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The existence of numerous side effects following the use of anti-inflammatory drugs has led to the present study
about Mentha rotundifolia L. The plant is prescribed in folk medicine treatment of inflammatory diseases to
discover biomolecules that have substantial beneficial effects with the least adverse effects. In this study, the
anti-inflammatory and analgesic effects of polyphenols fromMentha rotundifolia L. leaves extractwere evaluated,
using carrageenan-induced mice paw edema model and acetic acid induced writhing method. The effects on
oxidative stress of plant extract were also evaluated after sacrifice of the experimental mice. The extract showed
a dose dependent effect on inflammation inhibition. The highest percentage of edema inhibitionwas 84.49% after
4 h at dose of 600 mg/kg. The extract showed a significant (p b 0.05) dose dependent increase in reaction time
in mice in writhing method at doses of 200, 400, and 600 mg/kg. The result revealed also significant increases
(p b 0.05) in the activities of catalase (CAT), superoxide dismutase (SOD), glutathione (GSH) and significant
decreases in the malondialdehyde (MDA) level activity in the liver homogenate after Carrageenan injection, in
comparison with the inflammatory group. The results suggest that the polyphenolic extract of Mentha
rotundifolia L. possesses anti-inflammatory and analgesic activities. It possesses also in vivo antioxidant activity
and can be employed in protecting tissue from oxidative stress.

© 2017 SAAB. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Inflammation is a physiological defense mechanism resulting from
an attack to the body to isolate and repair the tissue damage. It plays a
protective role by participating in the process of innate defense of
the body and manifests itself clinically by four cardinal signs such as
redness, heat, pain, and edema.

The inflammatory process involves the release of pro-inflammatory
cytokines, prostaglandins, and the formation of reactive oxygen species
(ROS). Excessive inflammatory mediators lead to maintain inflamma-
tion and induce a chronic inflammation (Mouhibatou et al.,
2016). Treating inflammation with the analgesic, nonsteroidal anti-
inflammatory drugs (NSAIDs), and corticosteroids makes us face
a new era of people presenting symptoms of analgesic abuse and
their hostile effects like gastric discomfort, gastric erosion, and hyper-
sensitivity reactions (Santangelo et al., 2007). With the progress of
more and more synthetic drugs which have adverse effects, it is time
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to consider indigenous herbal plants as possible remedies. This has
sped up the global effort to collect those medicinal plants that have
substantial beneficial effects with the least adverse effects. Lamiaceae
is one of the most widely used families as a source of biomolecules
with high antioxidant effect. In this family, the Mentha genus includes
several species such asMentha rotundifolia L.which iswidely distributed
around the Mediterranean basin, in America and in occidental
Asia (Mailhebiau, 1994; Bezanger-Beauquesne and Pinkas, 1980). In
Algeria and northern Africa, this aromatic plant is well known such as
“timarssad”. It has been applied in the traditional medicine for a wide
range of actions including tonic, stomachic, carminative, analgesic,
antispasmodic, anti-inflammatory, sedative, hypotensive, and insecti-
cidal potentials (Bremnes, 2002). Mentha rotundifolia L. total phenolic
content was considered in literature but there are very few reports
studying the in vivo anti-inflammatory, analgesic and antioxidant
activities of Mentha rotundifolia L. leaves, especially in Algeria, where
no published reports concerning these effects were found. Thus, the
present study was aimed to investigate the role of administration of
polyphenolic extract from Mentha rotundifolia L. leaves in alleviating
inflammation of carrageenan-induced mice paw edema and its
analgesic activity. Also, attempts have been made to explore its effects
on oxidative stress.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.sajb.2017.07.003&domain=pdf
http://dx.doi.org/10.1016/j.sajb.2017.07.003
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2. Materials and methods

2.1. Plant material and extraction

The leaves of Mentha rotundifolia L. were collected in September
2015 from Taher at Jijel, in the North East of Algeria. Voucher specimens
were deposited in the Herbarium of the Agronomic Institute of the
Hassiba Ben Bouali, University of Chief in Algeria. The plant material
was stored at room temperature in a dry place until used. Air-dried
leaves were ground using an electric grinder (Sayona model: Sy-601,
China) in order to get a fine powder (Awika et al., 2005). The sieving
was achieved with a sifter (Retsch, Germany) with a pore diameter of
50 μm. The plant powder was then kept in small bottles of tinted glass
to avoid the oxidization of their compounds. Polyphenols extraction
was carried out by maceration at ambient temperature for 48 h in
methanol–water solvent mixture (80:20, v/v) at a solid–liquid ratio of
1:10 (w/v) with continuous stirring. The hydro-methanolic extract
was filtrated by No.1 Whatman Millipore filter paper. The resultant
hydro-methanolic filtrate was refluxed with hexane for delipidation as
described (Yu et al., 2005). Then thefiltratewas concentrated in a rotary
evaporator to have a crude dried methanol extract. The extract was
dissolved in normal saline for realization of the in vivo studies.

