of lipid peroxidation

The assay of lipid peroxidation was performed by a colorimetric
reaction, using thiobarbituric acid (TBA), following the method of
Esterbauer and Cheeseman (1990). Hepatocytes containing about
1 mg of protein were mixed with TCA–TBA mixture and heated
at 100 �C for 30 min. The flocculent precipitate was removed by
centrifugation, and the absorbance of thiobarbituric acid-reactive
substance (TBARS) formed was measured at 532 nm. TBARS con-
centrations of the samples were calculated using the extinction
coefficient of MDA, i.e. 1.56 � 10�5 mmol�1 cm�1.
2.14. Determination of cellular GSH

GSH concentration in control and experimental hepatocytes
was determined by the method of Tietze (1969). Hepatocytes were
deproteinated with trichloroacetic acid (TCA) by centrifugation,
and GSH released in the supernatant was derivatized with 5,50

dithiobis-2-nitrobenzoic acid (DTNB). The development of colour
was measured at 412 nm.

2.15. Determination of catalase activity

Catalase activity in hepatocytes (normal and experimental)
was measured by the method of Bonaventura, Schroeder, and
Fang (1972). For the assay, the sonicated hepatocytes containing
5 lg total protein were mixed separately with 700 ll 5 mM hydro-
gen peroxide and incubated at 25 �C. The disappearance of perox-
ide was observed at 240 nm for 15 min. One unit of catalase
activity is that which reduces 1 lmole of hydrogen peroxide per
minute.

2.16. Protein estimation

Protein concentrations of all the experimental samples were
estimated according to the method of Bradford (1976). Bovine ser-
um albumin (BSA) was taken as a standard protein.

2.17. Statistical analysis

For the statistical analysis, we used the Student’s t-test and
analysis of variance when appropriate. Results were expressed as
means ± S.D.
3. Results

3.1. Purification of the protein

Fig. 1a represents the chromatogram of the protein samples ob-
tained after 60% ammonium sulphate saturation and subjected to a
DEAE-ion-exchange column. Two distinct protein peaks appeared
in this separation. The material of the first one showed prominent
biological activity and was further subjected to gel filtration chro-
matography using a gel filtration column attached to the HPLC.
Fig. 1b shows the gel filtration chromatogram. Several peaks were
obtained and the major one eluted at 20.785 min and showed po-
tent biological activity. It was re-chromatographed under the same
conditions. A sharp symmetrical peak with potent biological activ-
ity was obtained, indicating that a homogeneous preparation of the
antioxidant protein molecule from P. niruri had been accomplished
(Fig. 1c). The summary of purification of PNP is shown in Table 1.
The protein was purified 240-fold with a recovery of 1.1%.

3.2. Characterisation of the protein

3.2.1. Molecular weight
Fig. 1d represents the SDS–PAGE pattern of the purified protein

(PNP) obtained at 20.589 min by gel filtration re-chromatography
using HPLC. Appearance of a single sharp protein band in the region
of 35 kDa proved that the molecular mass of the protein was
35 kDa. This result shows that the purified protein from P. niruri
was homogeneous and consisted of a single polypeptide chain.

3.2.2. Effect of temperature and protease digestion
The preheated PNP (PPNP) treatment could not practically alter

the ROS production in hepatocytes induced by TBHP. Trypsin di-
gested protein (TPNP) treatment also had very little effect on the



Fig. 1. Purification of the antioxidant protein molecule from P. niruri. (a) ion-exchange chromatogram of the protein isolate eluted from a DEAE–Cellulose column. The
column was eluted using a linear gradient of NaCl (0–1 M) in 50 mM phosphate buffer, pH 7.4, at a flow rate of 1 ml/min. UV absorbance of the elutants from the column was
measured at 280 nm. Each peak material was used to study the antioxidant activity, (b) gel filtration chromatogram of the peak-I materials collected from DEAE–Cellulose
ion-exchange chromatography. The chromatography has been carried out by using a gel filtration column [BIOSEP-SEC-S200, 600 � 7.8 mm] attached to HPLC. The column
was eluted using 50 mM phosphate buffer, pH 7.4, at a flow rate of 1 ml/min. Each peak material was used to study the antioxidant activity, (c) re-chromatogram of the
materials of the active peak eluted at 20.786 min from the previous gel filtration column attached to HPLC. Inside bar graph represents the ROS generation in hepatocytes of
different experimental sets expressed in fluorescence units. Control: ROS generation in normal hepatocytes, TBHP: ROS generation in TBHP-intoxicated hepatocytes,
TBHP + Protein: ROS generation in hepatocytes treated with PNP before TBHP administration. Each value represents mean ± S.D. (Pa < 0.01; Pb < 0.01; Pc < 0.01) and (d) SDS–
Polyacrylamide gel electrophoresis pattern of the protein obtained after gel filtration re-chromatography.

