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Protective eﬀect of Artemisia campestris extract
against aspirin-induced gastric lesions and
oxidative stress in rat
Hichem Sebai,†*ab Mohamed-Amine Jabri,†ab Abdelaziz Souli,b Karim Hosni,c
Slimen Selmi,b Haifa Tounsi,d Olfa Tebourbi,a Samir Boubaker,d Jamel El-Bennae
and Mohsen Saklya
The present study aims at evaluating the antiulcer and antioxidant eﬀect of Artemisia campestris aqueous
extract (ACAE) as well as the mechanism of action involved in such gastroprotection. The use of LC/MS
allowed the identiﬁcation of 11 phenolic compounds and the colorimetric analysis demonstrated that the
ACAE exhibited an important in vitro antioxidant activity. We ﬁrst showed that in vivo ACAE protected against
macroscopic and histological changes induced by aspirin in stomach mucosa. Aspirin administration was
accompanied by an oxidative stress status assessed by an increase in malondialdehyde (MDA) level, a
decrease in the content of sulfhydryl –(SH) groups and a depletion of antioxidant enzyme activities such as
superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx). Pre-treatment with ACAE
protected against aspirin-induced gastric oxidative stress. More importantly, aspirin administration increased
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plasma and tissue hydrogen peroxide (H2O2), free iron and calcium levels, while the ACAE pre-treatment
reversed all the eﬀects of aspirin-induced intracellular mediators. In conclusion, we suggest that Artemisia
campestris aqueous extract has potent antiulcer and antioxidant properties. This gastroprotection oﬀered by

DOI: 10.1039/c4ra08564g

ACAE might be related partly to the safety of sulfhydryl group as well as its opposite eﬀect on some
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intracellular mediators such as hydrogen peroxide, free iron and calcium.

† The rst two authors contributed equally to this work.

of microvascular structures, and increased acid and pepsinogen
secretion.8,9 In addition, the pathogenesis of NSAIDs-induced
ulcers, such as aspirin, is also accompanied by an increase in
reactive oxygen species (ROS).10 These in turn induce lipid peroxidation and antioxidant enzymes inhibition, which are the basis
of many toxicological and pathological processes.11 However,
plant extracts, known for their richness in phenolic compounds
and antioxidant ability, are mainly used by researchers to produce
new drugs and obtain promising results in the treatment of
gastric ulcers.12
Artemisia campestris L. is a medicinal plant used for centuries
in traditional folk medicine in many countries in the world
including Tunisia, and is well-known for its benecial eﬀects in
the treatment of gastrointestinal disorders, including peptic
ulcer.13 In addition, this plant is well-known as a versatile source
of components with bioactive properties. Because of its antioxidant properties,14 A. campestris presents many benecial
health eﬀects such as hepatoprotective,15 renoprotective,14
antidiabetic16 and anticancer13 activities. Recently, Houicher
et al.17 demonstrated that ethanolic extract obtained from A.
campestris prevents food spoilage and extends the shelf life of
vacuum-packed refrigerated sardines (Sardina pilchardus).
The aim of the present study is to evaluate the antioxidant
properties of an aqueous extract of A. campestris as well as its
protective eﬀect against aspirin-induced gastric ulceration in
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1. Introduction
Ulcer is a multifactorial gastrointestinal disorder caused by the
loss of balance between aggressive and defensive factors of
the gastric and duodenal mucosa.1 The nonsteroidal antiinammatory drugs (NSAIDs), Helicobacter pylori, stress, and
steroids, are the aggressive factors that increase the risk of gastric
ulcer formation.2–4 NSAIDs are widely used for their analgesic,
anti-pyretic and anti-inammatory eﬀects.5,6 However, these drugs
are in fact associated with gastrointestinal toxicity including ulcer
formation.6,7 The pathogenesis of NSAIDs-induced gastric ulceration is accompanied by lower mucus and bicarbonate secretion,
decreased mucosal blood ow, neutrophil inltration, alteration
a
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rats. We also study the implication of sulydryl groups and
some intracellular mediators in such gastroprotection.

2.