2.2. Determination of total phenolic content

The total phenols content was determined by Folin–Ciocalteu
method (Othman et al., 2007). An aliquot of 0.2 ml of sample was
dissolved in 1.5 ml diluted Folin–Ciocalteu reagent (1/10 dilution
factor). The obtained solutions were mixed and incubated at room
temperature for 5min. A volume of 1.5ml of 7.5% (w/v) sodiumcarbon-
ate (Na2CO3) solution was then added. After 90 min, the absorbance
was measured at 725 nm. Gallic acid was used as standard for the
calibration curve. Results were expressed as Gallic Acid Equivalents
(GAE) per g of crude extract. All samples were analyzed three times
and the mean value was calculated.

2.3. Determination of total flavonoid content

The extracts flavonoid content was determined by a Shimadzu UV
mini 1240 spectrophotometer according to the method of Djeridane
et al. (2006). This method is based on the formation of a flavonoid–
aluminum complex that has a maximum absorbance at 430 nm.
Quercetin was used to make the calibration curve. A 1.5 ml of diluted
sample wasmixedwith 1.5ml of 2% (w/v) aluminum chloride solution.
After incubation at room temperature in the dark for 30 min, the
absorbance of the reaction mixture was measured at 430 nm. The
flavonoids content was expressed as Quercetin Equivalents (QE) per g
of crude extract. The test is carried out in three replicates.

2.4. Experimental animals

All the experiments were carried out using Swiss albino mice (25–
30g) of either sex obtained fromPasteur institute. Animalswere housed
at a temperature of 24 ± 2 °C and relative humidity of 60–70%. A 12-h
light/12-h dark cycle was followed. All animals were allowed to free
access to water and fed with standard commercial mice chaw pallets.
All the experimental procedures were conducted in accordance with
the ethical guidelines for the care and use of laboratory animals.

2.5. Acute toxicity

The acute toxicity test was carried out for Mentha rotundifolia L. to
evaluate any possible toxicity. Mice (n = 5) of either sex were treated
with a single oral dose of the extract (5000 mg/kg), while the control
group received saline (10 ml/kg). The mice were observed for any
gross effect and mortality for 1, 4, and 24 h after treatment. Animals
were further observed for up to seven days for any signs of delayed
toxicity and mortality.

2.6. Carrageenan-induced mice paw edema

The method of Winter et al. (1962) was used to assess the anti-
inflammatory effect of polyphenols extract of Mentha rotundifolia L.
leaves. Thirty mice were randomly divided into six groups (five mice
in each group) and treated as follows:

Group 1: normal control mice given distilled water (vehicle).
Group 2: inflammatory control mice given distilled water.
Group 3: inflammatory mice given Mentha rotundifolia L. leaves
extract at a dose of 200 mg/kg bw (bw = body weight).
Group 4: inflammatory mice given Mentha rotundifolia L. leaves
extract at a dose of 400 mg/kg bw.
Group 5: inflammatory mice given Mentha rotundifolia L. leaves
extract at a dose of 600 mg/kg bw.
Group 6: inflammatorymice given Ibuprofen (standard) at a dose of
200 mg/kg bw.

A volume of 50 μl of a 1% carrageenan solution (0.9% NaCl) was
injected into the foot pad of the right hind paw of mice, 1 h after
substance administration (polyphenols extract, sterile distilled water,
and Ibuprofen). The volume of edema was measured 1 h prior to, and
1, 2, 3 and 4 h after carrageenan injection with calibrated digital
thickness gauge (Shanghai, China). The anti-edemaeffectwas evaluated
by using the following formula:

%Inhibition ¼ Pt−P0ð Þ
P0

� 100 ð1Þ

Pt represents the volumeof the right hind pawafter carrageenan
treatment.

P0 represents the volume of the right hind paw before
carrageenan treatment.

At the end of the experiment, the animals were sacrificed by cervical
dislocation and the livers were collected for cytosolic fraction prepara-
tion for evaluation of in vivo antioxidant studies.

2.7. Analgesic activity

The method of Koster et al. (1959) was used for this activity. The
mice were divided into five groups of five mice each and fasted over-
night. The animals were treated with Aspirin (150 mg/kg, p.o.), saline
solution (10 ml/kg, p.o.) and Mentha rotundifolia L. (200, 400 and
600 mg/kg, p.o.). The mice were treated with acetic acid (0.6%, v/v in
saline, 10 ml/kg, i.p.) 1 h after the above treatment was carried out.
The number of abdominal writhes (full extension of both hind paws)
was cumulatively counted every 5min over a period of 25min immedi-
ately after the acetic acid injection. The analgesic effectwas expressed as
reduction percentage of contortions by using the following formula:

%Inhibition ¼ Nte−Ntð Þ
Nte

� 100 ð2Þ

Nte number of contortion of the negative control.
Nt number of contortion batch test or the positive control.

2.8. In vivo antioxidant activity

2.8.1. Preparation of mice liver cytosolic fraction
Mice livers were removed immediately after sacrifice and rinsed

with ice-cooled distilled water followed by ice-cooled 0.1 M potassium



Table 1
Total phenols and flavonoid contents of methanolic extract of Mentha rotundifolia L.
leaves.

