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Abstract

Background and Aim: In humans, many diseases are associated with the accumulation of free radicals. Antioxidants can
scavenge free radicals and minimize their impact. Therefore, the search for naturally occurring antioxidants of plant origin
is imperative.

Methods: Here, we aimed to investigate the antioxidant and free radical scavenging properties of methanolic extracts from
Plantago major, Asperugo procumbens, Fumaria paviflora. Methanolic extract of P. major, A. procumbens, F. paviflora
leaf is a potential source of natural antioxidants and serves as an effective free radical scavenger and/or inhibitor. Hence, of
P. major, A. procumbens, F. paviflora might be a good plant-based pharmaceutical product for several diseases caused by
free radicals.

Results: In this experiment, we examined different parts (leaf) of A. procumbens and found that methanolic extract of A.
procumbens leaf, which contains large amounts of phenolic and flavonoid compounds, exhibited the highest antioxidant
and free radical scavenging. A positive correlation (P-value < 0.005) was observed between phenolic content and free
radical (DPPH) scavenging efficiencies.

Conclusion: Methanolic extract of A. procumbens leaf is a potential source of natural antioxidants and serves as an
effective free radical scavenger and/or inhibitor. Hence, A. procumbens might be a good plant-based pharmaceutical
product for several diseases caused by free radicals.
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molecules, but these mechanisms can be inefficient.
Therefore, dietary intake of antioxidants is imperative
to protect cells from damage caused by free radicals.

Antioxidants are substances that prevent and stabilize
the damage caused by free radicals by supplying
electrons from antioxidants to these damaged cells.
Antioxidants also turn free radicals into waste
by- products, which are eliminated from the body (26).
Consumption of antioxidant-enriched fruits and
vegetables is known to lower the risk of several

Introduction

There is strong evidence that many dangerous
pathophysiological processes, such as cancer, diabetes,
and cardiovascular and neurodegenerative diseases,
are associated with the accumulation of free radicals
(19, 23, 15). A free radical is an atom or molecule that
has an unpaired electron and is therefore unstable.
This unstable radical tends to become stable through
electron pairing with biological macromolecules such

as proteins, lipids, and DNA in healthy human cells,
thus causing protein and DNA damage (19). Such
radical- caused cell damage can become more
widespread due to weakened cellular antioxidant
defense systems. All biological systems have innate
antioxidant defense mechanisms that remove damaged

diseases caused by free radicals (10). Such health
benefits are mainly due to the presence of
phytochemicals such as polyphenols, carotenoids, and
vitamin E and C (22). Although phenolic compounds
are commonly found in both edible and in non-edible
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herbs, cereals, fruits, vegetables, oils, spices, and other
plant materials (3), scientific information on the
antioxidant properties of endemic plants is scarce
because the availability of endemic plants is limited to
certain regions and only known by local populations.
Therefore, the assessment of such properties remains
an interesting and useful task, particularly to find
promising sources of natural antioxidants for
functional foods and/or nutraceuticals (30, 4).

The results of ethnobotanical and
ethnopharmacological studies of different species of
P. major, A. procumbens, F. paviflora indicate the
potential use of these plants for the treatment of a
large variety of diseases. Due to the increasing interest
in the relationship between antioxidants and diseases,
it is important to measure the overall antioxidant
activity of P. major, A. procumbens, F. paviflora.
Therefore, the objective of this study was to evaluate
the antioxidant and free radical scavenging activity as
well as polyphenol contents of methanolic extractives
from different parts of P. major, A. procumbens, F.
paviflora.

Methods

Chemicals and reagents

DPPH, methanol, ethanol, acetone, and hexane were
purchased from Merck (Darmstadt, Germany); all
chemicals were of reagent grade.

Plant material

The plants P. major, A. procumbens, and F. paviflora
were collected from Qaen (a city in South Khorasan
Province, Iran) local farms in spring and summer.
Plants Material Extraction

The aerial parts plants were collected, shade dried for
seven days, and ground. The dried powder of plants
(1g) was soaked in 10 ml methanol- water (80:20,
v/v), ethanol- water (50:50), acetone, and hot hexane.
Extraction was carried out at ambient temperature for
24 h. The ratio of methanol and ethanol with water
used yielded the highest yield of phenolic compounds
and flavonoids during preliminary trials. Each extract
was filtered with Whatman No. 1 filter paper. The
solvents evaporated at 40°C in a rotary evaporator
(Buchi Laboratory) (2).