Materials and methods
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2.1. Chemicals
Epinephrine, bovine catalase, 2-thio-barbituric acid (TBA) and
butylated hydroxytoluene (BHT) were purchased from Sigma
chemicals Co (Germany). All the other chemicals used were of
analytical grade.
2.2. Preparation of Artemisia campestris aqueous extract
Artemisia campestris plants were cultivated in the region of
Metlaoui (South-western Tunisia) during August 2012 and were
identied by Mrs Mouhiba Ben-Naceur, Professor of taxonomy
in the Higher Institute of Biotechnology of Béja – Tunisia. Plant
material was subsequently dried in an incubator at 50  C for 72
hours and powdered in an electric blender. The extract was
prepared in double distilled water (1/5; w/v) under magnetic
agitation for 24 hours and centrifuged at 10 000 g for 10 min to
eliminate insoluble material. Supernatant was lyophilised and
stored at 80  C until use.
2.3. Characterisation of phenolic compounds by HPLC-PDAESI-MS/MS
The lyophilised extract of A. campestris (1 mg mL1) was dissolved in methanol18 and analyzed by LC-MS/MS using an Agilent Series 1100 LC system (Agilent Technologies, Palo Alto, Ca,
USA) equipped with a photodiode array detector (PDA) and a
triple quadrupole mass spectrometer type Micromass Autospec
Ultima Pt (Kelso, UK) interfaced with an ESI ion source. Separation was achieved using a Superspher® 100 (12.5 cm  2 mm
i.d., 4 mm, Agilent Technologies, Rising Sun, MD) at 45  C.
Samples (20 mL) were eluted through the column with a gradient
mobile phase consisting of A (0.1% acetic acid) and B (acetonitrile) with a ow rate of 0.25 mL min1. The following multistep linear solvent gradient was employed: 0–5 min, 2% B, 5–75
min, 88% B, 75.1–90 min, 2% B.
PDA was detected in the 200–400 nm wavelength range and
the mass spectra were recorded in negative ion mode under the
following operating conditions: capillary voltage, 3.2 kV; cone
voltage, 115 V; probe temperature, 350  C; ion source temperature, 110  C. The spectra were acquired in an m/z range of
150–750 amu.
The identication of phenolic compounds was based on cochromatography with authentic standards, when available. PDA
and mass spectra were used to aﬃrm the identity of compounds
previously reported in the literature.19–21 The content percentage
of each component in the crude extract was determined by a UV
chromatogram at 210 nm.18
2.4. Free radical-scavenging activity on 2,2-diphenyl-1picrylhydrazyl (DPPH)
The antioxidant capacity of CDE was determined using DPPH
radical-scavenging activity, as previously described by Grzegorczyk et al.22 Briey, various concentrations of ACAE (20, 50,
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100, 150, and 200 mg mL1) were added to 1 mL of a 0.1 mM
methanol solution of DPPH and incubated at 27  C for 30 min.
The optical density of the sample was quantied at 517 nm.
DPPH radical-scavenging activity (RSA), expressed as
percentage, was estimated by the following formula:

ADPPH  Asample  Acontrol
RSAð%Þ ¼
 100
ADPPH
Ascorbic acid in the same concentration as the test extract
was used as a reference molecule.
All the analyses were executed in triplicate. The eﬃcacy
concentration 50 (EC50) value was determined as the concentration (in mg mL1) of the compound required to scavenge 50%
of the DPPH radical.
2.5. Animals and treatment
Adult male Wistar rats (weighing 200–220 g; housed ve per
cage) and adult male Swiss Albino mice (weighing approximately 25 g; housed ten per cage) were purchased from the
Pasteur Institute of Tunis and were used in accordance with the
local ethics committee of Tunis University for the use and care
of animals in accordance with the NIH recommendations. The
rats were provided with food (standard pellet diet, Badr UtiqueTN) and water ad libitum and were maintained in an animal
house at controlled temperature (22  2  C) with a 12 hours
light–dark cycle. The rats were divided into seven groups of 10
animals each. Groups 1 and 2 served as controls and had
bidistilled water (5 mL kg1, b.w., p.o.). Groups 3, 4, and 5 were
pre-treated with various doses of ACAE (100, 200 and 400 mg
kg1, b.w. p.o.), while groups 6 and 7 were pre-treated with
famotidine (20 mg kg1, b.w. p.o.) and caﬀeic acid (50 mg kg1,
b.w. p.o.), respectively. Rats were fasted for 24 h prior to the
administration of ACAE or reference molecules.
Aer 60 min, each animal, except group 1, received aspirin
(300 mg kg1, b.w.) by oral administration. Two hours later, rats
were sacriced. Blood was collected in heparinized tubes. Aer
centrifugation at 3000 g for 15 min, free iron, H2O2 and calcium
were determined from free plasma.
2.6. Acute toxicity study
A. campestris aqueous extract in the dose range of 12.5, 25, 50,
100, 200, 400, 800, 1600 and 3200 mg kg1 was orally administrated to diﬀerent groups of mice (n ¼ 10). Animals were
examined every 30 min for 4 h and then occasionally for an
additional period of 8 h. Aer 24 h, the mortality was recorded.
The mice were also observed for other signs of toxicity such as
motor co-ordination, righting reex and respiratory changes.
2.7. Evaluation of gastric mucosal damage
The stomach of each animal was removed and opened along its
greater curvature. The tissue was gently rinsed with 0.9% NaCl.
The lesions in the gastric mucosa were macroscopically examined, and the photographs of hemorrhagic erosions were
acquired with a Photometrics Quantix digital camera. Ulcer
indexes were determined as the sum of the lengths of the entire

This journal is © The Royal Society of Chemistry 2014
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gastric lesions (in mm2). Two independent, blinded observers
performed the measurements of lesion lengths.
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2.8. Stomach mucosa preparation
Aer the macroscopic analyses, the stomach mucosa was
rapidly excised and homogenized in phosphate buﬀer saline
(KH2PO4/K2HPO4, 50 mM, pH 7.4) with Potter-Elvehjem
homogenizer. Aer centrifugation at 10 000 g for 10 min at
4  C, supernatant was used for the biochemical determination
of protein, free iron, H2O2, calcium, SH– groups, MDA and
antioxidant enzyme activities.

