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Extracts of nine medicinal plants were screened for their anti-inflammatory activity using the
cyclooxygenase-1 assay and their acetylcholinesterase inhibitory effect. The antioxidant activity was
assessed by four methods: free radicals DPPH* (1,1-diphenyl-2-picrilhydrazyl), nitric oxide assay, {3-
carotene bleaching test and metal chelating power. The amounts of different phenolic compounds were
also determined. Myrtus communis (leaves), Pistacia lentiscus (leaves) and Globularia alypum (flowers)
presented the highest amounts of total phenolic compounds while the concentrations of total flavonoids,
flavonols, proanthocyanidins and total tannins varied with plant species. Marrubium vulgare (leaves) gave
the best inhibitory activity of the enzyme Cox-1 with an ICsp of 0.082 mg/ml which was statistically not
different from the standard indomethacin (0.061 mg/ml). The best anti-acetylcholinesterase activity was
exhibited by the leaf extracts of M. communis, P. lentiscus and Eryngium maritimum, 92.38, 73.84 and
65.34%, respectively. In the DPPH assay, P. lentiscus and M. communis presented the best activity and
their inhibitions were not different from each other (*p <0.05) but were significantly different from the
pure standards rutin and BHA. Among the tested plants, Scilla maritima presented the best nitric oxide
scavenging activity. In the B-carotene assay, extracts of M. communis leaves and fruits and P. lentiscus
leaves were the most potent with 63.60, 47.61 and 43.02%, respectively. Metal chelating activity assay
showed that E. maritimum leaves and stem and M. communis leaves had the best chelating power, 49.78,
32.32 and 35.98%, respectively.
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1. Introduction of arachidonic acid catalyzed by cyclooxygenase (Gierse et al.,

2008). The most common side effects associated with all cur-

Non-steroid anti-inflammatory drugs (NSAIDs) are of huge ther-
apeutic benefit in the treatment of inflammatory diseases since
they are widely used for the treatment of pain, inflammation
and fever (Vonkeman and van de Laar, 2010). The main mech-
anism of action of these drugs is believed to be the inhibition
of the cyclooxygenase enzymes: the constitutive cyclooxygenase-
1 (Cox-1) and the inducible cyclooxygenase-2 (Cox-2) (Ulbrich
et al., 2002). Cyclooxygenase (Cox) is a bi-functional enzyme that
first catalyzes the addition of two molecules of oxygen to arachi-
donic acid to form the hydroperoxide prostaglandin G, (PGG,),
then reduces the hydroperoxide to the alcohol, PGH,, by a per-
oxidase activity. Prostaglandins (PGs) are important biological
mediators of inflammation, originating from biotransformation
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rently available NSAIDs are gastrointestinal haemorrhagia and
ulceration (Dannhardt et al., 2000). These side effects during
anti-inflammatory therapy are caused by interference with the
physiological properties of prostaglandins (Ulbrich et al., 2002).
During inflammatory responses, the activation of phospholipase
A, induces the mobilization of fatty acids, in particular arachidonic
acid from the membrane lipid pool (Fiorucci et al., 2001; Fawole
et al., 2010). Arachidonic acid is then oxidized by Cox-1 or Cox-
2 enzymes, leading to the production of prostaglandins (Fiorucci
et al., 2001). In addition, oxidants such as reactive oxygen species
(ROS) generated from activated neutrophils and macrophages have
been reported to play an important role in the pathogenesis of
various pain-related diseases, including neurodegenerative dis-
orders, like Alzheimer’s disease (AD) (Gibson and Huang, 2005;
Fawole et al., 2010). This disease is frequent in elderly people,
as a result of malfunctioning of different biochemical pathways.
The drugs approved for the AD therapy act by counteracting the
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Table 1

Botanical and common names, families, voucher specimens, plant parts and medicinal properties of the investigated plants.

Family Species Local name Voucher specimen Used part Traditional uses
Myrtaceae Myrtus Chilmoune D-PH-2013-37-6 Leaves Antiseptic, disinfectant drug and hypoglycemic effects,
communis D-PH-2013-37-12 Fruits antimicrobial, tonic and balsamic agent, Inhibit xanthine
oxidase activity, anti-inflammatory activity
Apiaceae Eryngium Tabelyatut D-PH-2013-37-1 Leaves Diuretic, antiscorbutic, a cytotonic, a urethritis remedy, a
maritimum D-PH-2013-37-16 Stem stone inhibitor, an aphrodisiac, an expectorant, an
anthelmintic, antinociceptive and anti-inflammatory
activity. Used for snakebites, fevers, or female reproductive
disorders
Anacardiaceae Pistacia Amadagh D-PH-2013-37-5 Leaves Antibacterial, and antiulcer agent, treatment of eczema,
lentiscus diarrhea and throat infections, anti-inflammatory,
antipyretic and insecticidal activities
Globulariaceae Globularia Taselgha D-PH-2013-37-7 Leaves Hypoglycemic, laxative and diuretic agent, treatment of
alypum D-PH-2013-37-17 Flowers rheumatism, arthritis, hemorrhoids. Anti-inflammatory
activity
Lamiaceae Marrubium Marruyet D-PH-2013-37-2 Leaves Treatment of gastroenterical and respiratory diseases,
vulgare antinociceptive, anti-inflammatory, hypoglycemic and
insecticidal effects. Tonic, aromatic, expectorant,
diaphoretic and diuretic activities
Liliaceae Scilla maritima Lebsel wuchen D-PH-2013-37-14 Bulb Treatment of heart insufficiency, edema and bad kidney