Total phenols and flavonoid contents Amount

Total phenolic content (mg GAE/g CE) 350.10 ± 0.96
Total flavonoid content (mg QE/g CE) 79.44 ± 0.76
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phosphate buffer (pH 7.4), blotted dry, andweighed. Isolatedmice liver
sampleswere homogenized in 3 volumes of 0.1Mpotassiumphosphate
buffer (pH 7.4) containing 1.17% potassium chloride, using a Potter–
Elvehjem homogenizer. After centrifugation of the homogenate fraction
at 800 rpm for 15 min at 4 °C, the resultants supernatants were centri-
fuged at 9600 rpm for 45 min at 4 °C. The supernatants obtained were
cytosolic fractions. The protein concentration was determined accord-
ing to the method of Bradford (1976) using bovine serum albumin as
the standard. The cytosolic fractions were stored at −80 °C until used.

2.8.2. Estimation of lipid peroxidation
Lipid peroxidation was assayed by the measurement of

malondialdehyde (MDA) levels on the basis of reaction with thiobarbi-
turic acid (TBA) (Okhawa et al., 1979). In this method, 1 ml of liver
tissue was taken and to it 0.5 ml of 20% TCA was added, followed
by 0.5 ml of 0.67% TBA reagent. The tubes were then covered with
aluminum foil and kept in shaking water bath for 30 min at 80 °C.
After 30 min tubes were taken out and kept in ice-cold water for
30 min. Four milliliters of n-butanol were then added and the tubes
were centrifuged at 3000 rpm for 15 min. The optical density of the
supernatant was recorded at 532 nm. A standard curve was obtained
with a known amount of 1.1.3.3.-tetraethoxypropane, using the same
assay procedure. The MDA was expressed in μmol/g of tissue.

2.8.3. Estimation of catalase activity (CAT)
Catalase activity was evaluated according to the method of

Clairborne (1985). The estimation was measured in which supernatant
(0.025 ml) was added to cuvette containing 1 ml of 0.1 M phosphate
buffer (pH 7.4). Reaction was started by the addition of 0.950 ml of
freshly prepared 0.019 M H2O2. The rate of decomposition of H2O2

was measured spectrophotometrically from changes in absorbance
at 240 nm. Activity of catalase was expressed as units/mg protein
according to the following formula:

Units=mg protein ¼ 2:3033=Tð Þ log A1=A2ð Þ=mg protein ð3Þ

A1 is the absorbance at time 0 min.
A2 is the absorbance at time 1 min.
T is the time interval in minute.

2.8.4. Estimation of superoxide dismutase activity (SOD)
The activity of SOD was assayed according to the procedure of

Beauchamp and Fridovich (1971). The reaction mixture was prepared
by mixing of riboflavin (2 × 10−6 M), sodium cyanide (2 × 10−5 M),
methionine (10−2 M), EDTA (6.6 × 10−3 M), and nitroblue tetrazolium
(NBT 1.76 × 10−4 M). To 2 ml of this mixture, 5 μl of the cytosolic
fraction were added. The cocktail was mixed and illuminated for
10 min in an aluminum foil coated wooden box containing two 20 W-
Philips fluorescent lamps fitted parallel to each other. The change in
absorbance was recorded at 560 nm using a UV spectrophotometer.
The control was simultaneously prepared without liver homogenate.
Units of SOD activity were expressed as the amount of enzyme required
to inhibit the reduction of NBT by 50%. The specific activity was
expressed in terms of units per milligram of proteins:

%Inhibition ¼ DOcontrol−DOsample

DOcontrol
� 100 ð4Þ

SOD Units=mg protein ¼ %inhibition� 6:35 ð5Þ

2.8.5. Estimation of glutathione (GSH)
The estimation of the reduced glutathione (GSH) level was done

following the method of Ellman (1959). Three volumes of 5% TCA was
added to 1 g of liver and centrifuged at 2000 rpm for 15 min. After
centrifugation, 50 μl of the resultant supernatant was diluted in 10 ml
phosphate buffer (0.1 M, pH = 8), and to this mixture was added
20 μl of 0.01 M DTNB. After incubation for 15 min, solutions were mea-
sured at 412 nm against blank. Absorbance values were compared with
a standard curve generated from standard curve of known GSH level.
The glutathione level in liver was calculated as mmol/g liver.
2.9. Statistical analysis

All values were expressed as mean ± standard deviation (SD). Data
were compared on the basis of the mean values. Differences among
means of variety groups were tested using a Tukey–Kramer HSD
(Software JMP version 7.0) with a significance level of 0.05.
3. Results

3.1. Determination of total phenolic and flavonoid contents

Total phenol compounds in the methanolic extract of Mentha
rotundifolia L. leaves, as determined by the Folin–Ciocalteu method,
are reported as Gallic Acid Equivalents (GAE) by reference to standard
curve (y = 0.0024x + 0.0886, r2 = 0.9142). From the results summa-
rized in Table 1we can easily conclude thatMentha rotundifolia L. leaves
are rich in phenolic compounds. The total flavonoid contents were also
higher in the extract with 79.44± 0.76mgQuercetin Equivalent (QE)/g
of crude extract(CE) by reference to standard curve (y = 0.0087x +
0.1121, r2 = 0.9608).
3.2. Acute toxicity