Determination of total phenolics

Total phenolic contents in the extracts were
determined by the modified Folin- Ciocalteu method
described by Wolfe et al. (29), An aliquot of the
extract was mixed with a 2mL Folin-Ciocalteu
reagent (previously diluted with water 1:10 v/v) and 2
mL (75 g/L) of sodium carbonate. The tubes were

vortexed for 15 s and allowed to stand for 20 min at
25°C for color development. Absorbance was then
measured at a 760 nm UV-spectrophotometer
(Shimadzu, USA). Samples of extract were evaluated
at a final concentration of 0.1 and 0.15 mg/mL. Total
phenolic contents were expressed in terms of gallic
acid equivalent, GAE (standard curve equation: y=
0.091X+ 0.167, R?=0.994), and mg of GA/g of dry
extract. The experiment was repeated three times at
each concentration.

DPPH radical scavenging activity

The ability of extracts to scavenge DPPH radicals was
determined according to Dasgupta and De (6) method.
Briefly, 1 ml of a 1 mM methanolic solution of DPPH
was mixed with 3 ml of extract solution in methanol
(at concentrations of 50, 100, 200, 500, and 1000
ppm). The mixture was then homogenized vigorously
and left for 30 min in the dark place (at room
temperature). Its absorbance was measured at 517 nm
and activity was expressed as the percentage of DPPH
scavenging relative to control using the following
equation:

The absorbance of control
DPPH scavenging — Absorbance of sample

activity (%) = x100

Absorbance of control

The quality of the radical scavenging property of
plants was determined by calculating the ICso. The
ICso value is the concentration of each plant extract
required

Statistical analysis

All these experiments were replicated three times, and
the average values are reported. The effect of different
solvents on the antioxidant activity of plants was
determined using the analysis of variance (ANOVA)
method, and significant differences of means were
compared using Duncan’s test at a 5% significant level
using the SAS software (2001) program.

Results

Figure 1, shows the amount of total phenolic
compounds of the methanolic extracts of P. major, A.
procumbens, and F. paviflora. Among the extracts, F.
paviflora had a higher amount of total phenolic
compounds than the other extracts. At a concentration
of 100 pg / mL, F. paviflora, P. major and A.
procumbens were 19, 11, and 8 mg of GA / g,
respectively (Fig 1).
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Figure 1. Determination of amount of total phenolic
compounds with methanolic extractives of P. major, A.
procumbens, F. paviflora. All experiments were
performed in triplicate. Data are expressed as mean + SD
(n =3, p<0.05) for all tested dosages.

Among the medical plants, A. procumbens showed the
highest total antioxidant capacity followed by P.
major and F. paviflora (Fig 2). A positive correlation
(P-value < 0.005) was observed between DPPH,
amount of total phenolic compounds and ICsg
efficiencies inhibition activity.
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Figure 2. Determination of DPPH radical scavenging
activity of methanolic extractives of P. major, A.
procumbens, and F. paviflora. All experiments were
performed in triplicate. Data are expressed as mean + SD
(n =3, p<0.05) for all tested dosages.

Results showed that solvent significantly (p < 0.05)
influenced 1Cso scavenging activity (Fig 3). The ICs,
the index was used to express the inhibition effects of
free radicals in the DPPH method. In this way, the
lower the amount of ICg, value, the higher the

inhibition potency. The ICs, the index was used to
express the inhibition effects of free radicals in the
DPPH method. In this way, the lower the amount of
ICs, value, the higher the inhibition potency.
According to Fig (3) data, the minimum amount of
ICsy by A. procumbens plant in extraction with (80
%), and the maximum ICg, is related to the F.
paviflora (Fig. 3).
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Figure 3. Determination of ICsy of methanolic
extractives of P. major, A. procumbens, F. paviflora. All
experiments were performed in triplicate. Data are
expressed as mean £ SD (n =3, p <0.05) for all tested
dosages.

Discussion

Total phenolic content of the extractives showed a
significant and  strong  positive  correlation
(P-value <0.005) with free radical (DPPH) scavenging
efficiencies inhibition. Our results are consistent with
the data published previously (20, 17). Thus, the
polyphenolic constituents of the extracts may be the
major contributors to the antioxidant activity in free
radical neutralization and lipid peroxidation inhibition.
The effect of antioxidants on DPPH is thought to be
due to their hydrogen donating ability (11). Radical
scavenging activities are very important to prevent the
deleterious role of free radicals in different diseases,
including cancer. DPPH free radical scavenging is an
accepted mechanism for screening the antioxidant
activity of plant extracts. In the DPPH assay, violet
color DPPH solution is reduced to a yellow-colored
product, diphenylpicryl hydrazine, by the addition of
the extract in a concentration-dependent manner. This
method has been wused extensively to predict
antioxidant activities because of the relatively short
time required for analysis. Polyphenol contents and
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tocopherols scavenge the DPPH radicals by their
hydrogen donating ability (11, 14). The results
obtained in this study suggest that all the extracts from
A. procumbens showed radical scavenging activity by
their electron transfer or hydrogen donating ability.
Total polyphenols content and radical scavenging
antioxidant activity are highly correlated (11).