H2O2 (5 mM) was incubated at 37  C for 1 min, and the reaction
was stopped by adding 0.5 mL TCA (5%, w/v). Aer centrifugation at 1500 g for 5 min, an aliquot (0.2 mL) from the supernatant was combined with 0.5 mL of phosphate buﬀer (0.1 M,
pH ¼ 7.4) and 0.5 mL DTNB (10 mM), and the absorbance was
determined at 412 nm. GPx activity was expressed as nmol of
GSH consumed/min/mg of protein.
2.12.

Thiol groups measurement

Immediately aer sacrice, small pieces of stomach were harvested and washed with ice cold saline. Tissue fragments were
then xed in 10% neutral buﬀered formalin solution,
embedded in paraﬃn and used for histopathological examination. 5 mm thick sections were cut, deparaﬃnized, hydrated
and stained with hematoxylin and eosin (HE). The gastric
sections were examined in blind fashion for all the treatments.

The total concentration of thiol groups (–SH) was performed
according to the Ellman's method.27 Briey, aliquots from
stomach mucosa were mixed with 100 mL of 10% SDS and 800
mL of 10 mM phosphate buﬀer (pH 8), and optical density was
measured at 412 nm (A0). Then, 100 mL of DTNB was added and
incubated at 37  C for 60 min. Aer incubation, the absorbance
of the sample was quantied at 412 nm (A1). The concentration
of thiol groups was calculated from A1 to A0 subtraction using a
molar extinction coeﬃcient of 13.6  103 M1  cm1. The
results were expressed as the nmol of thiol groups per mg of
protein.

2.10.

2.13.

2.9. Histopathological analysis

Lipid peroxidation measurement

Gastric mucosa lipid peroxidation was determined by MDA
measurement according to the double heating method.23
Briey, aliquots from gastric mucosa homogenates were mixed
with BHT–TCA solution containing 1% BHT (w/v) dissolved in
20% TCA (w/v) and centrifuged at 1000 g for 5 min at 4  C.
Supernatant was blended with solution containing (0.5 N HCl
120 mM TBA in 26 mM Tris) and then heated at 80  C for during
10 min. Aer cooling, the absorbance of the resulting chromophore was determined at 532 nm using a UV-visible spectrophotometer (Beckman DU 640B). MDA levels were
determined by using an extinction coeﬃcient for MDA–TBA
complex of 1.56  105 M1 cm1.
2.11.

Antioxidant enzyme activity assays

SOD activity was determined using modied epinephrine
assays.24 At alkaline pH, superoxide anion O2 causes the
autoxidation of epinephrine to adenochrome; while competing
with this reaction, SOD decreased the adenochrome formation.
One unit of SOD is dened as the amount of extract that inhibits
the rate of adenochrome formation by 50%. Enzyme extract was
added in 2 mL reaction mixture containing 10 mL of bovine
catalase (0.4 U mL1), 20 mL epinephrine (5 mg mL1) and 62.5
mM sodium carbonate/bicarbonate buﬀer of pH 10.2. Changes
in absorbance were recorded at 480 nm.
CAT activity was assessed by measuring the initial rate of
H2O2 disappearance at 240 nm.25 The reaction mix contained 33
mM H2O2 in 50 mM phosphate buﬀer at pH 7.0, and the activity
of CAT was calculated using the extinction coeﬃcient of
40 mM1 cm1 for H2O2.
GPx activity was quantied by the procedure reported by
Flohé and Günzler.26 Briey, 1 mL of the reaction mixture
containing 0.2 mL of liver supernatant, 0.2 mL of phosphate
buﬀer (0.1 M, pH ¼ 7.4), 0.2 mL of GSH (4 mM) and 0.4 mL of
This journal is © The Royal Society of Chemistry 2014

H2O2 determination

The gastric mucosal H2O2 level was determined following Dingeon et al.28 Briey, hydrogen peroxide reacts with p-hydroxybenzoic acid and 4-aminoantipyrine in the presence of
peroxidase leading to the formation of quinoneimine that has a
pink color detected at 505 nm.
2.14.

Iron measurement

Gastric mucosa and plasma non haem iron were measured
colorimetrically using ferrozine, as described by Leardi et al.29
Briey, the iron dissociated from transferrin-iron complex by
guanidine acetate solution was reduced by ascorbic acid and
was reacted with ferrozine, leading to the formation of a pink
complex measured at 562 nm.
2.15.