Oral administration of Mentha rotundifolia L. extract at 5000 mg/kg
did not produce any mortality. The extract did not produce significant
changes in behavior during the time of observation.
3.3. In vivo anti-inflammatory effect

In vivo anti-inflammatory activity ofMentha rotundifolia L. extract at
doses of 200, 400, and 600 mg/kg bw in carrageenan induced paw
edema model is shown in Table 2. The extract caused dose dependent
inhibition of increase in paw edema from 1 to 4 h. The peak inhibitory
effect of the extract was recorded with a dose of 600 mg/kg (84.49%)
at 4 h. Ibuprofen showed statistically a significant anti-inflammatory
activity with the highest inhibition (92.45%) of paw edema at 4 h after
carrageenan injection.
3.4. In vivo analgesic effect

The results in Table 3 shows that extract of Mentha rotundifolia L. at
doses of 200, 400, and 600 mg/kg bw had significantly analgesic effects
(p ≤ 0.05) and dose dependent with inhibition percentages from 79.05
to 85.29%. Aspirin induced protection 82% against the contractions
induced by acetic acid. The analgesic effect of the extract (at 600 mg/kg
bw) was greater than the Aspirin (150 mg/kg bw).



Table 2
Effect ofMentha rotundifolia L. leaves extract on carrageenan-induced mice paw edema volume.

Treatment Doses (mg/kg bw) Right hind paw volume (% inhibition)

1 h 2 h 3 h 4 h

Control – 2.75 ± 0.15 3.15 ± 0.04 3.30 ± 0.04 3.33 ± 0.025
Ibuprofen 200 1.01 ± 0.49bcde (65.88%) 0.70 ± 0.22abcd (77.28%) 0.47 ± 0.18ab (85.47%) 0.25 ± 0.21a (92.45%)
Extract 200 1.30 ± 0.08e (55.86%) 0.98 ± 0.10bcde (68.49%) 0.89 ± 0.11abcde (72.87%) 0.72 ± 0.04abcd (78.15%)

400 1.23 ± 0.06de (58.45%) 0.90 ± 0.17bcde (71.06%) 0.68 ± 0.10abcd (79.07%) 0.62 ± 0.11abc (81.17%)
600 1.17 ± 0.12cde (60.36%) 0.79 ± 0.25abcde (74.49%) 0.66 ± 0.21abc (79.78%) 0.51 ± 0.19ab (84.49%)

n = 5; Means followed by different letter are significantly different (p b 0.05).
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3.5. In vivo antioxidant activity

3.5.1. Effect of extract on lipid peroxidation
Concentrations of MDA in liver samples of all experimental mice are

shown in Fig. 1. ElevatedMDA levelswere observed for the inflammatory
untreated group (inflammatory control) than for other samples, with the
Ibuprofen pre-treatment showing the least MDA levels. Test sample
of 600 mg/kg pre-treatment showed lower MDA levels comparable to
Ibuprofen.

3.5.2. Effect of extract on catalase activity
CAT activities in the liver samples ofmice for all experimental groups

are shown in Fig. 2. CAT activity in the inflammatory group was consid-
erably lower than for the normal control group. The CAT levels in liver
homogenate of Mentha rotundifolia L. extract 600 mg/kg pretreated
mice were comparable to Ibuprofen except for the 200 mg/kg pretreat-
ment with significantly lower value than for Ibuprofen.

3.5.3. Effect of extract on SOD activity
Fig. 3 shows the activity of superoxide dismutase (SOD) in the liver

of normal control and experimental groups of mice. This activity was
significantly lower in inflammatory control mice compared to control
group of mice. The SOD levels in liver homogenate of Mentha
rotundifolia L. extract 400 and 600mg/kg pretreated mice were statisti-
cally comparable to Ibuprofen except for the 200 mg/kg pretreatment
with significantly lower value than for Ibuprofen.

3.5.4. Effect of extract on GSH activity
The effect of extract on GSH activity for all experimental groups is

shown in Fig. 4. GSH level in the inflammatory group was considerably
lower than for the normal control group. The 200, 400, and 600 mg/kg
Mentha rotundifolia L. extract pretreatment significantly enhanced the
level of GSH when compared to the inflammatory group. The
600 mg/kg pre-treatment showed highest GSH levels comparable to
that of Ibuprofen.

4. Discussion

In this study, we investigated the phytochemical analysis, anti-
inflammatory, analgesic and antioxidant effects of Mentha rotundifolia
L. leaves in animal model. Phytochemical results indicated that the
Table 3
Effect ofMentha rotundifolia L. on acetic acid-induced writhing reflex in mice.

Treatment Dose (mg/kg bw) Number of
writhes

Percentage of
inhibition (%)

Mentha rotundifolia L. 200 7.33 ± 3.05b 79.05
400 5.66 ± 1.15b 83.67
600 5.00 ± 2.00b 85.29

Aspirin 150 6.33 ± 3.21b 82.00
Saline solution 10 (ml/kg) 35.00 ± 1.00a –

n = 5; Means followed by different letter are significantly different (p b 0.05).
extract was rich in phenolic compounds and presented higher flavonoid
content.