performance, memory-enhancement and rodenticide.
Anti-inflammatory activity, cardiotonic, diuretic

acetylcholine deficit, that is, they try to enhance the acetylcholine
level in the brain (Heinrich and Teoh, 2004). Acetylcholine is
involved in the signal transfer in the synapses. After being deliv-
ered in the synapses, acetylcholine is hydrolyzed giving choline
and acetyl group in a reaction catalyzed by the enzyme acetyl-
cholinesterase. The molecular basis of the Alzheimer drugs used so
far, take advantage of their action as acetylcholinesterase inhibitors
(AChEIs) (Heinrich and Teoh, 2004; Ferreira et al., 2006) but these
drugs have been reported to have their adverse effects includ-
ing gastrointestinal disturbances, hepatotoxicity, nausea, vomiting,
diarrhea, dizziness and problems associated with bioavailability
(Schulz, 2003; Mukherjee et al., 2007), which increases the inter-
est in finding better acetylcholinesterase inhibitors from natural
resources.

Considering the developing increasing demand for plant-
derived drugs, the nine selected plants: Pistacia lentiscus (leaves),
Myrtus communis (leaves and fruits), Globularia alypum (leaves
and flowers), Marrubium vulgare (leaves), Eryngium maritimum
(leaves and stem) and Scilla maritima (bulb) could be further
assessed and utilized in view of their health benefit effects where
some of them are reported in Table 1. Moreover, according to
our knowledge, there are no reports on the acetylcholinesterase
and cyclooxygenase-1 inhibitory activities of the studied species
in Algeria. Therefore, the aims of the present investigation
were to screen for antioxidant capacities in the medicinal plant
extracts, and to determine their inhibitory effects on the acetyl-
cholinesterase and cyclooxygenase-1 enzymes. To elucidate their
oxidative actions, the extracts were subjected to a range of in vitro
tests, including the metal chelating power, the ability to scav-
enge DPPH radical, the (3-carotene bleaching test and the nitric
oxide assay. The amounts of antioxidant components (total phe-
nolic compounds, flavonoids, flavonols, proanthocyanidins and
total tannins) from the crude plant extracts were also deter-
mined.

2. Material and methods
2.1. Chemicals

All chemicals and reagents were of analytical grade and were
supplied from Sigma-Aldrich Quimica S. A. (Sintra, Portugal) and
from Sigma (represented by Algerian Chemical Society, Setif, Alge-
ria).

2.2. Plant materials and samples preparation

Nine medicinal plants were harvested in 2009 from two loca-
tions, in remote areas in the suburbs of Taghzouit and Aboudaou,
Bajaia City (Algeria). The various data (local name, medicinal uses,
used parts of plant, method of preparation and administration)
were collected from local inhabitants having knowledge of the
curative properties of these plants. Botanical identification was
made by the member of laboratory of Botany (Faculty of Life
and Nature Sciences, University Abderrahmane Mira of Bejaia)
according to “Nouvelle flore de I’Algérie et des regions desertiques
et Meridionales” (Quezel and Santa, 1963). Voucher specimens
(Table 1) were deposited at the Herbarium of Natural History
Museum of Aix-en-Provence, France. Fresh leaves, flowers and
stems were air-dried in shade at room temperature and the bulbs
of S. maritima were peeled, ground and then frozen and lyophilized
immediately. After drying and lyophilization, plant material was
ground to a fine powder (diameter <250 m) using an electric mill
(IKAR A11 basic, Germany) and 1g of this powder was exhaus-
tively extracted by maceration with 10 ml of methanol, at room
temperature for 24 h. In all cases, the solutions were filtered and
concentrated to dryness under reduced pressure in a rotary evap-
orator (40°C). Dry extracts were stored at —20 °C until used.

2.3. Determination of the amounts of phenolic compounds

2.3.1. Total phenolics content

Total phenolic compounds content was assayed using the
Folin-Ciocalteu reagent, following Singleton and Rossi method
(1965). An aliquot (1 ml) of diluted sample extract (0.3 mg/ml) was
added to 500 .l of the Folin-Ciocalteu reagent and 6 ml of water.
The mixture was shaken and allowed to stand for 5 min, before
addition of 1.5 ml of Na;CO3 (20%). An aliquot of 1.9 ml of distilled
water was added and mixed thoroughly. After incubation in dark
for 2 h, the absorbance at 760 nm was read versus the prepared
blank. Total phenolic content of plant parts was expressed as mil-
ligrams of gallic acid equivalents per gram of dry weight (mg GAE/g
DW) through the calibration curve with gallic acid (y=0.9397x;
R?=0.998).

2.3.2. Total flavonoids content
Determination of the flavonoids content was achieved using
the method described by Huang et al. (2004) by addition of
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aluminum chloride reagent to the solution containing the extract.
The absorbance was read at 430nm and concentrations of
flavonoids were deduced from a standard curve (y=41.686x;
R%2=0.997) and calculated in mg quercetin equivalent (QE)/g dry
weight (DW).