1408 M.K. Sarkar et al. / Food Chemistry 114 (2009) 1405–1412
free radical production in hepatocytes induced by TBHP
administration. Experimental results suggest that both the heat
treatment and enzymatic digestion resulted in loss of biological
activity of PNP (Fig. 2).

3.2.3. Amino acid sequence of the protein
Several peptide fragments of PNP generated by trypsin cleavage

were subjected to MALDI-TOF as well as LC–MS analyses. Although
a number of peptides were obtained through these combined pro-
cedures, only four, of nominal mass 2128 Da, 2392 Da, 2533 Da and
Table 1
Summary of purification of the antioxidant protein from P. niruri.

Purification steps Total protein (lg)

Crude extract 4,500,000
60% Ammonium sulphate saturation 1,200,000
DEAE–cellulose ion-exchange chromatography 200,000
Gel filtration on HPLC 5000
Re-chromato-graphy on HPLC 2000
2719 Da, were prominent. These peptides were subjected to MS–
MS analysis for sequencing. The amino acid sequence of (a) the
2128 Da peptide is: - - - KTDQDXFTNXPAXVDR; (b) the 2392 Da
peptide is - - - SDNPDPNXDPTYAATXR . . . (c) the 2533 Da peptide
is: FSNXXXDDTDLVALSEHTFVQR, and finally (d) the 2988 Da pep-
tide is GKFSNXXXDDTDLVALSEHTFVQR (Table 2). When the amino
acid sequences of the peptides were compared with the sequences
present in the NCBI non-redundant database, none of these was
found to be matched with any peptide sequences in the NCBI
non-redundant or refseq databases.
Amount of protein required
for biological activity (lg)

Fold of purification Yield (%)

2400 1 100.0
800 3 80.0
250 9.6 43.0
20 120 13.3
10 240 1.1
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Fig. 2. Effects of heat and protease treatments on the biological activity of PNP
(10 lg/ml) against TBHP-induced ROS generation expressed in fluorescence units.
Control: ROS generation in normal hepatocytes, TBHP: ROS generation in TBHP-
intoxicated hepatocytes, PNP + TBHP: ROS generation in the bioactive PNP-treated
hepatocytes before TBHP administration, PPNP + TBHP: ROS generation in the
hepatocytes treated with the preheated (at 90 �C for 5 min) PNP before TBHP
administration, TPNP + TBHP: ROS generation in hepatocytes treated with the
trypsin-digested (at 90 �C for 5 min) PNP before TBHP administration. BSA + TBHP:
ROS generation in BSA-treated hepatocytes before TBHP administration. Each value
represents mean ± SD (n = 6). (Pa < 0.01; Pb < 0.01).

Table 2
Amino acid sequence of the peptides obtained by the tryptic digestion of the 35 Da prote

(M + H+) Za Sequenceb

1 935 2 CXTFQQR (C
2 953 2 CXTFQQR (C
3 967 2 CXTFQQR (C
4 1104 2 (209 Da) CXT
5 1332 2 PNXDPTYAA
6 1751 2,3 - - TAXPGPF
7 1794 2,3 - - - AXPGPF
8 2128 2,3 - - - KTDQDX
9 2392 2,3 - - - SDNPDP
10 2533 2,3 FSNXXXDDT
11 2719 3,4 GKFSNXXXD
12 3215 2,3 (- - -GF - - -)

a Charge state.
b X = I or L, which cannot be distinguished by low energy CIC.
c Not sure of sequence direction.

Table 3
Effect of the pretreatment of PNP (10 lg/ml) on TBHP-induced alterations of cell viability; in
the thiol-based antioxidant, GSH and antioxidant enzyme catalase.

Name of the parameters Control T

Cell viability (% over control) 100.00 ± 4.80 5
FRAP levels (% over control) 100 ± 4.72 6
ALT (IU/l) 40.1 ± 1.80 8
MDA (nmol/mg protein) 3.92 ± 0.18 6
GSH (nmol/mg protein) 25.5 ± 1.34 1
CAT (lmol/min/mg protein) 412.1 ± 20.8 2

p < 0.01.
a Values differ significantly from normal control.
b Values differ significantly from toxin control.
c Values differ significantly from toxin control.
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3.3. Effect of PNP on cell viability

Table 3 shows that 250 lM TBHP treatment for 2 h caused a loss
of about 50% of the cell viability. When hepatocytes were treated
with PNP 20 min prior to the addition of TBHP, a significant in-
crease in cell viability was observed. About 97% cell viability was
restored at a protein concentration of 10 lg/ml for 2 h incubation.
When Vit-C was used instead of PNP, the cell viability was restored
almost completely.