The evaluation of the anti-inflammatory activity in vivo was con-
ducted using the model of carrageenan-induced paw edema (Winter
et al., 1962). Carrageenan-generated paw edema is an established
well-known experimental model for acute inflammation. This model
has significant predictive value for evaluation of antiedematogenic
compounds acting by interfering with the inflammatory mediators
(Taher, 2012). Carrageenan as a phlogistic agent is non-antigenic and
is devoid of apparent systemic activity (Chakraborty et al., 2006). So
far, several investigators have demonstrated that acute edema inflam-
mation, due to carrageenan injection, has biphasic upshots. Histamine
and serotonin trigger the first phase while, the later phase of inflamma-
tion in which the edema reaches its highest degree is elicited mostly by
the release of prostaglandins (Vinegar et al., 1969; Crunkhorn and
Meacock, 1971). It has been shown that prostaglandins encourage the
formation of the inflammatory exudates during tenderness. This
demagogic effect of prostaglandins is considerably attenuated by the
use of non-steroidal anti-inflammatory drugs (NSAID). In the present
investigation, oral pretreatment of 600 mg/kg Mentha rotundifolia L.
extract significantly inhibited the paw edema. The anti-inflammatory
activity of the extract could be due to its phytochemical compounds
such as polyphenols. Several plant species rich in polyphenols
in particular flavonoids are reported possessing important pharmaco-
logical actions, such as anti-oxidant, and anti-inflammatory actions
(Meotti et al., 2006), and also it have been shown after systemic admin-
istration of flavonoid glycosides, it exerts CNS-mediated activities, and
causes sedation, myorelaxation, analgesia, and antinociceptive effects
(Fernandez et al., 2009). According to a number of other studies,
flavonoids like rutin, quercetin, luteolin, hesperidin, and biflavonoids
yielded important antinocieptive and/or anti-inflammatory activities
(Ramesh et al., 1998; Bittar et al., 2009; Farahpour, 2014).

Also it cannot be excluded that abrogation of one of the two
inflammatory mediators, histamine and serotonin, is responsible for
the anti-inflammatory activity of Mentha rotundifolia L., the fact that
the extract ameliorated edema formation during the late phase; 3 h
after carrageenan injection, demonstrates that the effectiveness of
Mentha rotundifolia L. extract is probably mediated through its interfer-
ence with prostaglandins.

The analgesic activity was assessed by acetic-acid-induced abdomi-
nal constriction, as a model of visceral pain. It is a highly sensitive
method able to reveal the antinociceptive potential of drugs at doses
that might appear inactive in other pain reliever patterns. So, this
model is commonly used for the assessment of the peripheral pathway
of analgesic drugs. Previous studies have demonstrated that acetic acid
stimulates the pain nerve endings and induces contraction of abdominal
muscle via the sensitization of the nociceptive receptor to the peripher-
ally released prostaglandins, in particular PGE2α and PGF2α (Deraedt
et al., 1980). It has been shown that inhibition of prostaglandins by
aspirin and other related NSAIDs is involved in the protection against
induction of pain (Inger et al., 2010). Therefore, although the mecha-
nism of Mentha rotundifolia L. leaves in this study is not clear, it seems
likely that inhibition of prostaglandins contributes to its effectiveness
in protecting mice from visceral pain. Thus, this and the observation
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that the extract, when given before carrageenan, appeared to inhibit the
late phase of inflammation, indicate that inhibition of prostaglandins
peripherally is amechanismbywhich the extract induces its pharmaco-
logical effect.

Numerous pathological events such as the inflammation process and
aging phenomena are associatedwith the generation of reactive oxygen
species (ROS) and the inductionof lipid peroxidation. Antioxidants (free
radical scavengers) are chemicals that interact with and neutralize free
radicals, thus preventing them from causing cellular damage in the
biological system (Diplock et al., 1998). The body makes some of the
antioxidants uses to neutralize free radicals. These antioxidants are
called endogenous antioxidants. However, the body also relies on exter-
nal (exogenous) sources, primarily the diet, to obtain the rest of the
antioxidants it needs (Valk et al., 2007). These exogenous antioxidants
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are commonly called dietary antioxidants. Fruits, vegetables, and grains
are rich sources of dietary antioxidants (Bouayed and Bohn, 2010).

