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Abstract

Background: Parthenium hysterophorus L. (Asteraceae) is a common weed occurring throughout the globe. In
traditional medicine its decoction has been used for treatment of many infectious and degenerative diseases. This
work was therefore designed to assess the phytochemical constitution of P. hysterophorus flower and root extracts
and to evaluate their reducing power, radical scavenging activity as well as protective efficacy against membrane
lipid damage.

Methods: Dried flower and root samples were sequentially extracted with non-polar and polar solvents using
Soxhlet apparatus. The phytochemical screening was done using standard chemical methods and thin layer
chromatography. Total phenolic content was determined spectrophotometrically. Reducing power and hydroxyl
radical scavenging activity assays were used to measure antioxidant activity. Protection against membrane damage
was evaluated by inhibition of lipid peroxidation (TBARS assay) in rat kidney homogenate.

Results: Flavonoids, terpenoids, alkaloids and cardiac glycosides were present in all the extract. The total phenol
contents in flower and root extracts were found to be in the range 86.69-320.17 mg propyl gallate equivalent
(PGE)/g and 55.47-253.84 mg PGE/g, respectively. Comparatively better reducing power was observed in hexane
fractions of flower (0.405) and root (0.282). Benzene extract of flower and ethyl acetate fraction of root accounted
for appreciable hydroxyl radical scavenging activity (75-77%). Maximum protection against membrane lipid
peroxidative damage among flower and root extracts was provided by ethanol (55.26%) and ethyl acetate (48.95%)
fractions, respectively. Total phenolic content showed positive correlations with reducing power and lipid
peroxidation inhibition (LPOI) % in floral extracts as well as with hydroxyl radical scavenging activity and LPOI % in
root extracts.

Conclusion: Study established that phytochemicals present in P. hysterophorus extracts have considerable
antioxidant potential as well as lipo-protective activity against membrane damage.
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Background
Phytochemicals function as antioxidants and react with
free radicals to combat oxidative stress. Excessive free
radicals are generated in body due to unbalanced oxi-
dants and antioxidants ratio which results into oxidative
stress. Antioxidants scavenge and control the formation
of free radicals thereby preventing oxidative damage to
cellular components arising as a consequence of chem-
ical reactions involving reactive oxygen species (ROS)
[1,2]. Most of the antioxidants isolated from higher
plants are polyphenols [3,4]. Evaluation of polyphenols
and antioxidant activity of herbal products has become
important tool to understand the medicinal property of
plants. The antioxidant activity of phenolics is mainly
due to their redox properties, which allow them to act
as reducing agents, hydrogen donors, and singlet oxygen
quenchers. In addition, they have a metal chelation po-
tential. Polyphenols have carbon-based aromatic phenyl-
ring compounds which are easily oxidized to quinones
by ROS, a property that helps account for their free
radical scavenging capacity. Phenolic compounds also
possess potentially beneficial lipoxygenase inhibitory
property [5].
In recent years study of lipid per-oxidation (LPO) is

attracting much attention due to its role in disease pro-
cesses. Having polyunsaturated fatty acids, membrane
lipids are more likely prone to LPO. The membrane
damage disrupts the functioning of the cell and its sur-
vival thus maintenance of its integrity is of greater im-
portance. Lipid per-oxidation has been implicated in the
pathogenesis of a number of diseases [6]. Aldehyde and
other by-products of LPO are involved in physiological
and pathological conditions of liver, kidney and brain
toxicity [7,8]. Several other toxic by-products of LPO
damage biomolecules away from the site of generation
[9]. Removal of excess reactive species, suppression of
their generation or protection against per-oxidation by
repair of membrane damage may be an efficient way of
preventing diseases. Agents that can interact with these
secondary radicals formed during per-oxidation and
scavenging them, would be effective in inhibiting LPO
and in turn protect against free radical induced damage.
Recent research has confirmed that antioxidants are the
most effective tools to eliminate free radicals which
cause oxidative stress and are possible protective agents
that protect the cells from ROS and retard the progress
of many diseases as well as lipid peroxidation [10].
Parthenium hysterophorus L. (Asteraceae), also known

