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ABSTRACT

In this study, we estimated the antioxidant activity of various extracts prepared from
Artemisia campestris L. aerial parts used in Algeria to treat gastro-intestinal disorders. The
determination of polyphenols and flavonoids contents showed that the ethyl acetate extract
(EAE) is rich in phenolic compounds with 481.25±0.026 mg gallic acid equivalent/g dry
weight, while the chloroform extract (CHE) had the highest content of flavonoid with
34.37±0.056 mg quercetin equivalent/g dry weight. The evaluation of DPPH scavenging
activity of extracts confirmed that EAE is the most active extract with IC50 of 0.0058 mg/ml.
In addition, EAE  showed the most scavenging activity against hydroxyl radical generated in
the H2O2/Fe+2 system with IC50 of 0.17 mg/ml which is comparable to the activity of the
standard antioxidant ascorbic acid (0.15 mg/ml). Ferrous ion chelating capacity assay
showed that aqueous extract (AQE) was the most active with 0.11 mg/ml. The inhibition of
linoleic acid/ß-carotene coupled oxidation was estimated by the ß- carotene bleaching
assay, which showed a highest relative antioxidant activity for the crude extract (CE)
(82.72% of inhibition). In conclusion, the present study showed that EAE of A. campestris L.
is rich in phenolics and flavonoids and has a considerable antioxidant activity.
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1. INTRODUCTION

The reactive oxygen species (ROS) are generated in the human body as a result of normal
endogenous metabolic process. The ROS generated are normally detoxified by the
antioxidants present in the body such as superoxide dismutase, catalase, glutathione
peroxidase and glutathione reductase. These free radicals cause oxidative damage to many
biomolecules like proteins, lipids and DNA [1]. This oxidative damage is a major factor
implicated in many chronic diseases such as cancer, diabetes, hypertension and other
cardiovascular disorders [2]. The interest in finding antioxidants from natural sources is
growing nowadays. These antioxidants scavenge free radicals and can help prevent many
of these diseases. The antioxidants may mediate their effect by directly reacting with ROS,
quenching them and/or chelating the catalytic metal ions [3]. Several synthetic antioxidants
were commercially available but were unsafe. Natural antioxidants, especially phenolics and
flavonoids, were safe and also bioactive.

A. campestris (Asteraceae) is a perennial scarcely aromatic herb or small shrub. It is
widespread in the south of Algeria. The aerial parts of this plant are used in folk medicine in
Algeria for the treatment of gastrointestinal disorders, ulcer, and diarrhea. The preparation
of leaves and flowers of A. campestris (infusion, maceration and decoction) have been
recommended in Tunisian folk medicine for their antivenin [4], anti-inflammatory,
antirheumatic and antimicrobial activities [5]. The hypoglycemic and hypolipidemic effects of
A. campestris leaf extracts in rat pancreatic tissue has been reported and the effect was
connected with antioxidative potential of the plant [6]. The flavonoid profile of A. campestris
is quite complex consisting of flavones, flavonols, flavanones, dihydroflavanols and their
methyl ethers [7].

The aim of this study was to determine polyphenol contents and the antioxidant activity of
extracts from the aerial parts of A. campestris L. growing in Algeria.

2. MATERIALS AND METHODS

2.1 Chemicals

Linoleic acid, b-carotene, butylated hydroxytoluene (BHT), were purchased from Fluka
Chemical Co. (Buchs, Switzerland). 2, 2-diphenyl-1-picryl-hydrazyl (DPPH),
ethylenediamine tetraacetic acid (EDTA), gallic acid were obtained from Sigma Chemical
Co. (St. Louis, MO). Potassium ferricyanide, trichloroacetic acid (TCA), ferrous and ferric
chloride were obtained from Merck. All other reagents were of analytical grade.