3.4. Time- and dose-dependent prevention of ROS generation by PNP

Fig. 3 shows the time- and dose-dependent prevention of TBHP-
induced ROS generation by PNP expressed in fluorescence units.
Incubation of hepatocytes with TBHP tremendously enhanced the
ROS production. PNP could prevent that in a time- and dose-
dependent manner. As evidenced from the figure, treatment of
hepatocytes with 10 lg PNP, prior to TBHP (250 lM) administra-
tion, almost reduced the ROS production to normal levels.

3.5. Cytoprotective action of PNP

Table 3 demonstrates the cytoprotective effect of PNP (ex-
pressed as ALT leakage) from normal and experimental hepato-
cytes. ALT leakage was elevated to a very high level (more than
double) with respect to normal hepatocytes upon TBHP treatment,
indicating severe cellular damage. PNP treatment before TBHP
intoxication significantly inhibited the damage, as evidenced from
the less ALT leakage. Vit-C administration also showed a similar
result.
in purified from P. niruri.

= cyclized carbamidomethylated C)
= carbamidomethylated C)
= acrylamide modified C)
FQQR

TXR
DTFTQNR
DTFTQNR
FTNXPAXVDR
NXDPTYAATXR (Neutral loss of 146 Da from precursor and sequence specific ions)
DLVALSEHTFVQR
DTDLVALSEHTFVQR
c

tracellular ferric reducing/antioxidant power (FRAP); membrane leakage enzyme ALT;

BHP PNP + TBHP Vit-C + TBHP

3.12 ± 2.93a 95.62 ± 5.10b 93.16 ± 4.03c

2.6 ± 3.25a 89.1 ± 4.20b 91.1 ± 4.12c

6.3 ± 3.65a 45.1 ± 2.19b 47.4 ± 2.12c

.63 ± 0.30a 4.88 ± 0.22b 4.49 ± 0.23c

0.0 + 0.59a 23.8 + 1.22b 22.6 + 1.13c

60 ± 16.1a 383 ± 16.8b 398 ± 17.1c
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3.6. Effect on intracellular antioxidant power

As evidenced from Table 3, TBHP administration decreases the
antioxidant power of the hepatocytes by approximately 40%. PNP
treatment before TBHP administration almost restores the antiox-
idant power.

3.7. Effect on GSH and MDA levels

Table 3 shows the levels of GSH and MDA in normal (as well as
in experimental) sets of hepatocytes. TBHP administration caused a
significant reduction in GSH level although great enhancement of
MDA level was detected under the same conditions. Pretreatment
of hepatocytes with PNP could protect the alterations of these pro-
oxidant–antioxidant-related parameters and keep their values al-
most normal.

3.8. Effect on antioxidant enzyme, catalase

Table 3 shows the activity of the intracellular antioxidant en-
zyme, catalase, in normal and experimental sets of hepatocytes.
TBHP administration significantly decreased the catalase activity.
Treatment with PNP, prior to the toxin administration, prevented
this change and maintained the activity of this particular enzyme
at nearly that of normal hepatocytes.

4. Discussion

Oxidative stress is defined as the disturbance between the pro-
oxidant and antioxidant balance in favour of the increased level of
the former in organs, tissues and cells. This in vivo pathophysiolog-
ical situation arises as a result of either the increased production of
reactive oxygen species (ROS) or the decreased level of the antiox-
idant defence. Under normal physiological conditions, about 1–4%
of the cellular oxygen consumed in mitochondria, is converted into
superoxide anion (O�2 ), hydrogen peroxide (H2O2) and hydroxyl
radical (OH). These free radicals, in turn, react with the cellular
macromolecules and cause peroxidative tissue damage
(Dalle-Donne, Giustarini, Colombo, Rossi, & Milzani, 2003). To
counter this oxidative stress, the natural antioxidative defence
mechanism of the body operates to detoxify or scavenge the ROS.
However, if the rate of production of ROS overcomes the rate of
their consumption, the body needs the supplementation of antiox-
idants from outside, to cope with the excess ROS. It is, therefore,
sensible to elucidate the detailed protective mechanisms of these
medicinal (human-consumable) plants in organ pathophysiology
and to look for the biologically active compounds possessing
intrinsic antioxidant activity therein.

The crude aqueous fraction of P. niruri possesses antioxidant
activity, and intraperitoneal administration of the same amount
of extract showed better action than did oral administration. We,
therefore, conducted the present study for the purification of a pro-
tein molecule possessing antioxidant activity from the aqueous ex-
tract. Primary murine hepatocytes were used for the bioassay
throughout the purification procedure.