2.3.3. Flavonols content

Total flavonols in the plant extracts were estimated using the
method reported by Adedapo et al. (2008). To 2 ml of sample, 2 ml
of AlCl; (2%) ethanol and 3 ml (50¢g/L) sodium acetate solutions
were added. The mixture was shaken and incubated for 2.5h at
20°C. The absorbance was read at 440 nm. Total flavonols con-
tent was expressed as mg of quercetin equivalents per g of dry
weight (mg EQ/g DW) through the calibration curve with quercetin
(y=15.16x+0.0092; R? =0.999).

2.3.4. Proanthocyanidins content

The concentration of proanthocyanidins was determined by
butanol-HCl assay (Maksimovic et al., 2005). Extract of plants
(0.5 ml) was mixed with 3 ml of butanol-HCl (95:5; v/v) and 0.1 ml
of iron sulphate (2 g/100 ml). The mixture was incubated at 90°C
for 1h. The absorbance was determined at 530 nm. The amount
of proanthocyanidins was expressed as mg (+)-catechin equivalent
(CE)g~1DW (y=2.078x —0.1488; RZ=0.999).

2.3.5. Total tannins content

Total tannins were estimated according to the protocol devel-
oped by Hagerman and Butler (1978) on the basis of their
precipitation by a protein, bovine serum albumin (BSA). The
method is based upon the obtention of a colored complex
Fe**-phenols which can be measured spectrophotometrically at
510 nm. The results were expressed as mg equivalent of tannic acid
(ETA)/g DW (y=0.5184x; R =0.999).

2.4. Cyclooxygenase-1 assay

The Cox-1 (EC 1.14.99.1) activity was measured by follow-
ing spectrophotometrically at 611 nm the reaction of oxidation of
TMPD with arachidonic acid. This assay was performed according
to Copeland et al. (1994), with the following modifications. Briefly,
50 wl of Cox-1 enzyme (200 units/cuvette) and 100 .l of hematin
(3 wM in Tris-buffer, pH 8) as co-factor and 1000 .l Tris-HCl buffer
(100 mM, pH 8) and 50 I of DMSO per sample were pre-incubated.
This enzyme/co-factor solution was added to the test solution con-
sisting of 50 .1 plant extract or an inhibitor, dissolved in DMSO and
pre-incubated for 3 min at 25 °C. Then 200 pl of TMPD was added.
The reaction was initiated by addition of 50 .l of arachidonic acid
to the enzyme/extract mixture and contents were mixed immedi-
ately. The initial velocity of the reaction was measured following
the reaction of oxidation of TMPD at 611 nm for 20 s. The velocities
observed at different inhibitor concentration were divided by the
velocity observed for enzyme samples pre-incubated for the same
time with 10% (v/v) inhibitor free DMSO, and this ratio was mul-
tiplied by 100 to yield percent control activity. IC5¢ values were
determined by regression analysis.

1(%) = 100 — ( Vwith inhibitor ) 100

without inhibitor

2.5. Acetylcholinesterase inhibition

Acetylcholinesterase enzymatic activity was measured by the
Ellman test (Ferreira et al., 2006). 400 wl of 50 mM Tris buffer
(pH 8), 50 wl of plant extract in methanol with different concen-
trations and 25 pl of an enzyme solution containing 0.26 U/ml
were incubated during 15 min. Subsequently, 75 wl of a solution

of acetylthiocholine iodide (AChI) 15 mM and 475 .l of 3mM 5,5'-
dithiobis [2-nitrobenzoic acid] (DTNB) were added. Absorbance of
the mixture was measured at 405 nm when the reaction reached
the equilibrium. A control mixture was prepared, using methanol
instead of extract and was considered 100% activity. Inhibition, in
%, was calculated in the following way:

Vcontrol

V.
1(%) =100 — ( ””‘P‘e> % 100

where [ is the percent inhibition of acetylcholinesterase, Vgample is
the initial velocity of the extract containing reaction and Vyptro) iS
the initial velocity of the control reaction. A blank with Tris buffer
instead of enzyme solution was used. Extract concentration pro-
viding 50% inhibition (IC5¢) was obtained by plotting the inhibition
percentage against extract solution concentrations.

2.6. Antioxidant capacity

2.6.1. DPPH? radical scavenging activity

The DPPH (1,1-diphenyl-2-picrilhydrazyl) radical scavenging
activity of the plant extracts was determined using the method
proposed by Katalinic et al. (2006). Aliquot (50 wL) of the tested
sample was placed in a cuvette and 2 ml of 6 x 10~> M methanolic
solution of DPPH radical (freshly prepared) was added. The mix-
ture was maintained at room temperature for 16 min then the
absorbance was measured at 517 nm against the corresponding
blank. Methanolic solutions of pure compounds BHA and rutin were
tested too.

The percentage inhibition of the DPPH radical by the samples
was calculated by the following formula:

Ablank - Asample
[(%) = ( —Dank — “sample ) . 100
( Ablank

where I (%) is the percentage inhibition of the DPPH radical, Apjank
is the absorbance of the control reaction (a reaction with all the
reagents except the sample extract) and Agympie is the absorbance of
the sample extract. Extract concentration providing 50% inhibition
(ICs0) was obtained plotting inhibition percentage versus extract
solution concentrations.