Calcium determination

Gastric mucosa and plasma calcium were determined using a
colorimetric method following the method reported by Stern
and Lewis.30 Briey, in alkaline medium, calcium reacted with
cresolphtalein forming a colored complex detectable at 570 nm.
2.16.

Protein determination

Protein concentration was determined according to Hartree31 as
a slight modication of the Lowry method. Serum albumin was
used as a standard.
2.17.

Statistical analysis

The data were analyzed by unpaired Student's t-test and were
expressed as means  standard error of the mean (S.E.M.). The
data are representative of 10 independent experiments. All the
statistical tests were two-tailed, and a p value of 0.05 or less was
considered signicant.
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3.1. HPLC-PDA-ESI-MS/MS analysis
The maximum absorption wavelengths (lmax), parent ion, and
fragment ion masses of the components detected in the
aqueous extract of A. campestris are shown in Table 1, where the
compounds are numbered according to their retention time (tR)
in the obtained chromatograms (Fig. 1).
Overall, 11 phenolic compounds including 5 hydroxycinnamic acid derivatives, 2 glycosylated avonols, 2 glycosylated
avones, 1 avonol aglycone and 1 avone aglycone were
identied.
The identication of hydroxycinnamic acids was based on
UV-DAD spectra conjugated with the MS fragmentation data,
and their retention time was compared with those of the
authentic standards, when available. Consequently, peak 1 (tR ¼
16.5 min) was identied as chlorogenic acid (3-O-caﬀeoylquinic
acid). It showed UV absorption maxima at 325 nm with a
shoulder at 290–300 nm and exhibited deprotonated molecular
ion at m/z 353 with the main MS2 fragment at m/z 191 and 179,
indicating that the caﬀeoyl group is linked to the 3-OH position
of quinic acid.19 The identity of this compound was conrmed
by comparing its UV and MS2 spectra and HPLC retention time
with the standard chlorogenic acid. Peak 2 (tR ¼ 17.2 min; lmax
323 nm; [M  H] at m/z 179) was identied as caﬀeic acid by
comparing its UV and mass spectra and its tR with those of a
reference standard.
Peaks 4 (tR ¼ 23.9 min; lmax 327 nm), 5 (tR ¼ 24.1 min; lmax
329 nm) and 6 (tR ¼ 24.6; lmax 329) displayed the same deprotonated molecular ion at m/z 515 and the [M  H] ion at m/z
353, indicating the loss of a caﬀeoyl residue. Based on the
hierarchical key proposed by Cliﬀord et al.19 and their order of
elution, they were tentatively identied as 3,4-dicaﬀeoylquinic
acid (compound 4), 3,5-dicaﬀeoylquinic acid (compound 5) and
4,5-dicaﬀeoylquinic acid (compound 6).
Peak 3 (tR ¼ 21.4 min; lmax 259–357 nm) showed characteristic UV absorption of avonols and exhibited [M  H] ion at
m/z 477. Its MS2 spectra gave [M  H-162] ion at m/z at 315,
indicative of the aglycone isorhamnetin. This compound was
tentatively identied as isorhamnetin hexoside.20
Peak 7 (tR ¼ 25.1 min; lmax 260–359 nm) gave a [M  H] ion
at m/z 477 and its MS2 fragmentation yielded a fragment ion at
Table 1

m/z 301 (quercetin aglycone) due to the loss of a glucuronic acid
moiety (176 da). This compound was tentatively identied as
quercetin-3-O-glucuronide.
Peaks 8 (tR ¼ 25.7 min) and 9 (tR ¼ 27.7 min) showed similar
UV spectra with maximum absorbance at 267 and 337 nm,
respectively, which represented characteristic UV absorption of
avone. Compound 8 displayed a deprotonated molecular ion
at m/z 431 and gave a fragment ion at m/z 269 (apigenin aglycone), suggesting the loss of hexose moiety (162 da). As it is
known, the most common substitution position for avones is
the 7-OH. Therefore, compound 8 was tentatively identied as
apigenin-7-O-hexoside.21 Compound 9 exhibited [M  H] ion at
m/z 577 and its MS2 spectrum gave a fragment ion at m/z
517[M  H-60], at m/z 401 (loss of glucuronic acid moiety
[M  H-176]) and a fragment ion at m/z 269 (loss of pentose
moiety [M  H-glucuronic acid-132]) assigned as the aglycone
apigenine. Because the fragment ion [M  H-60] had a higher
intensity for C-6 glycoside than for C-8 glycoside and indicated
the fragmentation of a C-pentose unit,19 it is plausible to identify
compound 9 as apigenin-6-C-glucuronide-8-C-pentoside.
Peak 10 (tR ¼ 30.03 min), which displayed a [M  H] ion at
m/z 285 and had maximum UV absorbance at 253 and 347 nm,
was identied as kaempferol by comparing its UV and MS
spectra and HPLC retention time with those of a reference
standard.
By using the same procedure, compound 11 (tR ¼ 30.03 min;
lmax 267–337 nm) with [M  H] ion at m/z 269 was unequivocally identied as apigenin.
3.2. Antioxidant capacity of ACAE
Concerning the antioxidant capacity, we found that the radicalscavenging activity of ACAE and ascorbic acid against DPPH
radical increased signicantly in a dose-dependant manner
(Fig. 2). The EC50 values calculated from the graph demonstrated a higher rate of RSA for ACAE (EC50 ¼ 160.64 mg mL1)
but lesser than that of ascorbic acid (EC50 ¼ 72.59 mg mL1), a
well-known antioxidant reference molecule.
3.3. Acute oral toxicity of CDE
In the acute oral toxicity study, neither abnormal behavior nor
mortality was detected during the observation period. Thus, the