For this, we have also evaluated the in vivo antioxidant potential of
our extract using superoxide dismutase (SOD), catalase activity (CAT),
malondialdehyde (MDA), and glutathione (GSH) level assays. Our
experimental data indicated that the extract increased the activity of
SOD, CAT, and GSH, and decreased the level of MDA in liver cytosolic
fraction. Catalase is a ubiquitous enzyme that catalyzes the decomposi-
tion of hydrogen peroxide, a reactive oxygen species, which is a toxic
product of both normal aerobicmetabolismandpathogenic ROS produc-
tion (Kohen andNyska, 2002;Maritim et al., 2003). CATmeasured in tis-
sues is indicative of the degree of damage that tissues are undergoing or
the degree of protection offered by the protective enzymatic agents
against ROS (Omonhinmin and Agbara, 2013). The SOD catalyzes the
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dismutation of superoxide to hydrogenperoxide and oxygen, thereby
reducing the likelihood of superoxide anion reacting with nitric oxide
to form reactive peroxynitrite (Maritim et al., 2003). The increased levels
of catalase and SOD as observed in this study suggest that the extract has
an in vivo antioxidant activity and is capable of ameliorating the effect of
ROS in biologic system (Manonmani et al., 2005; Bakirel et al., 2008).
ROS, also reactwith all biological substances; however, themost suscep-
tible ones are polyunsaturated fatty acids. MDA is the major oxidation
product of peroxidized poly-unsaturated fatty acids and increased
MDA content is an important indicator of lipid peroxidation and
ultimately tissue damage by series of chain reactions. The model of
inflammation induced by carrageenan used in the study and by some
authors was accompanied by an increased production of peroxidized
lipids. (Tanas et al., 2010). In addition, lipid peroxidation was reported
as complicating the inflammatory process (Uzkeser et al., 2012). In our
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Fig. 4. Effect of 200, 400, and 600mg/kgMentha rotundifolia L. extract and controls on theGSH le
significantly different (p b 0.05).
study, the level of MDA in the extract treated groups decreased in a
dose dependent manner when compared to normal control group.
Glutathione (GSH), a tripeptide present in all the cells is an important
antioxidant (Lu, 1999) and also functions as free radical scavenger in
the repair of biological damage caused by radicals (Meister, 1984). In
the present study it is observed that inflammation depletes GSH concen-
tration in the mice livers. The extract and Ibuprofen treatment reverses
this effect, which may be due to de novo GSH synthesis or GSH regener-
ation. These results suggest that the plant could possess antioxidant and
anti-inflammatory properties. The phytochemical constituents of the
extract such asflavonoidsmaybe responsible for the antioxidant activity
as demonstrated in our study. Numerous studies have shown that
flavonoids possess potent antioxidant activities capable of scavenging
hydroxyl radicals, superoxide anions, and lipid peroxy radicals
(Amić et al., 2007). Shahidi and Wanasundara (1992) attributed the
b
a

ples

Normal control

Ibuprofen 200 mg /kg

Inflammatory control

M.rotundifolia 200mg/kg

M.rotundifolia 400mg/kg

M.rotundofolia 600mg/kg

vels. Values aremean± SD. n=5 in each group. Different letters indicate that samples are
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pharmacological activities (anti-inflammatory, antiviral, antibacterial,
antiulcer, antiosteoporotic, antiallergic, and antihepatotoxic actions) of
flavonoids to their potent antioxidant activity.

5. Conclusion

Mentha rotundifolia L. is widely used in Algerian traditional medicine
as analgesic, antispasmodic, and anti-inflammatory agent. According to
the obtained results, it may be concluded that pain and acute inflamma-
tion induced experimentally in mice were considerably ameliorated by
the use of the polyphenolic extracts. Moreover, in our investigation on
Mentha rotundifolia L. the enzymatic oxidants such as catalase, SOD,
MDA, and GSH were improved in drug treated groups as compared to
control. Based on this we conclude that the extract possesses in vivo
antioxidant activity and may be employed in protecting tissues from
oxidative stress. Further investigations are required to identify all the
active compounds present in Mentha rotundifolia L. and their precise
mechanisms of action.

Conflict of interest

The authors declare that there are no conflicts of interest.

Acknowledgements

The authors acknowledge the AlgerianMinistry of Higher Education
and Scientific Research for funding the study.

References

Amić, D., Davidović-Amić, D., Bešlo, D., Rastija, V., Lućić, B., Trinajstić, N., 2007. SAR and
QSAR of the antioxidant activity of flavonoids. Current Medicinal Chemistry 14,
827–845.

Awika, J.M., Rooney, L.W., Waniska, R.D., 2005. Anthocyanins from Black sorghum and
their antioxidant properties. Food Chemistry 90, 293–301.

Bakirel, T., Bakirel, U., Keles, O.U., Ulgen, S.G., Yardibi, H., 2008. In vivo assessment of
antidiabetic and antioxidant activities of rosemary (Rosmarinus officinalis) in
alloxan-diabetic rabbits. Journal of Ethnopharmacology 116, 64–73.

Beauchamp, C., Fridovich, I., 1971. Assay of superoxide dismutase. Analytical Biochemistry
44, 276–287.

Bezanger-Beauquesne, L., Pinkas, M., 1980. Plantes Médicinales des Régions Tempérées,
ED. Maloire, Paris.

Bittar, M., De Souza, M.M., Yunes, R.A., Lento, R., Delle Monache, F., Cechinel Filho, V.,
2009. Antinociceptive activity of I3, II8-binaringenin, a biflavonoid present in plants
of the Guttiferae. Planta Medica 66, 84–86.

Bouayed, J., Bohn, T., 2010. Exogenous antioxidants—doubleedged swords in cellular
redox state: health beneficial effects at physiologic doses versus deleterious effects
at high doses. Oxidative Medicine and Cellular Longevity 3, 228–237.