2.6.2. Nitric oxide radical scavenging activity

The ability of the extracts to scavenge nitric oxide free radi-
cals was determined using the method reported by Dastmalchi
et al. (2008). In brief, a 0.5 ml aliquot of extract or positive con-
trol (quercetin and catechin) dissolved in KH,PO4-KOH (50 mmol/l,
pH 7.4) was mixed with 0.5 ml of (10 mmol/l) sodium nitroprus-
side solution. The mixture was incubated at 37°C for 2.5h under
normal light condition. After incubation, the sample was placed
in dark for 20 min. Thereafter, 1 ml of Griess reagent (1 g/l N-(1-
naphtyl)ethylenediamine and 10 g/l sulphanilamide dissolved in
20 ml/l aqueous H3PO,4) was added and the absorbance was taken
after 40 min at 546 nm. The percentage inhibition was calculated
using the following equation:

I(%) _ (Acontrol - Asample) « 100

Acontrol

where [ (%) is the percentage inhibition of NO radical, Acontror i the
absorbance of the control reaction (a reaction with all the reagents
except the sample extract) and Agmple is the absorbance of the
sample extract.

2.6.3. B-Carotene-linoleic acid bleaching inhibition
The ability of the extract to inhibit the bleaching of the (-
carotene-linoleic acid emulsion was determined using the method
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described by Khadri et al. (2010) with a slight modification. In
brief, 2 mg [3-carotene dissolved in 1 ml chloroform, 25 .l of linoleic
acid and 200 mg of Tween 40 were added and transferred into a
round-bottom flask. Once the chloroform had been removed under
nitrogen, 50 ml distilled water saturated with oxygen was added
the flask with vigorous stirring and the resulting mixture was soni-
cated for 30 min for homogenization. Thereafter, 2.5 ml aliquots of
this emulsion were transferred to a series of tubes containing 300 .l
of extract dissolved in ethanol and were further shaken. Absorbance
of each sample was recorded at 470 nm immediately after sam-
ple preparation (t=0min). After that the samples were placed in a
water bath at 50°C for a period of 2 h, together with two blanks,
one containing antioxidants (BHT or gallic acid) as a positive con-
trol and the other with the same volume of ethanol instead of the
extracts. The absorbance of each sample after heating (t =120 min)
was measured.

The antioxidant activity (AA) of the extracts under investigation
was expressed as:

Afr—o) — A(t=
AA(%) = {1 _ (M(‘—lzm)} « 100

Ao(e=0) — Ao(t=120)

where AA is the antioxidant activity, Aoy is the absorbance
(470nm) of the solution in investigation at 0 min, Ay-120) is the
absorbance (470 nm) of the same solution at ¢=120 min, Ag(-q) is
the absorbance (470 nm) of the positive control (ethanol without
extract) sample at 0 min and Ag(;-120) is the absorbance (470 nm)
of a the positive control (ethanol without extract) sample at
t=120min. Extract concentration providing 50% inhibition (ICsg)
was obtained plotting inhibition percentage versus extract solution
concentrations.

2.6.4. Metal chelating activity

The ability of the extract to chelate iron (II) was assessed by the
method of Carter (1971). In brief, to a 200 1 of dissolved extract
was added 100wl (2 mmol/l) FeCl,-4H,0 and 900 .l methanol.
After 5min incubation, the reaction was initiated by the addition
of 400 pl (5 mmol/l) ferrozine. After a further 10 min incubation
period, the absorbance of the reaction mixture was measured at
562 nm. The ratio of inhibition of ferrozine-Fe2* complex formation
was calculated as follows:

Absc:ontrol - Abssample

x 100
Abscontrol

% inhibition =

where Ag;mpie Was the absorbance in the presence of the sample
of extracts or the standard EDTA. The concentration at which the
extract exerts 50% of its effect (IC5¢) values was estimated by a
linear regression algorithm.

2.7. Statistical analysis

Data were presented as mean =+ standard deviation (SD) of three
determinations. Statistical analyses were performed using a one-
way analysis of variance (ANOVA) in the software STATISTICA 5.5.
Differences were considered significant at *p <0.05.

3. Results and discussion
3.1. Determination of phenolic compounds

Phenolic compounds constitute one of the major groups of
compounds known to inhibit some molecular targets of pro-
inflammatory mediators in inflammatory responses and to act as
primary antioxidants or free radical terminators (Fawole et al.,
2009). For these reasons, we have tried to determine their total
amounts.

Among analyzed plant extracts, extremely high total phenolic
content was detected in M. communis (leaves), P. lentiscus (leaves)
and G. alypum (flowers) (Table 2). The lowest total phenolic level
was detected in E. maritimum (stem). The leaves of M. commu-
nis contained more phenolic compounds than the fruits and the
amounts of flavonols and proanthocyanidins in these two parts
were not far from each other. Several works found that M. com-
munis, P. lentiscus and G. alypum were rich in phenolic compounds
(Chryssavgi et al., 2008; Aidi Wannes et al., 2010; Djeridane et al.,
2010) and our results are in agreement with them.