Characterisation of phenolic compounds of Artemisia campestris aqueous extract by HPLC-DAD-ESI-MS/MS

Peak no.

tR (min)

UV lmax (nm)

[M  H]
(m/z)

Fragment
ion (m/z)

Composition
(%)

Tentative identication

1
2
3
4
5
6
7
8
9
10
11

16.5
17.2
21.4
23.9
24.1
24.6
25.1
25.7
27.7
30.03
32.88

242, 298 (sh), 325
242, 296 (sh), 323
259, 357
241, 298 (sh), 327
241, 298 (sh), 329
241, 298 (sh), 329
265, 349
267, 337
267, 339
253, 270 (sh), 347
267, 337

353
179
477
515
515
515
477
431
577
285
269

191; 179

4.3
2.15
5.37
0.24
0.78
0.93
0.05
6.42
15.52
2.74
62.42

Chlorogenic acid
Caﬀeic acid
Isorhamnetin hexoside
3,4-Dicaﬀeoylquinic acid
3,5-Dicaﬀeoylquinic acid
4,5-Dicaﬀeoylquinic acid
Quercetin-3-O-glucuronide
Apigenin-7-O-hexoside
Apigenin-6-C-glucuronide-8-C-pentoside
Kaempferol
Apigenin
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353, 191, 179
353, 191, 179
353, 191, 179
301
269
517, 401, 269
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HPLC-DAD chromatograms monitored at 280 nm of (A) Artemisia campestris aqueous extract (ACAE) and (B) standard mixture.

LD50 value was greater than 3200 mg kg1 b.w. for A. campestris
aqueous extract.
3.4. Eﬀect of ACAE on aspirin-induced acute macroscopic
gastric injury
The macroscopic examination of gastric mucosa showed that
aspirin administration exhibited injuries, including hemorrhage and hyperemia. ACAE, famotidine and caﬀeic acid treatment showed a dose dependant decrease in all the macrospical
Subacute eﬀect of Artemisia campestris aqueous extract
(ACAE), famotidine and caﬀeic acid on macroscopic changes induced
by aspirin in rats. Animals were pre-treated with various doses of ACAE
(100, 200 and 400 mg kg1, b.w., p.o.), famotidine (20 mg kg1, b.w.,
p.o.), caﬀeic acid (50 mg kg1, b.w., p.o.) or bi-distilled water, challenged with a single oral administration of aspirin (300 mg kg1, b.w.,
p.o.) or NaCl (9%) for one hour.
Fig. 3

toxic signs compared with the aspirin treated group (Fig. 3).
Moreover, quantitative analysis showed that pre-treatment with
Artemisia campestris or reference molecules signicantly and
dose-dependently reduced the ulcer index and ameliorated the
protection of injury induced by aspirin administration (Table 2).

3.5. Eﬀect of ACAE on aspirin-induced acute
histopathological gastric injury

Fig. 2 Free radical-scavenging activity of the Artemisia campestris
aqueous extract (ACAE) and ascorbic acid on 2,2-diphenyl-1-picrylhydrazyl (DPPH).

This journal is © The Royal Society of Chemistry 2014

Histological observation demonstrated that gastric mucosa of
rats pre-treated with H2O and intoxicated with aspirin at 300 mg
kg1 showed marked erosive lesions in the gastric tissue. ACAE,
famotidine and caﬀeic acid pre-treatment signicantly reduced
the structural changes induced by aspirin intoxication (Fig. 4).
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Table 2 Subacute eﬀect of Artemisia campestris aqueous extract (ACAE), famotidine and caﬀeic acid on macroscopic changes induced by
aspirin in rats: ulcer index and inhibition percentage. Animals were pre-treated with various doses of ACAE (100, 200 and 400 mg kg1, b.w., p.o.),
famotidine (20 mg kg1, b.w., p.o.), caﬀeic acid (50 mg kg1, b.w., p.o.) or bi-distilled water, and they were challenged with a single oral
administration of aspirin (300 mg kg1, b.w., p.o.) or NaCl (9%) for one houra

Group

Rats number

Ulcer index (mm2)

Protection percentage (%)

Control
Aspirin
Aspirin +
Aspirin +
Aspirin +
Aspirin +
Aspirin +

10
10
10
10
10
10
10

—
62.75  2.28*
42.25  2.75#
31.52  2.41#
13.66  4.23 #
15.5  1.32#
09.25  1.54#

—
00
32.66
49.76
78.23
75.29
85.25

a

ART-100
ART-200
ART-400
FAM
CA

*: p < 0.05 compared to control group and #: p < 0.05 compared to aspirin group.