as congress grass, is an invasive weed throughout India
and world. It is an aggressive colonizer of wastelands,
pastures and roadsides in India. It suppresses yield of
agricultural crops up to 50%-55% (>5-10 million rupees
per annum) by competing strongly with their growth as
well as contaminating the grain samples and a 90%-92%
reduction in forage production (1–2 million rupees per
annum) in India [11]. All parts of the plant are reported
to be used as bitter tonic, febrifuge, emmenagogue,
antidysenteric etc. [12]. In Maharashtra and Gujarat
(India) the plant is used in the treatment of diabetes
mellitus [13]. The plant has also been reported to have
antibacterial [14] and anti tumor activity [15]. Therefore,
the aim of present study was to evaluate chemical com-
position, assessment of antioxidant and bio-membrane
protective activities of P. hysterophorus flower and
root extracts.

Methods
Chemicals
Ethylene diamine tetra acetic acid (EDTA), ascorbic acid,
trichloroacetic acid (TCA), dimethyl sulfoxide (DMSO),
ferrozine, ferrous ammonium sulfate, propyl gallate,
butylated hydroxyl anisole (BHA), butylated hydroxy
toluene (BHT) were purchased from Himedia Laborator-
ies Pvt. Ltd. (India). Folin-Ciocalteau reagent (FCR), po-
tassium ferricyanide, silica gel-G were procured from
Merck India. The remaining chemicals and solvents used
were of standard analytical grade.

Plant material and preparation of extracts
P. hysterophorus flower (PHF) and root (PHR) samples
were collected during May 2010 from Science Faculty
Campus, University of Allahabad, Allahabad, India. Iden-
tification of the plant was confirmed by Prof. D. K.
Chauhan, Department of Botany, University of Allah-
abad and a voucher specimen has been deposited in the
departmental herbarium (AU/BCH/AKP/07). The shade-
dried plant samples were crushed and ground into fine
powder using mortar and pestle. Powdered samples were
sequentially extracted with hexane (HX), benzene (BZ),
chloroform (CH), ethyl acetate (EA), acetone (AC), ethyl
alcohol (ET) and water (AQ) in a Soxhlet apparatus
for 6-8h [16]. The extracts were centrifuged and fil-
tered. Solvent was removed completely under reduced
pressure and dried residues were dissolved in DMSO
or in respective solvents for determination of bio-
chemical activities.

Phytochemical screening
Various phytoconstituents viz., tannins, flavonoids, ter-
penoids, cardiac glycosides, anthraquinones, reducing
sugars, alkaloids, phlobatannins and saponins present in
PHF and PHR fractions were identified by using stand-
ard protocols [17-19].

Thin layer chromatography (TLC)
TLC plates coated with silica gel G were prepared, dried
and activated at 110°C for 90 min followed by cooling.
The extracts were dissolved in respective solvents and
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spots were applied with the help of fine capillary tubes.
A mixture of chloroform-ethyl acetate-formic acid
(163:63:25) was used as the solvent system after several
trials. The phytoconstituents were visualized as bands on
chromatogram and retardation factor (RF value) was cal-
culated. The chromatogram was developed with spraying
of FCR (1:1 in water) to identify the bluish bands having
phenolic contents.

Preparation of kidney homogenate
The kidney was isolated from normal albino Wistar rats
and 10% (w/v) homogenate was prepared in phosphate
buffer (0.1 M, pH 7.4 having 0.15 M KCl) using
homogenizer (REMI motors Ltd., India) at 4°C. The
homogenate was centrifuged at 800 g for 15 min and
clear cell-free supernatant was used for the study of
in vitro lipid per-oxidation (LPO) as an indicator of
membrane damage.