The leaves of E. maritimum and M. vulgare presented almost the
same amounts of phenolics (*p <0.05). The colorimetric dosage of
flavonols revealed that the extracts contained small amounts of
this group. On what concerns proanthocyanidins content, P. lentis-
cus (leaves), S. maritima (bulb) and M. communis fruits and leaves
gave the best results. The amounts of flavonols and proantho-
cyanidins in G. alypum (leaves and flowers) did not present any
significant differences between both plant parts; and the same
remark for proanthocyanidins content in the leaves of E. mariti-
mum and M. vulgare can be done. Table 2 showed also that the
amounts of total flavonoids varied widely in the investigated plant
extracts and ranged from 1.34 to 24.86 mg EQ/g dry extract. The best
amounts were obtained by M. communis and E. maritimum leaves,
followed by P. lentiscus and G. alypum leaves. Recently, with the
use of reversed-phase high-performance liquid chromatography
hyphenated to mass spectrometry electrospray ionization coupled
to quadrupole time-of-flight (RP-HPLC-ESI-QTOF-MS), we found
that P. lentiscus leaves were rich in flavonoids and phenolic acids
(Rodriguez-Pérez et al., 2013).

Another important group investigated in this study was the total
content of tannins (Table 2). P. lentiscus and M. communis gave the
best levels of total tannins. Our results are in agreement with those
found by Romani et al. (2002) and Cakir (2004) who determined
that these plants were rich in tannins.

E. maritimum and M. vulgare leaves did not present any sig-
nificant differences in the total tannins content and these later
compounds represented approximately the half content of total
tannins. G. alypum flowers contained more amounts of tannins than
flavonoids and its leaves presented the inverse case. It is important
to note that for all the investigated plant extracts, proanthocyani-
dins contents were very low compared to the total tannins content,
this result may suggest that the plants contained more hydrolysable
tannins than the condensed ones.

Variation in the amounts of phenolic compounds could be
attributed to several reasons. The solubility of phenolic compounds
is actually governed by the type of solvent used, the degree of poly-
merization of phenolics, as well as by the interaction of phenolics
with other food constituents and formation of insoluble complex.
For that purpose, methanol was recommended and frequently
used for the extraction of phenolics (Galvez et al., 2005). Indeed,
the phenolic contents of a plant depend on a number of intrin-
sic (genetic) and extrinsic (environmental, handling and storage)
factors (Rapisarda et al., 1999; Fratianni et al., 2007).

3.2. Cyclooxygenase-1 assay

From nine plant extracts, only four have presented anti-
inflammatory activity (Fig. 1). Percentages of inhibition obtained
at a concentration of 0.033 mg/ml from these plants, in decreased
order, were M. vulgare leaves (68.15%), G. alypum flowers (61.05%),
E. maritimum leaves (8.16%) and G. alypum leaves (5.33%), respec-
tively. No inhibition in this test was found with the extract of M.
communis (leaves and fruits), S. maritima (bulbs), P. lentiscus leaves
and E. maritimum (stem) at this concentration.

M. vulgare leaves and G. alypum flowers have given the best
and higher inhibitory activity of the enzyme. This activity could
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Total phenolics, flavonoids, flavonols, proanthocyanidins and tannins content in the medicinal plant extracts.

TPC (mg GAE/gDW)

Flavonoids (mg QE/gDW)

Flavonols (mg QE/gDW)

Proanthocyanidins

Total tannins

(mg CE/gDW) (mg TAE/gDW)

Myrtus communis (leaves) 285.73 +2.282 24.868 + 0.4152 7.38 + 0.04P¢ 19.10 + 0.12¢ 117.670 + 1.5432
Pistacia lentiscus (leaves) 238.33 + 3.28" 19.578 + 0.326° 7.29 + 0.24° 39.29 + 0.61° 100.694 + 2.409°
Globularia alypum (flowers) 156.97 + 1.14¢ 1.346 + 0.023" 3.12 £ 041¢ 14.07 + 0.83¢ 7.459 + 0.223f
Globularia alypum (leaves) 102.29 + 0.50¢ 16.592 + 0.799¢ 3.26 £ 0.13¢ 14.18 + 0.14°® 9.388 + 2.357f
Scilla maritima (bulb) 127.90 + 1.49¢ 2.159 + 0.0698 2.08 + 0.06° 27.41 + 023 11.703 + 0.589¢
Myrtus communis (fruits) 91.34 + 3.92f 7.170 + 0.083¢ 4.24 + 0.144 22.13 £ 0.34¢ 28.807 + 0.803¢4
Eryngium maritimum (leaves) 43.83 +1.,32¢ 24.309 + 0.262?2 7.63 + 0.22P 11.97 4+ 0.141 33.179 + 1.391¢
Marrubium vulgare (leaves) 40.57 + 1.918 10.249 + 0.083¢ 10.48 £ 0.192 12.28 + 0.13f 32.407 + 0.386¢
Eryngium maritimum (stem) 16.49 £ 0.19" 3.505 + 0.061F 1.04 + 0.02¢ 10.12 £ 0.108 17.747 + 21.050%¢

Averages + standard deviation was obtained from three different experiments. GAE, gallic acid equivalents; QE, quercetin equivalents; CE, catechin equivalents; TAE, tannic
acid equivalents; DW, dry weight. Means followed by the same letter are not different according to ANOVA (analysis of variance) (*p <0.05). The results are sorted in decreasing

order:a>b>c>d>e>f>g>h.
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Fig. 1. Cyclooxygenase inhibitory activity of the different plant extracts (concen-
tration of plant extracts is 33 ug/ml). Data were analyzed using one-way ANOVA
(analysis of variance). Different letter(s) indicate the values are significantly differ-
ent (*p<0.05).

be attributed to their polyphenolic compounds (i.e. tannins and
proanthocyanidins). These compounds are known to inhibit some
molecular targets of pro-inflammatory mediators in inflammatory
responses (Fawole et al., 2010). Whereas, the results obtained for
E. maritimum and G. alypum leaves were too lower compared to
the two preceding plants and they were statistically not different
from each other at (*p<0.05). In addition, the anti-inflammatory
activity obtained from the flowers of G. alypum was much higher
compared to its leaves, which leads to say that the inhibitor agents
were present in the flowers part.