With the help of a well-defined bioassay, and following four
steps of purification, we have isolated and purified the protein
(240-fold) to homogeneity. Heat and enzymatic treatments de-
stroyed the biological activity of the protein. SDS–PAGE demon-
strated a single symmetrical band in the region of 35 kDa,
suggesting that the protein is composed of a single polypeptide
chain with an apparent molecular mass of 35 kDa. Its partial amino
acid sequences were obtained from four prominent peptide frag-
ments by MALDI-TOF as well as LC–MS analyses. Several different
forms of the CXTFQQR peptide were identified (Table 2), including
the carbamidomethylated, acrylamide and cyclised carbamidome-
thylated C forms. The peptide with a mass of 1104 Da has an addi-
tional mass of 209 Da that is either a modification of the C residue
or additional N-terminal sequence or both. The peptide with a
mass of 1332 Da has the sequence PNXDPTYAATXR and corre-
sponds to the C-terminal portion of the larger pep-
tide. . .. . .. . ...SDNPDPNXDPTYAATXR (2392 Da). The 1332 Da
peptide is a non-tryptic peptide in which cleavage occurs at the
D–P bond. The full length peptide has a molecular weight of
2392 Da, and the N-terminal portion of this peptide could not be
determined. This peptide undergoes a prominent neutral loss of
146 Da from both the precursor ion and sequence specific ions,
suggesting that this peptide is modified and this modification oc-
curs on the unknown N-terminal portion of the sequence. At this
stage, the antioxidant protein of the herb could be considered as
unique, as none of the sequences of tryptic peptides showed simi-
larities to those present in the database.

The role of protein molecules in drug- and toxin-induced oxida-
tive stress is not clearly defined. In fact, very little information is
available in the literature in this regard. A few articles, published
very recently (Lee, Oh, Ko, Lim, & Lim, 2006; Oh & Lim, 2006;
Sivapriya & Srinivas, 2007; Tsoi, Ng, & Fong, 2005), have revealed
that some protein molecules from various plant sources possess
activities like our protein, although these reports do not describe
any mechanism of protective action or structural features of the ac-
tive principles. We have also isolated and partially characterised
another protein molecule of this type from the herb Cajanus indicus
(Sarkar, Ghosh, Kinter, Mazumder, & Sil, 2006). However, this mol-
ecule does not have any primary structural similarity to this novel
protein (PNP) isolated from P. niruri, despite functionally sharing
many similar activities.

Oxidative stress inducers (e.g. TBHP) could cause a significant
increase in the rate of formation of ROS, such as superoxide anion
radical (O�2 ), hydroxyl radical (OH) and hydrogen peroxide (H2O2).
These could also cause enhanced lipid peroxidation and oxidation
of proteins as well as of DNA. Intracellular defence systems consist-
ing of antioxidant enzymes SOD, catalase, GST, GR and GPx, along
with integral antioxidant molecules, GSH and its metabolites, e.g.
oxidised glutathione (GSSG), on the other hand, inhibit that stress.
The antioxidant enzyme SOD quenches O�2 by converting it into O2

and H2O2 (Fridovich, 1972), and catalase converts H2O2 into H2O
and O2 with the help of another enzyme, GST (Jones & Suggett,
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1968). GSH interacts with residual free radicals escaping decompo-
sition by the antioxidant enzymes and is consequently converted
into its metabolite GSSG.

Our experimental findings show that TBHP administration in-
creased the lipid peroxidation and decreased the level of GSH. This
phenomenon leads to depletion of the activities of antioxidant en-
zymes, e.g. catalase, in hepatocytes. Protein pretreatment, how-
ever, could prevent all these alterations. In addition, we found
that TBHP induced a significant reduction in cellular antioxidant
power (as indicated by lower FRAP value than that of the normal
control). Treatment with the protein increased the same by
enhancing the FRAP value compared to the toxin control. Recently,
different laboratories (Bruck et al., 2002; Lu, Huang, Yang, & Tsuka-
moto, 1999; Schreck, Albermann, & Baeuerle, 1992) have reported
that antioxidative agents could suppress the activation of NF-jB, a
ubiquitous transcription factor, and these are activated in
pathophysiological conditions, e.g. ROS generation. Since the
35 kDa protein could reduce ROS generation and enhance intracel-
lular antioxidant power, it is likely that it would also reduce the
NF-jB activation by scavenging the ROS or by engulfing the ROS-
producing substrate (TBHP) during its protective action. Future
studies on the effect of the protein on NF-jB activation will
address this issue and may help to elucidate its mechanism of anti-
oxidant action. Besides antioxidant activity, this protein molecule
shows cytoprotective activity by preventing the cell membrane
damage induced by TBHP.

In conclusion, the 35 kDa protein molecule isolated from the
herb P. niruri shows antioxidant as well as cytoprotective activities
in hepatocytes, although the mechanism of its protective action is
not clearly known. Further studies are, therefore, necessary to fully
characterise this active principle, both structurally and function-
ally, to arrive at a clear picture of its role as an antioxidant mole-
cule. These are currently in progress.
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