Determination of total phenolics
Total phenolic content in extract fractions was deter-
mined according to the protocol [20,21] with some mod-
ifications [16]. Modification included dissolution of
extracts in DMSO instead of water. 0.2 ml of sample
(2mg/ml in DMSO) was diluted to 3 ml with water.
Small amount (0.5 ml) of two-fold-diluted FCR was
added and the contents were mixed. After 3 min, 2 ml
of 20% sodium carbonate solution was added and the
tubes were placed in boiling water bath for one min
followed by cooling. The absorbance was measured at
650 nm against a reagent blank using spectrophotometer
(Visiscan 167, Systronics). The concentration of phenols
in the test samples was expressed as mg propyl gallate
equivalents/g sample (mg PGE/g). The estimation was
performed in triplicate, and the results were expressed
as mean ± SD.

Hydroxy radical scavenging activity (HRSA)
HRSA of extracts was determined by the method of
Klein et al. [22]. Aliquots of extracts (100 μl) were taken
in different test tubes. One milliliter of Fe–EDTA solu-
tion (0.13% ferrous ammonium sulfate and 0.26%
EDTA), 0.5 ml of 0.018% EDTA and 1 ml of 0.85% (v/v)
DMSO (in 0.1M phosphate buffer, pH 7.4) were added
to the test tubes, followed by 0.5 ml of 0.22% (w/v) as-
corbic acid. The tubes were capped tightly and incubated
on a water bath at 85°C for 15 min. After incubation test
tubes were uncapped and 1 ml of ice-cold TCA (17.5%
w/v) was added immediately. Three milliliters of Nash
reagent (7.5 g of ammonium acetate, 3 ml glacial acetic
acid and 2 ml acetyl acetone were mixed and made up
to 100 ml with distilled water) was added to all the tubes
and incubated further at room temperature for 15 min.
Absorbance was measured at 412 nm. BHT was used as
standard compound for comparison. Percentage (%)
HRSA was calculated by the following formula:

%HRSA ¼ A0 � A1=A0½ � � 100

Where A0 is absorbance of the control and A1 is that
of the individual samples or standard (s).

Reducing power assay
The reducing power of test extracts was determined by
the methods of [23,24] with slight modifications [25].
One ml aliquots of extracts (200–1000 μg/ml) prepared
in DMSO was taken in test tubes. To each test tube 2.5
ml of phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of 1%
potassium hexacyanoferrate (K3Fe (CN)6) were added
and contents were mixed. Tubes were incubated at 50°C
in a water bath for 20 min. The reaction was stopped by
adding 2.5 ml of 10% TCA and then centrifuged at
4000 g for 10 min. One ml of the supernatant was mixed
with 1 ml of distilled water and 0.5 ml of FeCl3 solution
(0.1%, w/v) and kept at 25°C for 2 min. The absorbance
was measured at 700 nm. The ascorbic acid was used as
positive control. All the tests were run in triplicate and
results were reported as mean± SD.

TBARS assay (Lipid per-oxidation Inhibition assay)
The lipo-protective efficacy of extracts in albino Wistar
rat kidney homogenate was estimated by the method
of [26] using some modification [27]. 100 μl extracts
(2 mg/ml) dissolved in respective solvents were taken
in test tubes and evaporated to dryness followed by
addition of 1 ml KCl (0.15M) and 0.5 ml of kidney hom-
ogenate. Per-oxidation was initiated by adding 100 μl
FeCl3 (0.2 mM). After incubation at 37°C for 30 min, lipid
peroxidation was monitored by the formation of
thiobarbituric acid reactive substances (TBARS). TBARS
were estimated by adding 2 ml of ice-cold hydrochloric
acid (0.25 N) containing 15% TCA, 0.38% TBA and 0.5%
BHT. The reaction mixture was incubated at 80°C for 1 h
then cooled and centrifuged. The absorbance of the pink
supernatant (malondialdehyde formed by the lipid per-
oxidation product and TBA complex) was measured at
532 nm. BHA was used as standard for comparison. All
analyses were carried out in triplicate and results were
expressed as mean ± SD. The protective effect of different
extracts against lipid peroxidation (% LPOI) was calcu-
lated by using the following formula:

LPOI %ð Þ ¼ 1−AS=AC½ � � 100

Where AC is the absorbance of control and AS is the
absorbance of the standards or samples.
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Statistical analysis
All the experiments were performed in triplicate and re-
sults were expressed as mean ± SD. The graphs were
plotted using Graph pad prism software. Linear regres-
sion analysis was performed to quote correlation coeffi-
cients between different parameters using Microsoft
office excel 2007.