2.2 Plant Material

The aerial parts of A. campestris L. were collected from Bousaada southern Algeria. This
plant was identified by Pr. Laouar H from the laboratory of Botanical Sciences, Faculty of
Natural and Life Sciences, University Ferhat Abbas, Setif 1, Algeria. A voucher specimen
was kept at this Laboratory.
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2.3 Preparation of A. campestris Aerial Parts Extracts

The extraction of phenolic compounds was conducted as reported by Markham [8]. Aerial
parts of A. campestris (100 g) were powdered, mixed with one liter of methanol-water
solution (85: 15 v/v) and kept at room temperature for 3 days. It was then filtered and the
solvent was evaporated to get crude extract (CE). The aqueous solution was washed with
hexane several times until a clear upper layer of hexane was obtained. The lower layer was
then extracted successively with chloroform and ethyl acetate to obtain 3 fractions;
chloroform (CHE), ethyl acetate (EAE) and aqueous extracts (AQE). Each fraction was
stored at -20ºC until use.

2.4 Estimation of Total Phenolic Content

Total phenolic compounds in A. campestris extracts were determined by the Folin–Ciocalteu
reagent, using the method of Li et al. [9] with slight modifications. 0.1 ml of samples or
standard was mixed with 0.5 ml of Folin-Ciocalteau reagent (diluted 10 times). After 4 min,
0.4 ml of 7.5 % sodium carbonate (Na2CO3) solution was added. After the incubation for 1 h
and 30 min in the dark at room temperature, the absorbance was measured at 760 nm
using a spectrophotometer and the results are expressed in mg of gallic acid equivalent per
gram dry weight of plant (GEA).

2.5. Estimation of Flavonoid Content

Total flavonoid content in each extract was determined using the aluminum chloride
colorimetric method [10]. Briefly, 1 ml of diluted sample was mixed with 1 ml of 2%
aluminum chloride in methanol. After incubation at room temperature for 10 min, the
absorbance of the reaction mixture was measured at 430 nm and the flavonoid content was
expressed in mg Quercetin equivalent per gram of dry weight (QE).

2.6 DPPH Radical Scavenging Assay

Free radical scavenging activity against 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical was
measured using the method used by Burits and Bucar [11] with slight modifications. 50 µl of
different dilutions of the extracts were added to 1250 µl of 4% solution DPPH dissolved in
methanol. After 30 min at room temperature, the absorbance was measured at 517 nm.
Rutin was used as positive standard. The ability to scavenge DPPH radical was calculated
by the following equation: DPPH radical scavenging activity (%) = (A C – A S / A C) x100.

AC: is the absorbance without extract.
AS: is the absorbance in the presence of sample.

2.7 Hydroxyl Radical-scavenging by Phenanthroline-Fe (II) Oxidation Assay

Fenton reaction is a key reaction in the organism which produces hydroxyl radicals. This
radical can attack aromatic compound (salicylic acid) hydroxylation into hydroxylated
product (2,3-dihydroxyl benzoic acid), which can be detected colorimetriclly. The adding of
antioxidants can reduce hydroxyl radicals and hydroxylation so that the efficiency of
scavenging hydroxyl radical can be determined. The ability of the hydroxyl radical-
scavenging was carried out as described by Li et al [12]. 600 µL of (5 mM) phenanthroline,
600 µL (5mM) FeSO4, 600 µl of EDTA (15 Mm), 400 µl phosphate buffer (0.2 M, pH= 7.4)
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and 800 µl (0.01%) H2O2 were added into 600 µl of extract. After 1 h of incubation at 37°C,
the absorbance at 536 nm was recorded.

2.8 Reducing Power

The ability to reduce ferric ions was measured using the method described by [13]. 0.1 ml of
different concentrations of each extract, was mixed with an equal volume of 0.2 M
phosphate buffer (pH 6.6) and 1% potassium ferricyanide. The mixture was incubated at
50ºC for 20 min. After, 0. 25 ml of 10% trichloroacetic acid was added to the mixture to stop
the reaction and centrifuged at 3000 rpm for 10 min. The supernatant (0.25 ml) of the
solution was added to distilled water (0.25ml) and 0.1% ferric chloride (0.5 ml). Absorbance
was measured to determine the amount of ferric ferrocyanide (Prussian blue) formed at 700
nm against a blank in spectrophotometer.