Fig. 4 Subacute eﬀect of Artemisia campestris aqueous extract (ACAE), famotidine and caﬀeic acid on histological changes induced by aspirin in
rats. Animals were pre-treated with various doses of ACAE (100, 200 and 400 mg kg1, b.w., p.o.), famotidine (20 mg kg1, b.w., p.o.), caﬀeic acid
(50 mg kg1, b.w., p.o.) or bi-distilled water, challenged with a single oral administration of aspirin (300 mg kg1, b.w., p.o.) or NaCl (9%) for one
hour.

3.6. Eﬀects of ACAE on aspirin-induced gastric mucosa
lipoperoxidation
To investigate the implication of oxidative stress in the gastroprotective eﬀect of Artemisia campestris, stomach mucosa
was rst assessed for MDA determination. We showed that
aspirin administration signicantly increased stomach
mucosal MDA level. More importantly, ACAE pre-treatment
signicantly and dose-dependently reduced gatric lipoperoxidation induced by NSAIDs intoxication (Fig. 5). Lipoperoxidation was also corrected by famotidine and caﬀeic
acid administration.

3.7. Eﬀects of ACAE on depletion of aspirin-induced mucosa
antioxidant enzyme activities
We also studied the gastric antioxidant enzyme activities
(Fig. 6). As expected, aspirin treatment signicantly decreased
stomach mucosa antioxidant enzyme activities as SOD (A), CAT
(B) and GPx (C). Pre-treatment with ACAE, famotidine or caﬀeic
acid signicantly reversed all the aspirin-induced reductions in
antioxidant enzyme activities to near control in a dosedependent manner.
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Subacute eﬀect of Artemisia campestris aqueous extract
(ACAE), famotidine and caﬀeic acid on aspirin-induced changes in
stomach mucosal MDA level in rats. Animals were pre-treated with
various doses of ACAE (100, 200 and 400 mg kg1, b.w., p.o.), famotidine (20 mg kg1, b.w., p.o.), caﬀeic acid (50 mg kg1, b.w., p.o.) or bidistilled water, challenged with a single oral administration of aspirin
(300 mg kg1, b.w., p.o.) or NaCl (9%) for one hour. Assays were carried
out in triplicate. *: p < 0.05 compared to control group and #: p < 0.05
compared to aspirin group.
Fig. 5
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Fig. 7 Subacute eﬀect of Artemisia campestris aqueous extract
(ACAE), famotidine and caﬀeic acid on aspirin-induced changes in
stomach mucosa SH– groups level in rats. Animals were pre-treated
with various doses of ACAE (100, 200 and 400 mg kg1, b.w., p.o.),
famotidine (20 mg kg1, b.w., p.o.), caﬀeic acid (50 mg kg1, b.w., p.o.)
or bi-distilled water, challenged with a single oral administration of
aspirin (300 mg kg1, b.w., p.o.) or NaCl (9%) for one hour. Assays were
carried out in triplicate. *: p < 0.05 compared to control group and #:
p < 0.05 compared to aspirin group.

groups induced by aspirin administration. This eﬀect was also
signicantly corrected by subacute famotidine and caﬀeic acid
pre-treatment (Fig. 7).
3.9. Eﬀects of ACAE on aspirin-induced gastric mucosa
elevation of iron, H2O2 and calcium
We further examined the eﬀect of aspirin and ACAE on intracellular mediators as hydrogen peroxide, free iron and calcium
levels in gastric mucosa (Table 3). Aspirin per se signicantly
increased free iron, H2O2 and calcium levels. However, subacute pre-treatment with ACAE, famotidine or caﬀeic acid
signicantly reduced the deregulation of aspirin-induced
intracellular mediators in a dose-dependent manner. ACAE
alone had no considerable eﬀects on these parameters.