Results
Phytochemical analysis
Results of phytochemical screening are shown in Table 1.
All the extracts tested positive for flavonoids, terpenoids
and alkaloids. HX fractions of flower and roots were de-
void of cardiac glycosides. Anthraquinone was present in
all PHR fractions while among PHF extracts it was
present in BZ, CH and AQ fractions only. Phlobatannins
and saponins showed similar pattern of distribution
among root extracts. Other phytochemicals did not pro-
duce uniform distribution.

Thin layer chromatography
Several bands were observed during partitioning of
extract components with solvent system (chloro-
form:ethylacetate:formic acid) indicating separation of
phytoconstituents depending on polarity. After spraying
FCR, phenolics were identified as bluish bands (Figure 1)
on chromatogram. PHF extracts accounted for more di-
versity of phytochemicals than PHR extracts. RF values
of the bands are shown in Table 2.

Total phenolic content
Total phenolic contents in extracts are depicted in
Table 3. Polar fractions in general accounted for appre-
ciable phenolic contents. The phenolics ranged between
86–320 and 55–253 mg PGE/g, respectively in PHF
Table 1 Phytochemical investigation of P. hysterophorus
flower and root extracts

Phytochemicals HX BZ CH EA AC ET AQ

f /r f /r f /r f /r f /r f /r f /r

Tannins −/− −/− +/− +/− +/− +/− +/+

Flavonoids +/+ +/+ +/+ +/+ +/+ +/+ +/+

Terpenoids +/+ +/+ +/+ +/+ +/+ +/+ +/+

Cardiac glycosides −/− +/+ +/+ +/+ +/+ +/+ +/+

Anthraquinones −/+ +/+ +/+ −/+ −/+ −/+ +/+

Reducing sugars +/− −/+ +/− +/+ +/+ +/+ +/−

Alkaloids +/+ +/+ +/+ +/+ +/+ +/+ +/+

Pholobatannins +/− −/+ −/− +/+ −/+ −/− +/+

Saponins −/− +/+ −/− −/+ −/+ −/− +/+

Abbreviations: HX hexane, BZ benzene, CH chloroform, EA ethyl acetate, AC
acetone, ET ethanol, AQ water. The signs (+ or -) before and after the slash
indicate presence or absence of phytoconstituents in flower (f) and root (r)
extracts, respectively.
and PHR extracts. The ET fractions of flower and
root exhibited higher phenolic contents with values
320.17±0.65 and 253.84±0.41 mg PGE/g, respectively.
The decreasing order of contents in PHF extracts was
ET, AC, AQ, CH, BZ, EA and HX while in PHR ex-
tracts the order was ET, EA, AQ, CH, AC, BZ and
HX, respectively.
Reducing power assay
Reducing potential of extracts was determined at differ-
ent concentrations (200–1000 μg/ml). The results are
shown in Figures 2 and 3, respectively. Comparatively
better activity was observed in flower extracts. Reducing
power increased with the increasing concentration of ex-
tracts. Among PHF fractions appreciable activity was
found in HX followed by CH and other extracts. HX
produced about 65% reducing power (0.405) as com-
pared with the activity of BHT (0.619) while rest of the
extracts accounted for about 50-59% activity at highest
test concentration (Figure 2). However activities of HX
and other extracts in comparison with standard com-
pound at different concentrations (400–800 μg/ml) were
found in the range 74-83% and 43-69%, respectively.
Reducing power of PHR extracts at all test concentra-
tions was lower than the activities of PHF extracts
(Figure 3). The activity index of root extracts was found
to be 37-61% with respect to the activity of BHT.
Hydroxyl radical scavenging activity
Radical scavenging potential of flower and root extracts
was determined in the concentration range 80–200 μg/
ml and results are shown in Tables 4 and 5, respectively.
Activities of most of the PHF extracts were comparable
to the activities of BHT with few exceptions (CH and
EA). An increasing trend in radical scavenging activity
was observed with increasing concentration of all the
extracts. The %HRSA values for most of the PHF
extracts at a concentration of 200 μg/ml ranged between
70-78% except EA and CH (about 50%). Potential PHF
extracts at all test concentrations demonstrated activity
greater than 50% and exhibited dose dependent response
(Table 4).
Similar activity was also observed with PHR extracts.