2.9 Beta Carotene/Linoleic Acid Assay

The ability of extracts to prevent bleaching of b-carotene was assessed as described by
[14]. A stock solution of b-carotene/linoleic acid was prepared by dissolving 0.5 mg of b-
carotene in 1 ml of chloroform, 25 µl of linoleic acid and 200 mg of Tween 40. The
chloroform was completely evaporated under vacuum in a rotatory evaporator at 40ºC, then
100 ml of distilled water were added and the resulting mixture was vigorously stirred. The
emulsion obtained was freshly prepared before each experiment. Aliquots (2.5 ml) of the b-
carotene/ linoleic acid emulsion were transferred to test tubes containing different
concentrations. The absorbance of each sample was measured at 470 nm. BHT was used
as a positive standard. The antioxidant activity was calculated as following equation:

AA%= Abs sample/Abs BHT * 100.

2.10 Chelating Activity on Fe 2+

The iron (II)-chelating ability of the extract was assessed by the method of [15]. In brief, to a
0.25 ml  aliquot of dissolved extract was added to 0.05 ml  (0.6 mM) aqueous FeCl2 - 4H2O
and 0.45 ml  Methanol. After 5 min, the reaction was initiated by the addition of 0. 05 mL (5
mM) ferrozine solution. After 10 min, the absorbance at 562 nm was recorded. The control
contained all the reagents except the extract or positive control. EDTA was used as a
positive control. The percentage of inhibition of ferrozine-Fe2+ complex formation was
calculated using the formula:

Chelating activity % = ((A control – A sample)/A control)*100

EC50 values were calculated by linear regression analysis; linearity range between
antioxidant concentration and chelating activity.

2.11 Statistical Analysis

Experimental results recorded were means±standard deviation (SD) of triple determinations.
The data were analyzed by one-way analysis of variance (ANOVA). Tests of significant
differences were determined by tukey multiple range tests at p=.05.
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3. RESULTS AND DISCUSSION

3.1 Total Phenol and Flavonoid Contents of the Extracts

The results showed that A. campestris fractions contained phenolic compounds in the
following order: EAE> CHE> CE> AQE, as shown in Table 1. Flavonoid quantification using
aluminum chloride is a suitable method. Aluminum chloride forms stable complexes with
these compounds [16]. The total flavonoid contents of different A. campestris fractions were
reported as mg Quercetin equivalent per g of dried extract.  The flavonoid contents of the A.
campestris fractions have the following order: CHE >EAE > CE >AQE Table 1. Based on
these data, it can be concluded that the EAE extract of A. campestris possesses high
content of phenolic and the CHE contains high content of flavonoids.

Table 1. Phenolics and flavonoid content of Artemisia campestris L.

Extracts Total phenolic content mg
Gallic acid equivalent/g
of dry plant

Total flavonoid content mg
Quercetin  equivalent/g
of dry plant

CE 143.4±0.033 17.75±0.001
CHE 169.2±0.08 34.37±0.056
EAE 481.25±0.026 22.11±0.013
AQE 65.5±0.0035 8.56±0.0005
Results are expressed as means ± standard deviation (n = 3). CE : crude extract,  CHE : chloroform

extract, EAE : ethyl acetate extract, AQE : aqueous extract

Djeridane et al. [17] determined the content of polyphenols in 11 Algerian medicinal plants.
They reported that the content of polyphenols in 70% ethanolic extract of A. campestris was
20.38 mg EAG/g, this value is lower than the value reported in this study. This can be
attributed to the method of extraction and the type of solvent.

In another study, Djeridane et al. [18] evaluated the polyphenol contents in 80% ethanolic
extract of A. campestris, the value found was 103.4 mg mg gallic acid equivalent. This is
relatively similar to that found in our study using 85% methanolic extract (143.4±0.033 mg
gallic acid equivalent/g of dry plant).