Subacute eﬀect of Artemisia campestris aqueous extract
(ACAE), famotidine and caﬀeic acid on aspirin-induced changes in
stomach mucosa antioxidant enzyme activities: SOD (A), CAT (B) and
GPx (C) in rats. Animals were pre-treated with various doses of ACAE
(100, 200 and 400 mg kg1, b.w., p.o.), famotidine (20 mg kg1, b.w.,
p.o.), caﬀeic acid (50 mg kg1, b.w., p.o.) or bi-distilled water, challenged with a single oral administration of aspirin (300 mg kg1, b.w.,
p.o.) or NaCl (9%) for one hour. Assays were carried out in triplicate. *:
p < 0.05 compared to control group and #: p < 0.05 compared to
aspirin group.
Fig. 6

3.8. Eﬀects of ACAE on aspirin-induced changes in gastric
mucosa –SH group's content
Moreover, we examined the eﬀect of ACAE and aspirin treatment on sulydril levels. As expected, gastric mucosa injuries
were accompanied by a signicant decrease in –SH groups
content. Subacute Artemisia campestris pre-treatment signicantly and dose-dependently corrected the decrease in thiol

This journal is © The Royal Society of Chemistry 2014

4. Discussion
The present study was undertaken to investigate the protective
eﬀect of Artemisia campestris aqueous extract on aspirininduced gastric ulceration. We also investigated the implication of oxidative stress as well as some gastric mucosal defence
mechanisms in this eventual gastroprotection.
A phytochemical study of the ACAE using HPLC-PDA-ESI-MS/
MS analysis allowed the identication of 11 phenolic
compounds: chlorogenic acid, caﬀeic acid, isorhamnetin
hexoside, 3,4-dicaﬀeoylquinic acid, 3,5-dicaﬀeoylquinic acid,
4,5-dicaﬀeoylquinic acid, quercetin-3-O-glucuronide, apigenin7-O-hexoside, apigenin-6-C-glucuronide-8-C-pentoside, kaempferol and apigenin. These molecules were previously reported in
many plant extracts and are known for their antioxidant and
gastroprotective properties.32 In this respect, the DPPH radicalscavenging assay was investigated. We showed that ACAE
presents a higher scavenging capacity but lesser than that of
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Table 3 Subacute eﬀect of Artemisia campestris aqueous extract (ACAE), famotidine and caﬀeic acid on aspirin-induced changes in stomach
mucosa and plasma hydrogen peroxide, free iron and calcium levels in rats. Animals were pre-treated with various doses of ACAE (100, 200 and
400 mg kg1, b.w., p.o.), famotidine (20 mg kg1, b.w., p.o.), caﬀeic acid (50 mg kg1, b.w., p.o.) or bi-distilled water, and were challenged with a
single oral administration of aspirin (300 mg kg1, b.w., p.o.) or NaCl (9%) for one hour. Assays were carried out in triplicatea
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Hydrogen peroxide

Free iron

Group

Gastric mucosa (nmol
per mg per protein)

Plasma
(nmol mL1)

Gastric mucosa (mmol
per mg per protein)

Control
Aspirin
Aspirin +
Aspirin +
Aspirin +
Aspirin +
Aspirin +

95.6  6.72
309.5  14.59*
159.2  18.57#
136.8  10.66#
109.8  11.13#
108.5  16.07#
135.6  11.02#

956 
1800 
1451.67 
1210 
967.5 
1117.5 
1003 

22.75
60.00
46.67
33.75
20.00
43.50
30.75

a

ART-100
ART-200
ART-400
FAM
CA

35.58
113.73*
16.18#
91.76#
39.85#
71.96#
53.35#

 1.84
 4.40*
 2.94#
 2.72#
 2.39#
 4.11#
 4.14#

Calcium
Plasma
(nmol mL1)

Gastric mucosa (mmol
per mg per protein)

Plasma
(mmol mL1)

0.97  0.04
1.23  0.04*
1.10  0.04#
1.05  0.03#
1.03  0.02#
0.96  0.04#
0.96  0.04#

115.52  7.26
285.20  9.64*
183.11  11.85#
141.47  8.14#
119.74  11.70#
165.91  10.70#
213.20  12.72#

1.68  0.1
2.78  0.08*
2.19  0.1#
1.93  0.09#
1.77  0.05#
1.92  0.1#
2.09  0.09#

*: p < 0.05 compared to control group and #: p < 0.05 compared to aspirin group.