Appreciable activity was found in polar fractions at all
the concentrations (Table 5). At 200 μg/ml, PHR extracts
showed comparatively better activity viz., EA (74%), AC
(69%), ET (68%) and AQ (71%). The observed activity of
polar extracts at test concentrations was in the range
48-75%. Notable activity (43-64%) was also recorded in
some of the non-polar fractions (BZ, HX and CH) at
160 and 200 μg/ml concentrations. Scavenging activity
of PHF and PHR extracts were comparable to the activ-
ity shown by standard antioxidant BHT. The hydroxyl



Figure 1 Thin layer chromatogram of P. hysterophorus extracts. (A) Flower and (B) Root extracts. The extracts dissolved in respective solvents
were chromatographed in solvent system containing chloroform (163): ethyl acetate (63): formic acid (25) followed by spraying of FCR for
visualization of phenolic contents. Arrows indicate phenolic spots. Numbers indicate specific extracts (1-hexane, 2-benzene, 3-chloroform, 4-ethyl
acetate, 5-acetone, 6-ethyl alcohol, 7-aqueous extracts).

Table 3 Total phenolic content in P. hysterophorus flower
and root extracts
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radical scavenging potential of BHT ranged between
44-80% at test concentrations.

Lipid per-oxidation inhibition as a marker of bio-membrane
protection
Membrane protective efficacy of extracts in rat kidney
tissue was assayed and % LPOI are shown in Figures
4 and 5. Among PHF extracts EA and ET fractions
accounted for about 55% protection against membrane
per-oxidative damage while %LPOI observed with other
extracts was less than 36% (Figure 4). Similarly EA and
ET fractions of PHR also showed comparatively better
efficacy (Figure 5). The % LPOI for these fractions
was about 49% and 38%, respectively while rest of
the fractions could not provide protection against mem-
brane damage. BHA showed better protective response
(%LPOI about 80%).

Discussion
Natural products continue to be one of the most import-
ant sources of lead compounds for the pharmaceutical
industry. Plants have long been used as an alternative
source for medicines and remedy for treating human
Table 2 Rf values of phenolic spots on thin layer
chromatogram of P. hysterophorus flower and root
extracts

Bands Extracts

HX BZ CH EA AC ET AQ

Flower 1 0.43 0.40 0.60 0.63 0.58 0.28 0.00

2 - - 0.72 - -

Root 1 0.41 0.93 0.99 0.45 0.41 0.41 0.00

2 - - - 0.96 0.60 0.73 -

Abbreviations: HX hexane, BZ benzene, CH chloroform, EA ethyl acetate,
AC acetone, ET ethanol, AQ water.
diseases [28]. Present work describes the phytochemical
characterization of various P. hysterophorus flower and
root extracts, TLC profiling and antioxidant effects of
extracts including membrane protective activity. Differ-
ences in the chemical constitution were observed in
phytochemical screening of the test samples. Ubiquitous
distribution of flavonoids, terpenoids, cardiac glycosides
and alkaloids was found in PHF and PHR extracts. Rest
of the phytoconstituents showed differential distribution
pattern in polar and non-polar extracts.
Quantitative estimation of phenols in extracts demon-

strated that PHF extracts possess comparatively higher
amount of phenols (Table 3). Phenolic compounds are
important phyto constituents and have potential against
different diseases because of their antioxidant property
[29]. They are known to possess antiviral, anti inflamma-
tory, antiulcer, anti secretary, anti spasmodic, anti diar-
rheal and antitumor activities [30]. Radical scavenging
via hydrogen atom donation by phenols is believed to be
the predominant mechanism of antioxidant action.
Extracts Flower Root