Bradford, M.M., 1976. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical
Biochemistry 72, 248–254.

Bremnes, L., 2002. Herbs. Eyewitness-Handbooks. DK Publishing, New York, USA.
Chakraborty, A., Devi, R.K., Rita, S., Sharatchandra, K., Singh, T.I., 2006. Preliminary studies

on anti-inflammatory and analgesic activities of Spilanthes acmella in experimental
animal models. Indian Journal of Pharmacology 36, 148–150.

Clairborne, A., 1985. Catalase activity. In: Greenwald, R.A. (Ed.), CRP Handbook of
Methods for Oxygen Radical Research. CRP Press, Boca Raton, FL, pp. 283–284.

Crunkhorn, P., Meacock, S.C., 1971. Mediators of the inflammation induced in the rat paw
by carrageenin. Brazilian Journal of Pharmacology 42, 392–402.

Deraedt, R., Jouquey, S., Delevallee, F., Flahaut, M., 1980. Release of prostaglandins E and F
in an algogenic reaction and its inhibition. European Journal of Pharmacology 61,
17–24.

Diplock, A.T., Charleux, J.L., Crozier-Willi, G., 1998. Functional food science and defence
against reactive oxidative. British Journal of Nutrition 80, 77–112.
Djeridane, A., Yousfi,M., Nadjemi, B., Boutassouna, D., Stocker, P., Vidal, N., 2006. Antioxidant
activity of some Algerian medicinal plants extracts containing phenolic compounds.
Food Chemistry 97, 654–660.

Ellman, G., 1959. Tissue sulphydryl groups. Achieves of Biochemistry and Biophysics 82,
70–77.

Farahpour, M.R., 2014. Antioxidant activity, antinociceptive and anti-inflammatory effects
of pot marigold hydroalcoholic extract on experimental animals. International
Journal of Pharmacological Technical Research 6, 1640–1646.

Fernandez, S.P., Nguyen, M., Yow, T.T., Chu, C., Johnston, G.A., Hanrahan, J.R., Chebib, M.,
2009. The flavonoid glycosides, myricitrin, gossypin and naringin exert anxiolytic
action in mice. Neurochemical Research 34, 1867–1875.

Inger, L., Meek, I.I., Mart, A.F., Harald, E.V., 2010. Non-steroidal anti-inflammatory drugs:
an overview of cardiovascular risks. Pharmaceuticals 3, 2146–2162.

Kohen, R., Nyska, A., 2002. Oxidation of biological systems: oxidative stress phenomena,
antioxidants, redox reactions, and methods for their quantification. Toxicologic
Pathology 30, 620–650.

Koster, R., Anderson, M., De Beer, E., 1959. Acetic acid for analgesic screening. Federation
Proceedings 18, 412–416.

Lu, S.C., 1999. Regulation of hepatic glutathione synthesis. Current concepts and contro-
versies. FASEB Journal 16, 1169–1183.

Mailhebiau, P., 1994. La Nouvelle Aromathérapie: Caractérologie des Essences et
Tempérament Humain - Biochimie Aromatique et Influence Psychosensorielle des
Odeurs, Ed. Jakin, Paris.

Manonmani, G., Bhavapriya, V., Kalpana, S., Govindasamy, S., Apparanantham, T., 2005.
Antioxidant activity of Cassia fistula (Linn.) flowers in alloxan induced diabetic rats.
Journal of Ethnopharmacology 97, 39–42.

Maritim, A.C., Sanders, R.A., Watkins, J.B., 2003. Diabetes, oxidative stress, and
antioxidants: a review. Journal of Biochemical and Molecular Toxicology 17, 24–38.

Meister, A., 1984. New aspects of glutathione biochemistry and transport selective
alterations of glutathione metabolism. Nutrition Reviews 42, 397–401.

Meotti, F.C., Luiz, A.P., Pizzolatti, M.G., Kassuya, C.A., Calixto, J.B., Santos, A.R., 2006.
Analysis of the antinociceptive effect of the flavonoid myricitrin: evidence for a role
of the L-arginine-nitric oxide and protein kinase C pathways. Journal of Pharmacology
and Experimental Therapeutics 316, 789–796.

Mouhibatou, N.Y., Marius, L., Noufou, O., Boubacar, Y., Innocent, P.G., 2016. Antioxidant,
analgesic and anti-inflammatory activities of the leafy stems of Waltheria indica L.
(Sterculiaceae). Journal of Applied Pharmaceutical Science 6, 124–129.

Okhawa, H., Ohishi, N., Yagi, K., 1979. Assay of lipid peroxides in animal tissue by
thiobarbituric reaction. Analytical Biochemistry 95, 351–358.

Omonhinmin, A.C., Agbara, I.U., 2013. Assessment of in vivo antioxidant properties of
Dacryodes edulis and Ficus exasperata as anti-malaria plants. Asian Pacific Journal of
Tropical Disease 3, 294–300.

Othman, A., Ismail, N., Abdel Ghani, I., Adenan, I., 2007. Antioxidant capacity and phenolic
content of cocoa beans. Food Chemistry 100, 1523–1530.