From the obtained results, the IC5g values were determined for
M. vulgare leaves and G. alypum flowers as well as the standard
indomethacin. The anti-inflammatory activity of the samples was
found to increase dose-dependently and the results were depicted
in Table 3.

M. vulgare leaves extract has presented a potent activity with an
IC50 of 0.082 mg/ml which was statistically not different from the
chemical standard indomethacin (0.061 mg/ml).

In the literature, several reports have described that M. vulgare
and G. alypum contained some active components such as pheno-
lic compounds, flavonoids, coumarins, phenylethanoid glycosides,
iridoids and monoterpenes. Some authors (Sahpaz et al., 2002;
Berrougui et al., 2006; Taskova et al., 2006; Dussossoy et al., 2011)
affirm that this variety of molecules could be responsible for the
cyclooxygenase inhibition.

Since the extracts of medicinal plants under study were rich in
polyphenols, flavonoids and tannins, the data from Table 2 repor-
ting the evaluation of these two class of compounds supported the
inhibition of Cox-1.

3.3. Acetylcholinesterase inhibitory activity

Medicinal plant extracts were tested to determine their abil-
ity as acetylcholinesterase inhibitors and results were depicted in
Fig. 2. For each plant, the inhibition capacity showed the follow-
ing order: M. communis leaves > P. lentiscus leaves > E. maritimum
leaves > G. alypum flowers > M. vulgare leaves > S. maritima bulb > M.
communis fruits > G. alypum leaves.

At a concentration of 0.5 mg/ml for each extract, the percentage
inhibition of acetylcholinesterase ranged from 26 to 92%. The best
inhibitory activity was exhibited by the leaf extract of M. communis
followed by the leaves of P. lentiscus and E. maritimum which were
not significantly different (*p <0.05). Extracts of M. vulgare leaves,
G. alypum flowers and S. maritima bulb have presented about 50% of
inhibition of the enzyme at the tested concentration. As G. alypum
leaves, the extract of M. communis fruits presented the same capac-
ity of inhibition, but in fact, this two plants showed lower values
than all the other extracts. In addition, the fruits of M. communis
were less potent than its leaves. Concerning E. maritimum stem, it
was not possible to test its extract due to appearance of turbidity
in the test conditions.

Our results were within the range of the values found in the lit-
erature for the inhibition of this enzyme with plant extracts (Orhan
et al., 2009) and were higher than those recently reported for other
Lamiaceae and Fumariaceae species (Mukherjee et al., 2007; Loizzo
etal.,2010; Adewusi et al., 2011). The results obtained for the three
first plant extracts (cited in order) were better than those found for
the standard galantamin (48.80% at 1 mg/ml) used in the work of
Orhan et al. (2004).

In this study, AChE inhibitor activity of extracts was found to
increase dose-dependently, the results expressed as ICsq values
were calculated from the regression equations obtained from the
activity of samples at different concentrations. The results were
presented in Table 3.

The ICs¢ values found for M. communis and P. lentiscus leaves
were higher than those found for the standard compounds (chloro-
genic acid, rutin, hyperoside, isoquercitrin and quercitrin) used by
Hernandez et al. (2010).

The obtained results showed that eight methanolic plant
extracts contained some level of inhibitory activity against AChE,
this may suggest that organic solvents were able to extract more
active compounds with possible AChE inhibitory activity. These
results were in concordance with those found by Orhan et al.
(2004) who used acetone extracts and obtained values of inhibi-
tion (13.25 to 96.89% at 1 mg/ml concentration of the extract), as
well as Adewusi et al. (2011) who used DCM:MeOH extracts and
obtained values of inhibition represented by IC5¢ (from 0.03 mg/1
to 1 mg/ml).

The best inhibitory activity obtained with M. communis, P.
lentiscus and E. maritimum leaf extracts could be attributed to
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Table 3

Cyclooxygenase-1 assay, acetylcholinesterase activity, radical scavenging activity, 3-carotene bleaching assay and metal chelating power represented by ICso (mg/ml).

Cox-11Csg DPPH ICsq AChE activity {3-Carotene inhibition Metal chelating activity
Myrtus communis (leaves) 0.003 + 0.000¢ 0.03 +0.00" 0.07 + 0.00" 1.24+0.03>
Pistacia lentiscus (leaves) 0.008 + 0.000¢ 0.01+0.00" 0.12 + 0.008 ND
Globularia alypum (flowers) 0.122 £ 0.0062 0.004 + 0.0014 0.53+0.05¢ 0.26 + 0.02¢ ND
Globularia alypum (leaves) 0.031 + 0.004¢ 0.82+0.05% 0.51 + 0.03b ND
Scilla maritima (bulb) 0.028 + 0.003¢ 0.62+0.03" 0.17 + 0.01F ND
Myrtus communis (fruits) 0.005 + 0.0014 0.81+£0.022 0.12 + 0.018 ND
Eryngium maritimum (leaves) 0.043 + 0.005" 0.42+0.03¢ 0.31 + 0.024 1.17 £0.05¢
Marrubium vulgare (leaves) 0.082 + 0.004° 0.083 + 0.004? 0.52+0.03¢ 0.25 + 0.00¢ 1.41+0.01?
Eryngium maritimum (stem) 0.087 + 0.006% ND 0.43 + 0.03¢ 0.43 +0.00¢
Indomethacin 0.061 + 0.009¢
Gallic acid ND 0.83 + 0.04? ND
BHT 0.01 + 0.00 ND
EDTA 0.016 +£0.00¢
Galantamine 0.21+0.02¢