3.2 DPPH Radical Scavenging

DPPH is relatively stable free radical that easily accepts an electron or hydrogen atom to
become a stable molecule [19]. The amount of each extract needed for 50% inhibition (IC50)
is presented in Fig. 1. IC50 of the standard compound, rutin was 0.004 mg/ml. The highest
radical scavenging activity was presented by EAE with IC50=0.0058 mg/ ml which is lower
than that of standards (p=0.5). The radical scavenging activity in the plant extracts
decreased in the following order: EAE > CHE> CE > AQE.
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Fig. 1. IC50 values of plant extracts for free radical scavenging activity by DPPH
method. Lower IC50 value indicates higher antioxidant activity. CE: crude extract,

CHE: chloroform extract, EAE: ethyl acetate extract, AQE: aqueous extract

The result of the present study showed that the EAE, which contain highest amount of
phenolic compounds, exhibited the greatest antioxidant activity with 0.0058 mg/ml. The high
scavenging activity of EAE may be due to hydroxyl groups existing in the phenolic
compounds that can provide the necessary component as a radical scavenger. Many
studies confirmed that the antioxidant properties of these molecules arise from their high
reactivity as electron donors, and from the ability of the polyphenol to stabilize the unpaired
electron [20].

Several studies on A. campestris demonstrated that ethyl acetate fraction showed to be
active as DPPH radical scavenger. This fraction is rich in flavonoids with antioxidant
properties (Nikolova et al., [21]. Serteser et al.,[22] estimated the antioxidant activity of
methanolic extract (50%) of A. campestris, they found that IC50 was 2.467 mg/ml, this
value show that its activity is lower than of methanolic extract (85%) of our study (
0.025mg/ml). This can be not attributed to the percentage of water in alcoholic solvent. The
radical scavenging and antioxidant activity results for these plants show differences from the
earlier reported results above. However these contradictory results are most likely due to
differences in methodology and experimental conditions used in the different studies and
differences in the method of sample extraction can results in a wide variation in the
antioxidant activity of the extract.

3.3 Hydroxyl radical-scavenging by phenanthroline-Fe (II) oxidation assay

The hydroxyl radical is the most reactive of the reactive oxygen species, and it induces
severe damage in adjacent biomolecules [23]. The hydroxyl radical can cause oxidative
damage to DNA, lipids and proteins [24].

In the phenanthroline- Fe (II) assay, hydroxyl radicals produced in H2O2/Fe2+ system can
oxidize phenanthrolene-Fe2+ into phenanthrolene-Fe3+, and the absorption was measured at
536 nm. All extracts of A. campestris and vitamin C exhibited scavenging activities against

***

*
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***



Annual Research & Review in Biology, 4(10): 1691-1702, 2014

1697

hydroxyl radicals Fig. 2. The radical scavenging activity for A. campestris areal part extracts
decreased in the following order EAE> CHE> AQE > CE respectively.
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Fig. 2. IC50 values of plant extracts for hydroxyl radical scavenging activity by
phenantroline method. Lower. CE : crude extract, CHE : chloroform extract, EAE :

ethyl acetate extract, AQE : aqueous extract, VIT C : vitamin C

EAE and CHE showed a highest antiradical effect with 0.17 and 0.22 mg/ml respectively,
these results are similar to those of DPPH.  The results of previous studies with different
antioxidant assay on A. campestris ethanol-water (50%) extract suggest that polyphenol
content should be considered as an important feature of A. campestris, as some of its
effects, such as antioxidant activity, could be attributed to the presence of these
constituents [25].

