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Abstract

Background: Sonchus asper (SA) is traditionally used for the treatment of various ailments associated with liver,
lungs and kidneys. This study was aimed to investigate the therapeutic potential of nonpolar (hexane, SAHE; ethyl
acetate, SAEE and chloroform, SACE) and polar (methanol, SAME) crude extracts of the whole plant.

Methods: To achieve these goals, several parameters including free-radical (DPPH•, ABTS•+, H2O2 and
•OH)

scavenging, iron chelating activity, scavenging of superoxide radicals, total flavonoids and total phenolic content
(TPC) were examined.

Results: The SA extracts presented a remarkable capacity to scavenge all the tested reactive species with IC50
values being found at the μg ⁄ ml level. The SAME was shown to have the highest TPCs while lowest IC50 values
for the DPPH•, ABTS•+ radical scavenging capacities and iron chelating scavenging efficiency, moreover, SAME had
best activities in scavenging of superoxide radicals and hydrogen peroxide as well as potently scavenged the
hydroxyl radicals.

Conclusion: These results suggest the potential of S. asper as a medicine against free-radical-associated oxidative
damage.
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Background
Sonchus asper (Compositae) is used in the treatment of
wound healing and possesses anti-burning properties
[1]. It has diuretic, refrigerant, sedative and antiseptic
properties, used in the treatment of cough, bronchitis
and asthma [2], tonsils [3], kidney inflammation [4],
erectile dysfunction in male [5], fever, constipation, dia-
betes, scabies and heart diseases [6]. Chemical studies of
the SA revealed the presence of ascorbic acid, carote-
noids and fatty acids [7].
Phenolic compounds which are secondary metabolites

in plants are one of the most widely occurring groups of
phytochemicals that exhibit antiallergenic, antimicrobial,
antiartherogenic, antithrombotic, antiinflammatory,
vasodilatory and cardioprotective effects [8,9]. Due to

the presence of the conjugated ring structures and
hydroxyl groups; many phenolic compounds have the
potential to function as antioxidants by scavenging or
stabilizing free radicals involved in oxidative processes
through hydrogenation or complexing with oxidizing
species that are much stronger than those of vitamins C
and E [10]. Tannic acid, quercetin and catechin were
reported earlier in SA [11], and could therefore; contri-
bute to antioxidant activities [7]. With increasing recog-
nition of herbal medicine as an alternative form of
health care, screening of medicinal plants for biologically
active compounds has become an important source of
antibiotic prototypes and cancer-related drugs [7].
Hence, for selecting crude plant extracts with potential
useful properties, in vitro screening methods have been
used for further in-depth chemical elucidation and phar-
macological investigations [12]. Based on the traditional
claims surrounding SA and the lack of scientific studies
of its potential pharmacological properties, the objective
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of this study was to evaluate the antioxidant activity
through direct free radical scavenging methods and also
elucidate total phenolic content (TPC) and polyphenolic
flavonoids constituents.

Results
Total phenolics, total flavonoids and % yield contents
(TPC)
Content of phenolics compounds, flavonoids and % yield
contents in SA are exhibited in (Table 1). The % yield
extractions are in descending order of methanol >
chloroform > ethyl acetate > n-hexane showing that
methanol possesses a significant high amount of % yield
contents. Table 1 also summarized that methanolic
extract have the highest total phenolic (P < 0.01) (332 ±
1.53 mg GAE/g dry extract) and (11.4 ± 0.45 mg rutin/g

dry extract) in comparison with other fractions of SA
extract.

DPPH scavenging activity
Different fractions of SA for free radicals of 1, 1-diphenyl
1-2-picryl-hydrazyl (DPPH) showed remarkable scaven-
ging activities (Figure 1) and Table 2. SAME showed the
highest scavenging activity (lowest IC50; 2.5 ± 0.05) fol-
lowed by SACE, SAEE and SAHE. DPPH scavenging
activity was significantly correlated with phenolics (P <
0.01, r2 = 0. 9762) with the TPC and flavonoids (P < 0.01,
r2 = 0. 8843) in different extracts (Table 3).