Ramesh, M., Rao, Y.N., Rao, A.V., Prabhakar, M.C., Rao, C.S., Muralidhar, N., Reddy, B.M.,
1998. Antinociceptive and anti-inflammatory activity of a flavonoid isolated from
Caralluma attenuate. Journal of Ethnopharmacology 62, 63–66.

Santangelo, C., Varì, R., Scazzocchio, B., Di Benedetto, R., Filesi, C., Masella, R., 2007.
Polyphenols, intracellular signaling and inflammation. Annali dell'Istituto Superiore
di Sanità 43, 394–405.

Shahidi, F., Wanasundara, P.K., 1992. Phenolic antioxidants. Critical Reviews in Food
Science and Nutrition 32, 67–103.

Taher, Y.A., 2012. Antinociceptive activity ofMentha piperita leaf aqueous extract in mice.
Libyan Journal of Medicine http://dx.doi.org/10.3402/ljm.v7i0.162057.

Tanas, S., Odabasoglu, F., Halici, Z., Cakir, A., Aygun, H., Aslan, A., Suleyma, H., 2010.
Evaluation of anti-inflammatory and antioxidant activities of Peltigera rufescens
lichen species in acute and chronic inflammation models. Journal of Natural
Medicines 64, 42–49.

Uzkeser, H., Cadirci, E., Halici, Z., Odabasoglu, F., Polat, B., Tugba, N.Y., Ozaltin, S., Atalay, F.,
2012. Anti-inflammatory and Antinociceptive effects of salbutamol on acute and
chronic models of inflammation in rats: involvement of an antioxidant mechanism.
Mediators of Inflammation ID 438912 (10 pp.).

Valk, M.O., Leibfritz, D., Moncol, J., Cronin, M.T.D., Mazur, M., Telser, J., 2007. Free radicals
and antioxidants in normal physiological functions and human disease. International
Journal of Biochemistry and Cell Biology 39, 44–84.

Vinegar, R., Schreiber, W., Hugo, R., 1969. Biphasic development of carrageenin edema in
rats. Journal of Pharmacology and Experimental Therapeutics 166, 96–103.

Winter, C.A., Risley, E.A., Nuss, G.W., 1962. Carrageenan-induced oedema in the hind
paw of rat as an assay for anti-inflammatory activity. Proceedings of the Society for
Experimental Biology and Medicine 111, 544–547.

Yu, J., Ahmedna, M., Goktepe, I., 2005. Effects of processing methods and extraction
solvents on concentration and antioxidant activity of peanut skin phenolics. Food
Chemistry 90, 199–206.

http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0005
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0005
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0005
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0010
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0010
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0015
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0015
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0015
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0020
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0020
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0025
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0025
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0030
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0030
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0035
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0035
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0035
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0040
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0040
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0040
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0045
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0050
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0050
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0050
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0055
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0055
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0060
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0060
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0065
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0065
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0065
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0070
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0070
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0075
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0075
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0075
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0080
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0080
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0085
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0085
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0085
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0090
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0090
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0095
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0095
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0100
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0100
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0100
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0105
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0105
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0110
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0110
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0115
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0115
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0115
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0120
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0120
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0125
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0125
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0130
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0130
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0135
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0135
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0135
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0135
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0135
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0140
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0140
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0140
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0145
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0145
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0150
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0150
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0150
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0155
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0155
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0160
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0160
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0165
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0165
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0170
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0170
http://dx.doi.org/10.3402/ljm.v7i0.162057
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0180
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0180
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0180
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0185
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0185
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0185
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0190
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0190
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0190
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0195
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0195
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0200
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0200
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0200
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0205
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0205
http://refhub.elsevier.com/S0254-6299(17)30669-5/rf0205

	Anti-�inflammatory, analgesic and antioxidant effects of phenolic compound from Algerian Mentha rotundifolia L. leaves on e...
	1. Introduction
	2. Materials and methods
	2.1. Plant material and extraction
	2.2. Determination of total phenolic content
	2.3. Determination of total flavonoid content
	2.4. Experimental animals
	2.5. Acute toxicity
	2.6. Carrageenan-induced mice paw edema
	2.7. Analgesic activity
	2.8. In vivo antioxidant activity
	2.8.1. Preparation of mice liver cytosolic fraction
	2.8.2. Estimation of lipid peroxidation
	2.8.3. Estimation of catalase activity (CAT)
	2.8.4. Estimation of superoxide dismutase activity (SOD)
	2.8.5. Estimation of glutathione (GSH)

	2.9. Statistical analysis

	3. Results
	3.1. Determination of total phenolic and flavonoid contents
	3.2. Acute toxicity
	3.3. In vivo anti-inflammatory effect
	3.4. In vivo analgesic effect
	3.5. In vivo antioxidant activity
	3.5.1. Effect of extract on lipid peroxidation
	3.5.2. Effect of extract on catalase activity
	3.5.3. Effect of extract on SOD activity
	3.5.4. Effect of extract on GSH activity


	4. Discussion
	5. Conclusion
	Conflict of interest
	section30
	Acknowledgements
	References