ascorbic acid used as reference molecule. The antioxidant
capacity of ACAE is mainly related to the higher levels of polyphenols and avonoids (data not shown). However, a positive
correlation between phenolic compounds and antioxidant
capacity is common in the majority of natural extracts.33,34
In vivo, we rst showed that acute aspirin administration
clearly induced macroscopic injuries, including hemorrhage
and hyperemia, as well as histopatological changes such as
erosive lesions. Synthetic non-steroidal anti-inammatory
drugs (NSAIDs), such as aspirin, causes mucosal damage by
interfering with prostaglandin synthesis, increasing acid
secretion and blocking H+ diﬀusion.35 Nevertheless, the key
mechanism of NSAIDs-induced gastric ulceration is the irreversible and non-selective inhibition of cyclooxygenase
activity, which interferes with the synthesis of prostaglandins.
This triggers the eﬀects derived from PG depletion, and
shuttles the arachidonic acid metabolism toward the lipoxygenase pathway, increasing the formation of vasoconstrictor leukotrienes.36,37
Our data also showed that sub-acute pre-treatment with
ACAE, famotidine or caﬀeic acid abolished all macroscopic and
microscopic changes induced by aspirin intoxication in a doserelated manner. Concerning ACAE acute toxicity, we showed
that the LD50 value was greater than 3200 mg kg1 b.w. and
neither mortality nor behavior impairment were observed
during the observation period. However, aspirin-induced
gastric ulceration has been previously shown to be attenuated
by many plants extracts such as Chamaemelum nobile,38 Rubia
cordifolia,39 Allium sativum,40 Centaurium erythraea,41 Cucurbita
pepo42 as well as grape seed extract.9
Importantly, in the present study, we showed that acute
aspirin administration induced an oxidative stress status in the
gastric mucosa assessed by an increase in lipoperoxidation level
as well as a depletion of antioxidant enzyme activities such as
SOD, CAT and GPx. These data fully corroborated previous
reports, indicating that NSAIDs-induced gastric mucosal
injuries, including aspirin, are accompanied by an oxidative
stress status.43–45
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Aspirin, when used at the therapeutic level, is safe and
broadly utilized as NSAIDs but higher doses or prolonged use of
this drug may induce gastrointestinal erosions and apoptotic
lesions.46 NSAIDs also exert other biological eﬀects, including
the generation of ROS and the inhibition of NF-kB-mediated
signals.47 Excessive ROS production causes lipid membranes
and protein attack as well as ultimately disrupting cellular
integrity, leading to incontrollable oxidative stress status.48
Importantly, in the present work, we showed that Artemisia
campestris pre-treatment protects against aspirin-induced
oxidative stress in gastric mucosa. A. campestris has recently
been proven to be rich in bioactive compounds such as polyophenols.13,15 These molecules are the primal source of the
antioxidant ability of this plant by scavenging free radicals, such
as hydroxyl radical (OHc), which is the major cause of lipid
peroxidation.49 Because of their antioxidant ability, A. campestris
extrats were shown to have many benecial health eﬀects in
vivo14–16 and in vitro.15 However, kaempferol, apigenin or its
derivatives identied in the ACAE were previously presented as
having both antiulcer and antioxidant properties.50,51 To the
best of our knowledge, our report is the rst to deal with the
protective eﬀect of A. campestris aqueous extract on acute
aspirin-induced injuries in the rat gastric mucosa.
In this respect, ACAE has also been shown to protect against
the decrease of thiol groups levels induced by aspirin treatment.
It is well-known that sulydryls are in part involved in gastric
cytoprotection.52,53 However, sulydryls are known to maintain
the integrity of mucosal barrier and scavenge free radicals
formed due to the action of noxious agents.54 The capacity of
aspirin to decrease the level of sulydryl groups was previously
shown in gastric mucosa55 and liver.56 The problem of NSAIDs,
such as aspirin, eﬀect on sulfur metabolism has already been an
interesting domain of investigation. In this respect, it has been
demonstrated that aspirin is eﬀective in promoting increased
sulphate incorporation into the bone-forming regions of the
chick.57 However, it is tempting to speculate that aspirin and
ACAE exert opposite eﬀects on sulydryl groups in gastric
mucosa. The same mechanism was previously described but for

This journal is © The Royal Society of Chemistry 2014

View Article Online

Published on 18 September 2014. Downloaded by INSTITUT PASTEUR- CeRIS on 04/10/2017 10:18:01.

Paper

RSC Advances

an EtOH-induced SH-group level decrease using silymarin as a
gastoprotective mediator.55
More interestingly, in the present work, we showed that A.
campestris pre-treatment abolished acute aspirin-induced
increases in H2O2, free iron and calcium levels in plasma and
gastric mucosa. However, iron and H2O2 accumulation catalyzed the highly toxic hydroxyl radical (OHc) production via the
Fenton reaction, leading to membrane lipoperoxidation and
enhancement of its permeability to calcium.58
It is generally reported that oxidants can cause a rapid
increase in cytoplasm calcium levels in various cell types.59,60
This increase may be due to both the release of calcium from
internal cellular organelles, such as the endoplasmic or sarcoplasmic reticulum, or its import from extracellular space across
the plasma membrane. This function is dependent on calcium
concentration and the involved oxidants.61 Indeed, high
concentrations of hydrogen peroxide were previously shown to
induce a cytosolic calcium increase accompanied by a reduction
in extracellular levels.62 Thus, we can speculate that aspirin and
ACAE exerted opposite eﬀects on free iron and hydrogen
peroxide leading to calcium homeostasis.

5.

Conclusion

The results of the present study clearly indicate that A. campestris aqueous extract protected against aspirin-induced
lesions in gastric mucosa. Our results also demonstrated that
AEAC gastroprotection might be related, at least in part, to its
antioxidant properties as well as to various gastric mucosal
defence mechanisms, including the protection of gastric sulfhydryls and an opposite eﬀect on some intracellular mediators
such as free iron, hydrogen peroxide and calcium.
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