Superoxide radical scavenging activity
Superoxide (O2

•-) radical is known to be very harmful to
cellular components as a precursor of the more reactive
oxygen species, contributing to the tissue damage and
various diseases. SAME (57.34 ± 3.21 μg/ml) possessed
the most potent superoxide activity followed by SACE
(70.2 ± 4.56 μg/ml) with decreasing order of solvent
polarity (Figure 2) and Table 2. A remarkable nonsigni-
ficant correlation (P > 0.01, r2 = 0.6987) was recorded
between TPC of SA and superoxide radical (O2

•-)
scavenging activity and with polyphenolic flavonoids (P
> 0.01, r2 = 0.6765) as shown in Table 3.

ABTS radical assay
Differences for the ABTS•+ (2, 2 azobis-(3-ethylben-
zothiozoline-6-sulphonic acid) radical cation scavenging

Table 1 Total phenolic content in different extracts of SA

Sample Total flavonoids
compounds as rutin
equivalent (mg/g
dry extract)

Total phenolic
compounds as
mg gallic acid
equivalent (GAE
mg/g extract)

% yield
extraction

SAME 11.4 ± 0.45c 332 ± 1.53b 6.4 ± 0.12b

SACE 8.66 ± 1.9b 325 ± 2.3b 3.3 ± 0.2a

SAEE 7.57 ± 0.09b 192 ± 3.0a 2.45 ± 0.32a

SAHE 5.16 ± 0.9a 325 ± 2.3b 3.3 ± 0.2a

Each value in the table is represented as Mean ± SD (n = 3) Means not
sharing the same letter are significantly different (LSD) at P < 0.01 probability
level in each column

Figure 1 DPPH radical scavenging activity of different extracts from the methanol extract of Sonchus asper by different solvents at
different concentrations. Each value represents a Mean ± SD (n = 3) SAHE; SAEE; SACE; SAME and ascorbic acid.
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capacities of each sample and reference compounds,
including ascorbic acid was recorded in this study Table
2. Among various fractions of S. asper; SAME possessed
the highest ABTS radical scavenging activity (53.4 ±
4.21 μg/ml), while SAHE showed the lowest ABTS radi-
cal scavenging activity (90.21 ± 2.8 μg/ml). Significant
and positive correlation of TPCs and flavonoids for
ABTS antioxidant capacity was obtained for various
fractions (P < 0.01, r2 = 0.8821) and (P > 0.01, r2 =
0.7797) as shown in Table 3.

Hydrogen peroxide scavenging activity
Hydrogen peroxide non reactive, but sometimes it can
be toxic to living cells, because in living cell it is con-
verted into free radical called hydroxyl radicals (•OH),
react with biomolecules, cause tissue damage and cell
death. Table 2 shows the IC50 of (

•OH) scavenging effect
by various fractions along with ascorbic acid. SAME
(67.34 ± 3.21 μg/ml) markedly scavenged the free radical
and was most potent than reference chemicals; ascorbic
acid (76.3 ± 2.15 μg/ml respectively. Nonsignificant level
of association (P > 0.05, r2 = 0.1223) and (P > 0.05, r2 =
0.1056) was recorded between the TPC, flavonoids of
different extracts of SA and H2O2 scavenging activity
(Table 3).

Hydroxyl radical scavenging activity
The •OH radical is an extremely reactive in biological
systems and has been implicated as highly damaging
species in free radical pathology, capable of damaging
biomolecules of the living cells. These radical combines
with nucleotides in DNA and cause strand breakage
leading to carcinogenesis, mutagenesis and cytotoxicity.
Hydroxyl radical (•OH) scavenging capacity of an extract
is directly related to its antioxidant activity. SAME was
the most effective (66.8 ± 1.7) for hydroxyl radical
scavenging activity followed by SAEE (79.1 ± 3.9 μg/ml),
SACE (86.3 ± 1.56 μg/ml) and SAHE (115 ± 3.2 μg/ml)
(Table 2). The scavenging activity obtained for ascorbic
acid is 57.2 ± 2.65 μg/ml. Extremely low level of associa-
tion (P > 0.05, r2 = 0.2003) and (P > 0.05, r2 = 0.2060)
was determined between the •OH radical scavenging

activity, TPCs and flavonoids of different extracts shown
in Table 3.