HX 86.69 ±0.88 55.47 ±0.26

BZ 119.24 ±0.41 71.14 ±0.51

CH 162.73 ±0.41 146.95 ±0.37

EA 107.22 ±0.40 230.27 ±0.26

AC 252.75 ±0.41 80.37 ±0.55

ET 320.17 ± 0.65 253.84 ±0.41

AQ 216.79 ±.058 159.21 ±0.34

Phenolic are represented as mg PGE/g of extract sample. Values are expressed
as mean ± SD of three replicates. Abbreviations, HX hexane, BZ benzene, CH
chloroform, EA ethyl acetate, AC acetone, ET ethanol, AQ water.
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Figure 2 Reducing power of P. hysterophorus flower extracts.
Extracts were prepared in hexane (HX), benzene (BZ), chloroform
(CH), ethyl acetate (EA), acetone (AC), ethanol (ET) and water (AQ) as
described in materials and methods section. Reducing power was
measured at different concentration of extracts (200–1000 μg/ml).
Butylated hydroxytoluene (BHT) was used as control. The results are
expressed as mean ± SD of three replicates.

Table 4 Hydroxyl radical scavenging activity (%) of P.
hysteroporus flower extracts

Extracts Concentration (μg/ml)

80 120 160 200

HX 56.75 ±1.04 63.07 ±0.72 66.66 ±0.72 70.45 ±1.45

BZ 57.07 ±1.29 66.41 ±0.74 73.66 ±0.70 77.46 ±1.91

CH 34.57 ±1.01 38.41 ±1.15 43.81 ±2.32 55.04 ±1.25

EA 34.33 ±1.35 39.33 ±1.36 44.93 ±0.65 49.73 ±1.36

AC 45.51 ±0.69 54.53 ±1.48 68.44 ±1.28 73.57 ±1.59

ET 50.54 ±1.70 57.30 ±0.94 69.23 ±0.75 73.80 ±1.64

AQ 53.89 ±1.59 58.19 ±1.01 63.20 ±2.10 70.21 ±1.07

BHT 44.61 ±0.64 55.61 ±0.96 62.80 ±2.43 80.35 ±1.13

Values are expressed as mean ± SD of three replicates. Abbreviations, HX
hexane, BZ benzene, CH chloroform, EA ethyl acetate, AC acetone, ET ethanol,
AQ water, BHT Butylated hydroxyl toluene.
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Other established mechanisms involve radical complex-
ation of pro-oxidant metals as well as quenching through
electron donation and singlet oxygen quenching. In our
study it was observed that extracts possessing higher phen-
olic contents exhibited better biological activities. Several
studies on total phenolic content had been published over
the years demonstrating its importance in the medicinal
field [27,31].
Flavonoids are a group of polyphenolic substances

present in most plants and are responsible for various
biochemical and antimicrobial activities [32]. Alkaloid
content of the plants has been reported to produce anti-
oxidant, anti-inflammatory and analgesic action [33].
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Figure 3 Reducing power of P. hysterophorus root extracts.
Extracts were prepared in HX, BZ, CH, EA, AC, ET and AQ as
described in materials and methods section. Reducing power was
measured at different concentration of extracts (200–1000 μg/ml).
BHT was used as control. The results are expressed as mean ± SD of
three replicates.
Anthraquinones are wildly distributed in PHR extracts.
Studies on other plants have also documented its
higher concentration in roots [34,35]. Anthraquinones
possess antioxidant [36] and anticancer properties
[37]. Tannins and phlobatannins have been reported to
have wound healing properties [38]. The biological im-
portance of compounds such as saponins and cardiac
glycosides has been well documented [39]. So the pres-
ence of various phytoconstituents in PHF and PHR ex-
tracts (Table 1) could be correlated with different types
of biological activities.
Chromatogram developed with FCR showed several

bluish bands indicating phenolic contents (Figure 1A
and B). Many bands having similar Rf values
(Table 2) were observed in different extracts of PHF
and PHR suggesting presence of compounds having
similar polarity.
Reducing power assay is based on the reduction of a

Fe3+ complex to its Fe2+ form in the presence of
antioxidants acting as electron donor [40,41]. Higher
Table 5 Hydroxyl radical scavenging activity (%) of P.
hysterophorus root extracts