Averages + standard deviation was obtained from three different experiments. Means followed by the same letter are not different according to ANOVA (analysis of variance)
(p<0.05). ND, not determined. No correlation between activity and concentration was obtained. ICso of galantamine is expressed in pg/ml.
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Fig. 2. Acetylcholinesterase inhibitory activity of the different organ plant extracts. Data were analyzed using one-way ANOVA (analysis of variance). Different letter(s)

indicate the values are significantly different (*p <0.05).

their chemical composition which mainly contain flavonoids,
phenolic acids and tannins, as well as, the possible synergis-
tic interaction between these components. Several studies have
shown that flavonoids and other phenolic compounds possess anti-
acetylcholinesterase activity (Hostettmann et al., 2006; Fawole
et al., 2010; Hernandez et al., 2010). So, in our study, correlation
coefficients were found between acetylcholinesterase activity and
total flavonols, proanthocyanidins and phenolic contents, 0.66, 0.53
and 0.53, respectively.

3.4. Determination of antioxidant capacities

3.4.1. DPPH* radical scavenging activity

In this study, antioxidant capacity was determined by the
DPPH* radical scavenging activity. This method was chosen due
to the fact that DPPH has the advantage of being unaffected by
certain side reactions, such as metal ion chelating and enzyme
inhibition as reported by Amarowicz et al. (2004). As shown in
Fig. 3, all the tested plants presented more than 50% of radical
inhibition, except E. maritimum which showed 48.94%. These
results revealed that considerable antiradical components were
extracted from the different plant parts. Differences in polarity and
thus different extractability of the antioxidative components may
also explain the differences in antioxidant activity of the extracts.
P. lentiscus and M. communis have presented the best activity and
their inhibition were not different from each other (*p<0.05) but

were significantly different from the pure standards rutin and the
synthetic compound BHA which is used as a food preservative.
The ability of the leaf extracts of P. lentiscus and M. communis to
scavenge free radicals could be attributed to their high phenolics
contents. Amarowicz et al. (2010) showed a marked antiradical
activity of tannins. Results from Table 2 revealed that these
plants contained high levels of tannins and proanthocyanidins.
Several works have reported the same results (Romani et al., 2002;
Chryssavgi et al., 2008; Aidi Wannes et al., 2010).

The leaves of M. communis and E. maritimum presented higher
antioxidant activity than their fruits and stem, respectively. While
the flowers of G. alypum were more potent than its leaves with
an [Csp =4 pg/ml (see Table 3). The scavenging potency of these
later was higher than found by Djeridane et al. (2010) with an
IC50 =8.7 mg/ml. The obtained results (Table 2) also showed that
this plant contained a good amount of flavonoids and tannins. A
lot of work confirmed our results (Djeridane et al., 2006; Es-Safi
etal., 2006). The correlation coefficient between phenolics (tannins
and proanthocyanidins) and the % of the DPPH* scavenging activ-
ity was significant (r=0.63 for both), indicating that polyphenolics
may play an important role in free radical scavenging.

3.4.2. Nitric oxide radical scavenging activity

Crude extracts of the studied plants were checked for their
inhibitory effect on nitric oxide production. The obtained results
were depicted in Fig. 4.
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Fig. 3. DPPH radical scavenging activity of the plant extracts with 100 p.g/ml. Data were analyzed using one-way ANOVA (analysis of variance). Different letter(s) indicate

the values are significantly different (*p <0.05).

Among the tested plants, S. maritima presented the best scav-
enging activity followed by E. maritimum (leaves), M. communis
(fruits) and G. alypum (flowers) with 32.06,22.07,15.54 and 14.41%,
respectively. Other plants have presented less than 10% of the activ-
ity. S. maritima bulb have presented the half activity of the pure
standard catechin and quercetin. According to our results, this plant
was found to contain total tannins and proanthocyanidins more
than flavonoids, and consequently, these compounds may con-
tribute to its marked activity. M. communis (fruits) and G. alypum
(flowers) have not presented any significant differences between
them (*p <0.05). They were found to have better activity than their
leaves which contained more phenolic compounds. Despite the
high content of phenolic compounds, P. lentiscus and M. commu-
nis leaves were less active. Variations in the NO* radical-scavenging
activity between these plants were directly related to the structural
characteristics and the amount of phenolic constituents present in
plant materials. Also, interaction between various phytochemicals
contributed to the overall scavenging activity of plant extracts.