Iron chelating assay
Reduction of the iron ion is an indicator of electron-
donating activity, which is an important mechanism of
phenolic antioxidant action. Yellow color of test solution
changes to various shades of green and blue depending
upon the reducing power of each extract. The presence
of reductant (antioxidants) in the herbal extracts causes
the reduction of Fe3+/Ferric cyanide complex to ferrous
form. Therefore, the Fe2+ complex can be monitored by
measuring the formation of Perl’s Prussian blue. The
IC50 values of iron reduction ability of the SAME,
SACE, SAEE and SAHE are (64 ± 2.12 μg/ml), (87.8 ±
2.56 μg/ml), (100.4 ± 2.21 μg/ml), (110.6 ± 1.67 μg/ml
while that of ascorbic acid have (73.7 ± 3.4 μg/ml)
respectively (Table 2). TPCs and total flavonoids content
of SA were significantly correlated (P > 0.01, r2 =
0.8101) and (P > 0.01, r2 = 0.8101) with the reducing
power (Table 3) respectively.

Discussion
Sonchus asper is used ethnopharmacologically for the
treatment of various complaints. The therapeutic benefit
of medicinal plants is usually contributed to their anti-
oxidant properties. The biochemical investigation
reported that SA constitute of antioxidant compounds

Table 2 IC50 of different extracts of SA for various antioxidant systems

Treatments Iron chelating
activity assay

Super oxide radical
scavenging assay

DPPH radical
scavenging assay
activity

ABTS+ radical
scavenging assay

Hydroxyl
scavenging
assay

Hydrogen peroxide
scavenging assay

SAME 64 ± 2.12a 57.34 ± 3.21a 2.5 ± 0.05a 53.4 ± 4.2a 66.8 ± 1.7a 67.34 ± 3.21a

SACE 87.8 ± 2.56c 70.2 ± 4.56b 3.8 ± 0.2b 74.2 ± 2.6b 86.3 ± 1.56b 80.2 ± 4.56b

SAEE 100.4 ± 2.21d 84.34 ± 1.05d 4.1 ± 0.32b 83.4 ± 1. 5c 79.1 ± 3.9b 70.3 ± 1.5a

SAHE 110.6 ± 1.67e 92.21 ± 2.45d 12.2 ± 1.43c 90.21 ± 2.8c 115 ± 3.2c 92.21 ± 2.45c

ASA 73.7 ± 3.4b 76.3 ± 2.15c 3.61 ± 23b 76.3 ± 2.15b 62.2 ± 2.65a 66.3 ± 2.15a

Each value in the table is represented as Mean ± SD (n = 3) Means not sharing the same letter are significantly different (LSD) at P < 0.01 probability level in
each column

Table 3 Correlations between the IC50 values of
antioxidant activities, phenolics and flavonoids content
of S.asper

Assays (IC50 μg/ml) Correlations R2

Phenolics Flavonoids

DPPH 0.9762b 0.8843b

Iron chelating assay 0.8101b 0.7657a

Super oxide radical scavenging 0.6987a 0.6765b

Hydrogen peroxide scavenging assay 0.1223 0.1056

Hydroxyl radical scavenging activity 0.2003 0.2060

ABTS+ radical scavenging assay 0.8821b 0.7797a

S.asper methanolic extract and its soluble fractions were used in the
correlation. a, b indicate significance at P < 0.05 and P < 0.01 respectively
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such as carotenoids, catechin, rutin, quercetin and other
phenolics [7,11]. Moreover, SA activities against oxida-
tive stress, antibacterial and antitumor were yet to be
explored. Different free-radical generating systems were
used in this study to assess the free-radical scavenging
and reducing properties of the crude polar and non-
polar extracts of SA along with evaluation of the total
phenolic content. Quantitative estimation proved that
the SAME possesses the highest concentration of phe-
nolic compounds in SAME fraction of the extract. Simi-
lar results were described by other studies in the
literature for other extracts of plants [13]. The SA pro-
vided us with plentiful of different sorts of polyphenolic
compounds as an incredible source of antioxidant,
exhibited by the remarkable IC50 values in different
extracts. The observed differential scavenging activities
of the extracts against various systems may be referred
to the different mechanisms of the radical antioxidant
reactions in the different assays. Hagerman et al. [14]
have reported that the high molecular weight phenolics
(tannins) have more abilities to quench free radicals
(ABTS•+) and their effectiveness depends on the mole-
cular weight, the number of aromatic rings and nature
of hydroxyl group’s substitution than the specific func-
tional groups. Free radical (ABTS•+) scavenging activity
of SA extracts might be due to the presence of high
molecular weight phenolics such as catechin, and rutin
derivatives. The SA extracts exhibit remarkable H2O2