Extracts Concentration (μg/ml)

80 120 160 200

HX 25.66 ±1.03 30.55 ±1.02 46.41 ±0.80 63.52 ±0.76

BZ 0.82 ±1.23 25.47 ±1.89 43.03 ±1.32 56.15 ±1.07

CH 20.35 ±1.75 34.33 ±1.68 46.97 ±0.59 63.83 ±1.57

EA 47.84 ±1.24 58.52 ±0.96 64.07 ±1.23 74.79 ±1.31

AC 56.62 ±1.33 60.93 ±0.50 64.21 ±1.09 69.28 ±0.91

ET 56.16 ±0.95 60.87 ±0.75 63.47 ±1.66 68.97 ±0.44

AQ 61.99 ±1.28 65.01 ±0.54 68.44 ±0.54 71.57 ±1.26

BHT 44.61 ±0.64 55.61 ±0.96 62.80 ±2.43 80.35 ±1.13

Values are expressed as mean ± SD of three replicates. Abbreviations, HX
hexane, BZ benzene, CH chloroform, EA ethyl acetate, AC acetone, ET ethanol,
AQ water; BHT Butylated hydroxyl toluene.
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Figure 4 Lipo-protective efficacy of P. hysterophorus flower
extracts in tissue (rat kidney) homogenate. Percent lipid per-
oxidation inhibition (% LPOI) activity of flower extracts (BZ, EA, ET
and AQ) at a concentration of 2 mg/ml was assessed as an indicator
to protect per-oxidative damage of membrane lipids in rat kidney
homogenate. Butylated hydroxylanisole (BHA) was used as control.
The results are expressed as mean ± SD of three replicates.

Table 6 Relationship among TPC, RP, %HRSA and %LPOI
of P. hysterophorus flower and root extracts

RP %HRSA % LPOI

TPC Flower (+)/ r2 = 0.127 (−)/ r2 = 0.197 (+)/ r2 = 0.040

Root (−)/ r2 = 0.183 (+)/ r2 = 0.424 (+)/ r2 = 0.689

% LPOI Flower (+)/ r2 = 0.743 (+)/ r2 = 0.341 -

Root (+)/ r2 = 0.011 (+)/ r2 = 0.339 -

%HRSA Flower (+)/ r2 = 0.123 - -

Root (−)/ r2 = 0.054 - -

Signs in parentheses indicates positive (+) and negative (−) correlations.
Abbrevations: TPC total phenolic content, RP reducing power, HRSA hydroxyl
radical scavenging assay, LPOI lipid peroxidation inhibition,
r2-regression coefficient.
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absorbance values indicated higher reducing power of
extracts [25]. The experimental data (Figures 2 and 3)
obtained in the present work showed marked reducing
power in some of the extracts. Dose dependent activity
of the extracts is further substantiated by the reports
on other plants [42]. Total phenolic content in PHF
and PHR extracts showed positive correlation with re-
ducing power (Table 6). Thus the reducing activity of
potential test extracts could be attributed to the pres-
ence of polyphenols [27], which may act in a similar
fashion as reductones by donating the electrons and
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Figure 5 Lipo-protective efficacy of P. hysterophorus root
extracts in tissue (rat kidney) homogenate. % LPOI activity of
root extracts (BZ, EA, ET and AQ) at a concentration of 2 mg/ml was
assessed as an indicator to protect per-oxidative damage of
membrane lipids in rat kidney homogenate. BHA was used as
control. The results are expressed as mean ± SD of three replicates.
reacting with free radicals to convert them to more
stable product [21].
In cell metabolism the hydroxyl radical (.OH) is the