Free radicals that participate in the fats peroxidation
process play an important role in causing diseases like
cancer and cardiovascular disease (5). DPPH radicals
are widely used to determine the ability to quench free
radicals of various natural products and are adopted as
a model compound for the free radicals that will be
established by lipids (28). A. procumbens extracts with
all solvents have the highest inhibition percentage of
DPPH radicals in comparison to the other extracts. F.
paviflora had the lower DPPH free radical scavenging
activity. Also, observed methanol extracts had the
highest amount of phenolic compounds (25). Yu et al.
(32), reported that phenolic compounds in methanol
(80%) of peanut shells were 1.90 mg / g, respectively.
These researchers introduced ethanol, as the most
effective solvent in the extraction of phenolic
compounds. The results obtained in this study were
consistent with the present research. The results
showed that the plant type significantly affected the
extraction of phenolic compounds and the A.
procumbens with 19 mg Gallic acid/g had the highest
extraction, respectively (24). In the study of Mazarei
et al. (21) 50 microliters/ml of methanol solvents in
thyme had DPPH free radicals scavenging activity of
82.2%. The proper use of medicinal plants requires the
recognition of existing chemical compounds because it
is the presence of chemical compounds that leads to
the therapeutic effect of the plant (18). Fazeli et al. (8)
obtained ICs, hydroalcoholic essence of yarrow and
thyme were respectively 42.65 and 2.35 pg/ ml. The
investigation of (12) showed that the concentration of
5 mg/mL of peppermint extract has a range of 52/93%
of the ability to absorb DPPH free radical. Abdi et al.
(1) reported the amount of ICs,0f peppermint essence
as 4/60 ppm. In the study of Hosseini et al. (2012), the
antioxidant effect of blue essence by (ICs5o= 84/94
pg/ml) and Ethyl acetate by (IC5o= 725ug/ml) of the
rosemary was high. In the study (8), the amount of
IC50in hydro alcoholic essence of rosemary was 92/80
mg per mL. The anti-radical activity of rosemary
essential oils is related to the presence of polar
compounds such as Rosmarinic acid and other
phenolic acids. The study done on phenolic
compounds of rosemary essence showed this activity

that consists of Carnosine, carnosol, and Rosmarinic
acid (7). Rosmarinic acid reacts with DPPH during a
period and is in a constant state for 10 minutes while
the reaction rate of Carnosine acid is lower and
requires around 30 minutes to reach a steady state
(31). Kamkar et al. (16) reported ICs, level of savory
extracts in methanol, respectively, 76/30 mg / mL with
less than the results reported in this study (9) reported
the ICs, of methanol extract in savory as 67/23 ppm.
Shafiee Dastjerdi and Mazoji (27) obtained ICs, of
methanol, (70%) in Ziziphora clinopodiodes by Alborz
province Chalus region and Tehran province
respectively as 234.94 ppm. Different results have
been reported in different studies to determine the
anti-radical properties of studied plants. The reason for
the difference in the stated results can be due to the
number, conditions of the region, the conditions of
cultivation, the conditions of preservation and drying,
and different experimental conditions, such as the
solvent type, and the extraction time.

Conclusion

The biologically active pure compound is better than
crude extract. However, to get the overall view
regarding the phytochemical composition and
biological activities of any plant, it is important to pick
the most potential part by investigating several parts
(leaf) of that plant. Here, we examined different parts
(leaf) of P. major, A. procumbens, F. paviflora and
found that the methanolic extract of A. procumbens
leaf, contains large amounts of phenolic and flavonoid
compounds, exhibited the highest antioxidant and free
radical ~ scavenging. A  positive  correlation
(P-value < 0.005) was observed between phenolic
content and free radical (DPPH) scavenging
efficiencies. These investigation assays indicate that P.
major, A. procumbens, F. paviflora leaves are
significant sources of natural antioxidants, which
could help to prevent the progression of various
diseases caused by free radicals, such as certain
cancers. However, the components responsible for the
antioxidative activity are currently unclear. Therefore,
further investigation is needed to isolate and identify
the antioxidant compounds present in the plant extract.
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