and •OH radical scavenging capacity rendering, their
utilization in different ailments associated with oxidative
stress [15,16]. Recent investigations have shown that

many flavonoids and related polyphenols contribute sig-
nificantly to the antioxidant activity of medicinal plants.

Our results revealed that there is a strong and signifi-
cant correlation between TPC and DPPH• free radical
scavenging activity and H2O2 scavenging activity for the
SA extracts, while the other assays have nonsignificant
correlation with the TPC. This could be due to the dif-
ference in the stoichiometry of reactions between the
antioxidant compounds in the extracts and the various
radicals, which may be inferred as a reason for the dif-
ference in their scavenging potential. The diversity in
radical scavenging shown in these assays may also be
due to factors like stereo selectivity of the radicals or
the differential solubility that may be justified in case of
crude extracts, which contain a variety of antioxidants.

Materials and methods
Plant material
Sonchus asper at maturity was collected from District
Bannu (Pakistan), identified and a specimen was sub-
mitted vide voucher # R-147 at Herbarium of Pakistan,
Quaid-I-Azam University Islamabad, Pakistan for future
reference. Aerial parts of plant (leaves, stem, flowers and
seeds) were shades dried at room temperature for two
weeks, chopped and ground mechanically of mesh size 1
mm.

Preparation of plant extracts
For extract preparation, 1.5 kg of dried sample was
extracted twice with 5 litre of 95% methanol at 25°C for
48 h. The extracts were filtrated through Whatman No.

Figure 2 Super oxide radical scavenging activity of different extracts from the methanol extract of Sonchus asper by different solvents
at different concentrations. Each value represents a Mean ± SD (n = 3) SAHE; SAEE; SACE; SAME and ascorbic acid.
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1 filter paper and combined followed by concentration
(SAME) using a rotary evaporator (Panchun Scientific
Co., Kaohsiung, Taiwan) under reduced pressure at 40°
C. A portion of the filtrates (SAME) obtained was sus-
pended in water (50 ml) and n-hexane (100 ml) was
added, shake well, and the layers were allowed to sepa-
rate for 6 h in a separating funnel. N-hexane layer was
separated and evaporated to obtain the n-hexane frac-
tion (SAHE). Similar, protocol was repeated with ethyl
acetate (SAEE) and the remaining solvents, i.e., chloro-
form (SACE). Each of the fractions obtained were dried
using a rotary evaporator. The dry extract obtained with
each solvent was weighed. The percentage yield was
expressed in terms of air dried weight of plant material.

Total phenolic contents
The total phenolic content was determined using the
method [17] with certain modifications. Calibration
curve was prepared by mixing methanolic solution of
gallic acid (1 ml; 0.025-0.400 mg/ml) with 5 ml Folin-
Ciocalteu reagent (diluted ten fold). The mixture was
incubated for 5 min before the addition of sodium car-
bonate (4 ml, 0.115 mg/ml). Absorbance was measured
at 765 nm. 1 ml of plant extracts (SAME, SAHE, SAEE,
SACE) dissolved in respective solvent (0.5-5.0 mg/ml)
was also mixed with the reagents above, and after 2 h
the absorbance was measured to determine total plant
phenolic contents. All determinations were carried out
in triplicate. The total content of phenolic compounds
in the extract was expressed as gallic acid equivalents
(GAE) mg/g of the dry extract.