most reactive product of ROS formed by successive 1-
electron reduction of molecular oxygen (O2). Hydroxyl
radicals are primarily responsible for the cytotoxic ef-
fects in aerobic organisms [43]. These are generated in
biological systems from H2O2 by the Fenton reaction.
Results showed (Tables 4 and 5) that most of the frac-
tions of PHF and PHR extracts have appreciable poten-
tial to scavenge the hydroxyl radical. Similar studies have
been performed and reported on the protection from
hydroxyl radical by different medicinal plants, thereby
confirming antioxidant properties [44,45]. Hence, P.
hysterophorus extracts can be used to minimize the ad-
verse effects from the hydroxyl radicals. A negative cor-
relation was observed for %HRSA with total phenolic
content (r2=0.197) and positive correlation with reducing
power (r2=0.123) of PHF fractions (Table 6). In PHR ex-
tracts positive correlation was observed between %
HRSA and phenolic content (r2=0.424) while it was
negative with reducing power (r2=0.054). Olabinri and
his coworkers (2010) have also reported the negative
correlation between the total phenolic content and %
HRSA [46].
The short lived hydroxyl radicals are assumed to be

more destructive to biomolecules because they are lo-
cated less than a few nanometers from the site of gener-
ation [47]. Hydroxyl radicals have ability to interact with
the purine and pyrimidine bases of DNA. It can abstract
hydrogen atoms from biological molecules, including
thiols, which leads into the formation of sulfur radicals
capable to combine with oxygen to generate oxy-sulfur
radicals [48]. Oxidative attack of hydroxyl radicals gen-
erated from Fenton reaction on deoxy-ribose produces
malondialdehyde (MDA) and similar substances [49].
A characterized biologic damage by hydroxyl radical is
its capacity to stimulate LPO, which occurs when OH
radical is generated close to membranes and attacks



Kumar et al. BMC Complementary and Alternative Medicine 2013, 13:120 Page 8 of 9
http://www.biomedcentral.com/1472-6882/13/120
the fatty acid side chains of the membrane phospho-
lipids [48].
Lipid per-oxidation is a natural metabolic process

under normal aerobic conditions and it is one of the
most investigated consequences of ROS action on
membrane structure and function. Polyunsaturated
fatty acids (PUFA), the main components of membrane
lipids, are susceptible to per-oxidation. Hydroxyl radi-
cals and singlet oxygen can react with the methylene
groups of PUFA forming conjugated dienes, lipid per-
oxy radicals (LOOP) and hydro-peroxides (LOOH)
[50]. Formation of conjugated dienes involves re-
arrangement of bonds [51]. The lipid hydro-peroxides
produced can undergo reductive cleavage by reduced
metals such as Fe2+. and produces lipid alkoxyl radical
which can initiate additional chain reactions [52]. The
final stable products of per-oxidation are aldehydes
which react with TBA to form thiobarbituric acid–
malonaldehyde adduct with an absorbance maximum
at 532 nm. In our studies presence of various P.
hysterophorus extracts in LPOI in vitro model led to
reduction of adduct formation indicating their lipo-
protective potential. Other authors have revealed find-
ings which are in agreement with our reports [53]
while evaluating the protective effect of medicinal
plants against membrane damage. This activity could
be attributed to the hydroxyl radical scavenging by
phytochemicals present in potent extracts. Moreover
reducing power and chelation of metal ion could also
be responsible for providing membrane protective effi-
cacy in extracts.
Phenolics are a group of non-essential dietary compo-

nents and their hydrogen donating property is respon-
sible for the inhibition of free radical induced LPO
[54,55]. A positive correlation was found between total
phenolic content and % LPOI of PHF (r2= 0.040) as well
as PHR (r2= 0.689) extracts. Similarly positive correl-
ation was observed among %LPOI, reducing power and
%HRSA of flower and root extracts (Table 6). The
correlation index shows that phenolics are mainly re-
sponsible for producing lipo-protective activity in PHR
extracts. In addition other non-phenolic phytochemicals
present in extracts might also be involved in imparting
some degree of membrane protection. Thus phenolic
contents present in the PHF and PHR extracts could be
accountable for their antioxidant and membrane pro-
tective activity.
Conclusion
P. hysterophorus possess potential to neutralize the free
radical induced oxidative damage. The work established
considerable antioxidant and lipo-protective activity in
various extracts. The study provides a step forward for
further researches leading to development of antioxidant
compounds of natural origin.
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