3.4 Reducing Power

Fe+3 reduction is often used as an indicator of electron- donating activity, which is an
important mechanism of phenolic antioxidant action, and can be strongly correlated with
other antioxidant properties [26]. There are dose-response curves for the reducing powers
of the extracts from A. campestris Fig. 3. The reducing power of the CE and AQE extracts
increased from 0.078±0.01 and 0.137±0.006 at 0.07 mg/ml to 1.36±0.024 and
0.888±0.021 at 0.14 mg/ml respectively. The reducing power of EAE extract increased from
0.256±0.029 at 0.004 mg/ml to 1.95±0.042 at 0.045 mg/ml. The reducing power of CHE
extract increased from 0.15±0.027 at 0.008 mg/ml to 1.63±0.027 at 0.17 mg/ml. BHT was
used as standard. All extracts showed degree of electron donation capacity in a
concentration-dependent manner but the capacities were inferior to that of BHT
(1.16±0.003 at 0.025 mg/ml).

A relationship between Fe3+ reducing activity and total phenol content has been reported in
the literature [27], however the correlation may not be always linear as compared to other
methods [28]. Phenolic compounds have been reported to be significantly associated with
the antioxidant activity of plant and food extracts mainly because of their redox properties,
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allowing them to act as reducing agents, hydrogen donors, singlet oxygen quenchers and
hydroxyl radical quenchers [29].

Fig. 3. Antioxidant activity of A. campestris extracts expressed as reducing power.
CE : crude extract, CHE: chloroform extract, EAE : ethyl acetate extract, AQE :

aqueous extract.

3.5 B-carotene/Linoleic Acid Assay

This method is based on the loss of the orange color of B-carotene due to its reaction with
radicals which are formed by linoleic acid oxidation in an emulsion. The ability of extracts to
inhibit the lipid peroxidation and to be evaluated by B-carotene bleaching test showed that
the peroxidation of lipids was effectively inhibited by A. campestris extracts. The results
show the antioxidant activity of the extracts and BHT as measured by the bleaching of the
b-carotene/linoleic acid system Fig. 4. In this system, CE and EAE exhibited a highest
inhibition activity with values of 82 and 79 % (P<.001). This activity may be attributed
primarily to the high content of phenolic components of the A. campestris. Other studies
realized by [25] showed that ethanolic extract of this plant possessed a low inhibition of b-
carotene oxidation (34%). This difference may be related to the type of solvent used in the
extraction of antioxidant molecules.

3.6 Metal Chelating Activity

Ferrozine can quantitatively form complexes with Fe2+. However, in the presence of
chelating agents, the complex formation is disrupted with the result that the violet color of
the complex is decreased. Measurement of color reduction, therefore, allows the estimation
of the chelating activity of chelator. The transition metal ion Fe2+ possesses the ability to
move single electrons by virtue of which it can allow the formation and propagation of many
radical reactions, even starting with relatively nonreactive radicals [30]. All extracts showed
chelating activity of ferrous ion before ferrozine in dose dependent Fig. 5.
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Fig. 4. Antioxidant activities of A. campestris extracts measured by b-carotene
bleaching method at 24 hours. CE: crude extract, CHE: chloroform extract, EAE: ethyl

acetate extract, AQE: aqueous extract. Values are means±SD (n = 3)

Fig. 5. Chelating activity of the extracts from A. spinosa leaves. EDTA was used as
the positive control. CE: crude extract, CHE: chloroform extract, EAE: ethyl acetate

extract, AQE: aqueous extract. Values are means ± SD (n = 3)

EAE posses a high content of polyphenols but it showed a lowest chelating activity. This
may be related by other molecules witch chelate the ions of Fe+2. Similar study established
that ethyl acetate extract of Smilax excelsa L. had a weaker activity among other extracts
with 16% at 1.2 mg/ml [31].
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4. CONCLUSION

This study demonstrated that EAE of A. campestris aerial part contains high levels of
phenolic compounds and was capable of inhibiting lipid peroxidation, directly quenching free
radicals to terminate the radical chain reaction and acts as reducing agents. Phenolic
compounds present in this plant are probably responsible for its antioxidant potential. These
results explain the pharmacological properties of A. campestris and gave a scientific base of
the use of this plant in the Algerian traditional medicine.
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