Determination of the total flavonoids
Total flavonoids content was determined by using a
method described [13]. Briefly, 0.25 ml of each fraction
(1-5 mg/ml; dissolved in respective solvent) and rutin
standard solution (15-250 μg/ml) was mixed with 1.25
ml of distilled water in a test tube, followed by addition
of 75 μl of a 5% (w/v) sodium nitrite solution. After 6
min, 150 μl of 10% (w/v) aluminum chloride solution
was added, and the mixture was allowed to stand for a
further 5 min before 0.5 ml of 1 M NaOH was added.
The mixture was made up to 2.5 ml with distilled water
and mixed well. The absorbance was measured immedi-
ately at 510 nm. The results of samples were expressed
as mg of rutin equivalents of total extractable com-
pounds. All fractions were run in triplicate.

In vitro antioxidant activity
Diphenylpicrylhydrazyl radical scavenging activity
The free-radical scavenging activity of the various frac-
tions, gallic acid and ascorbic acid was measured with
the stable radical diphenylpicrylhydrazyl (DPPH) in
terms of hydrogen-donating or radical-scavenging

activity. 3 ml of DPPH (in methanol) solution having
0.980 (± 0.02) O.D. was added to 100 μl of different
fractions (dissolved in respective solvent), at different
concentrations (1-250 μg/ml). After 30 min, the absor-
bance was measured at 517 nm according to a described
procedure [18] with some modifications. Lower absor-
bance of the reaction mixture indicates higher free radi-
cal scavenging activity. The antioxidant activity of the
extract was expressed as IC50, which was defined as the
concentration (μg/ml) of extract that inhibits the forma-
tion of DPPH radicals by 50%. Ascorbic acid was used
as a positive control. Each study corresponded to three
experiments, performed in duplicate. The scavenging
activity was estimated based on the percentage of DPPH
radicals scavenged by the following formula:

% scavenging = [(A0 − As)/A0] × 100

where A0 is absorption of control, AS is absorption of
tested extract solution.

ABTS radical scavenging activity
ABTS assay was performed according to the protocol
[19]. The stock solution was prepared by mixing equal
volumes of 7 mM ABTS solution and 2.45 mM potas-
sium persulfate solution followed by incubation for 12 h
at room temperature in the dark to yield a dark-colored
solution containing ABTS•+ radicals. Working solution
was prepared freshly before each assay by diluting the
stock solution by mixing of stock solution to 50%
methanol for an initial absorbance of about 0.700 (±
0.02) at 745 nm, with temperature control set at 30°C.
Free radical scavenging activity was assessed by mixing
300 μl of different fractions (25-250 μg/ml in respective
solvents) with 3.0 ml of ABTS working standard. The
decrease in absorbance was measured exactly 1 min
after mixing the solution, the final absorbance was
noted up to 6 min. Data for each assay was recorded in
triplicate. Ascorbic acid was used as positive controls.
The scavenging activity was estimated based on the per-
centage of ABTS radicals scavenged by the following
formula:

% scavenging = [(A0 − As)/A0] × 100

where A0 is absorption of control, AS is absorption of
tested extract solution.

Determination of superoxide radical scavenging activity
Superoxide scavenging was determined by the nitroblue
tetrazolium reduction method [20]. The reaction mix-
ture consisted of 1 ml of nitroblue tetrazolium (NBT)
solution (l M NBT in 100 mM phosphate buffer, pH
7.4), 1 ml NADH solution (l M NADH in 100 mM
phosphate buffer, pH 7.4) and 0.1 ml of different frac-
tions and ascorbic acid (50 mM phosphate buffer, pH
7.4) was mixed. The reaction was started by adding 100
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μl of (PMS) solution (60 μM PMS in 100 mM phos-
phate buffer, pH 7.4) in the mixture. The tubes were
uniformly illuminated with an incandescent visible light
for 15 minutes and the optical density was measured at
530 nm before and after the illumination. The percen-
tage inhibition of superoxide generation was evaluated
by comparing the absorbance values of the control and
experimental tubes. The abilities to scavenge the super-
oxide radical were calculated by using the following for-
mula:

% scavenging = (1 − Ae/Ao) × 100

where Ao is the absorbance without sample, and Ae is
absorbance with sample.
Hydrogen peroxide scavenging activity
The scavenging capacity for hydrogen peroxide was
measured according to the method [21]. A solution of
hydrogen peroxide (2 mM) was prepared in 50 mM
phosphate buffer (pH 7.4). Hydrogen peroxide concen-
tration was determined spectrophotometrically at 230
nm absorption using the molar extinction coefficient for
H2O2 of 81 mol-1cm-1. 0.1 ml of various fractions (25-
250 μg/ml in respective solvents), ascorbic acid was
transferred into the test tubes and their volumes were
made up to 0.4 ml with 50 mM phosphate buffer (pH
7.4) or solvent (methanol). After addition of 0.6 ml
hydrogen peroxide solution, tubes were vortexed and
absorbance of the hydrogen peroxide at 230 nm was
determined after 10 min, against a blank. 50 mM phos-
phate buffer without hydrogen peroxide was used as
blank. Hydrogen peroxide scavenging ability (in tripli-
cate) was calculated by the formula:

% scavenging = (1 − Ae/Ao) × 100

where Ao is the absorbance without sample, and Ae is
absorbance with sample.
Hydroxyl radical scavenging activity
The effect of extracts on hydroxyl radicals was assayed
by using the deoxyribose method [22]. 2-Deoxyribose is
degraded on exposure to hydroxyl radicals generated by
Fenton’s reaction. Each fraction and ascorbic acid (ASA)
was prepared in methanol. The reaction mixture con-
tained 450 μl of 0.2 M sodium phosphate buffer (pH
7.0), 150 μl of 10 mM 2-deoxyribose, 150 μl of 10 mM
FeSO4-EDTA, 150 μl of 10 mM H2O2, 525 μl of H2O,
and 75 μl of sample solution (0.050-0.250 mg/ml in
respective solvents). The reaction was started by the
addition of H2O2. After incubation at 37°C for 4 h, the
reaction was stopped by adding 750 μl of 2.8% trichlor-
oacetic acid and 750 μl of 1% TBA in 50 mM NaOH,
the solution was boiled for 10 min, and then cooled in
water. The absorbance of the solution was measured at

520 nm. Ascorbic acid (0.05-0.250 mg/ml) was used as a
positive control. The ability to scavenge the hydroxyl
radical was calculated using the following equation:

% Superoxide radical scavenging activity = (1−absorbance of sample/absorbance of control)×
100

2.5.6. Chelating activity on Fe2+

The extracts were assessed for their ability to compete
with ferrozine for iron (II) ions in free solution. The
chelating ability of ferrous ions by various fractions was
estimated by the method [23]. Extracts (0.05-250 mg/
ml), 2.5 ml were added to a solution of 2 mM
FeCl2.4H2O (0.05 ml). The reaction was initiated by the
addition of 5 mM ferrozine (0.2 ml); the mixture was
shaken vigorously and left standing at room temperature
for 10 min. Absorbance of the solution was then mea-
sured at 562 nm against the blank performed in the
same way using FeCl2 and water. EDTA (0.625-5 μg/ml)
served as the positive control, and a sample without
extract or EDTA served as the negative control. All tests
were run in triplicate and averaged. The percentage of
inhibition of ferrozine-Fe2+complex formation was cal-
culated using the formula:

Chelating activity % = (1 − absorbance of sample/absorbance of control) × 100

Statistical analysis
Data were expressed as mean and standard error (SE).
Statistical analysis of parameteric data for IC50 was car-
ried out using graph prism pad software. Experimental
results were further analyzed for Pearson correlation
coefficient between TPCs, flavonoids and different anti-
oxidant assays and tested for significance by Student’s t-
test (P < 0.05). SPSS ver. 14.0 (Chicago, IL, USA) and
Microsoft Excel 2007 (Roselle, IL, USA) were used for
the statistical and graphical evaluations.

Conclusion
Presence of phenolics in SAME might be responsible for
DPPH, ABTS radical scavenging capacities and reducing
power. Moreover, scavenging activities of SAEE for super-
oxide radicals and hydrogen peroxide are remarkable. This
indicated that SA contained potential antioxidant bioactive
compounds, which if properly and extensively studied,
could provide many chemically interesting and biologically
active drug candidates, including some with potential anti-
proliferative properties.
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