3.4.3. Antioxidant activity in the B-carotene-linoleate model
system

The potential of the extracts to prevent or minimize the rapid
discoloration of the (-carotene was presented in Fig. 5. As can
be seen, the antioxidant activity was observed in all screened
plant extracts. Antioxidant activity increased with increasing of the
extract concentrations. At a concentration of 0.10 mg/ml the activ-
ity ranged from 3.35 to 63.60%. M. communis (leaves and fruits)
and P. lentiscus (leaves) extracts demonstrated the best ability to

inhibit the bleaching of 3-carotene by scavenging linoleate-derived
free radicals. It is important to note that the antioxidant activity of
the extracts of M. communis fruits and P. lentiscus leaves were sta-
tistically indistinguishable (*p<0.05) from each other. The same
observation was found for the extracts of G. alypum flowers, M.
vulgare and E. maritimum leaves at (*p<0.05), but the inhibitory
activity was very low compared with the first plants. These sim-
ilar activities may imply the presence of approximately similar
amounts of lipophilic antioxidants in all three species. Different
organs from the same plant were tested, as was the case of G. aly-
pum, M. communis and E. maritimum. The results obtained indicated
that the extracts obtained from the leaves presented higher inhibi-
tion than other organs which leads to say that lipophilic antioxidant
were more importantin this part. According to our literature search,
there are limited numbers of reports on S. maritima (bulb) and
E. maritimum (leaves and stem). Since the activities of these two
species evaluated here are not available in the literature, data pre-
sented here could be assumed as the first report.

In this work, we found that plant extracts having potential to
prevent or minimize the rapid discoloration of the [3-carotene
contain high phenolic amounts and coefficient correlation between
these compounds and the activity was very high (r=0.75). Some
authors have also found a correlation between them (Velioglu et al.,
1998; Ozsoy et al., 2008). The presence of a phenolic antioxidant
can hinder the extent of 3-carotene destruction by “neutralizing”
the linoleate free radical (i.e. utilizing its redox potential) and any
other free radicals formed within the system. Further, interactions
may occur between the extract components. The synergism of
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Fig. 4. Nitric oxide scavenging activity of the plant extracts with 0.5 mg/ml. Data were analyzed using one-way ANOVA (analysis of variance). Different letter(s) indicate the

values are significantly different (*p <0.05).
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polyphenolics, with one another and/or other components present
in an extract may contribute to the overall observed antioxidant
activity.

3.4.4. Metal chelating activity

The formation of Fe*-ferrozine complex is not completed in
the presence of plant extracts and standards. At 0.5 mgml~! con-
centration, the percentage of metal chelating capacity of the plants
ranged from 2.77 to 49.78% (Fig. 6).

Most of the plant extracts interfered with the formation of fer-
rous and ferrozine complex, suggesting that they have chelating
activity and can capture ferrous ion forming a more stable com-
plex than ferrozine. The highest ferrous ion-chelating power was
observed in extract of E. maritimum (stem and leaves), followed by
the leaves of M. communis. These results could be attributed to their
total phenolics and proanthocyanidins content suggesting their
ability as a peroxidation protector that relates to the iron binding
capacity. Shyuetal.(2009) have found high correlation between the
contents of phenolic compounds and ferrous ion chelating power
(r?>0.83).

The absorbance decreased linearly in the presence of M. vulgare
and S. maritima extracts as well as the standards (rutin and tannic
acid), which indicated that the formation of Fe2*-ferrozine complex
was not completed. No significant difference (*p<0.05) between
them for iron chelation. The chelating activity of the leaves of M.
communis and E. maritimum as well as its stem was significantly
higher (*p<0.05) than that of the of the standard tannic acid and
rutin and demonstrate a marked capacity for iron binding.

Except E. maritimum, in all species were leaves and another part
of the plant was investigated, the leaves showed always the high-
est antioxidant activity in this test indicating that is the organ of
the plant were antioxidants accumulated. Among all the extracts
screened in this study, G. alypum (leaves and flowers) and M.
communis fruits displayed the lowest ferrous ion-chelating power
despite their phenolic contents and the extract of P. lentiscus was
totally inactive.

4. Conclusion

From the present work, we can conclude that among plant
extracts, the best amounts of total phenolics, total tannins and
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proanthocyanidins were detected in M. communis (leaves), P. lentis-
cus (leaves)and G. alypum (flowers). The amounts of total flavonoids
varied widely in the investigated plant extracts and were higher in
M. communis and E. maritimum leaves. These findings may confirm
the interesting potential of these plants as a valuable source of natu-
ral bioactive molecules. Percentages of cyclooxygenase-1 inhibition
showed that Marrubium vulgare leaves extract had the best and the
potentactivity while the best anti-acetylcholinesterase activity was
exhibited by the extract of M. communis, P. lentiscus and E. mariti-
mum leaves. In the B-carotene bleaching test, M. communis (leaves
and fruits) and P. lentiscus (leaves) extracts demonstrated the best
inhibition activity while the highest ferrous ion-chelating power
was found with E. maritimum (stem and leaves) and M. commu-
nis leaves. The high antioxidant activity exhibited by the selected
plants in these assays suggests that they have a potential for use
in foods particularly those containing emulsified oils. Almost all
the tested plants presented more than 50% of radical inhibition
and P. lentiscus and M. communis have presented the best activ-
ity. The NO*® scavenging activity showed that S. maritima presented
the best scavenging activity and presented the half activity of the
pure standard catechin and quercetin. On the whole, it is interest-
ing to note that the studied plants have, in fact, properties that may
suggest applications in pharmaceutical industry and food. There-
fore, the obtained results are useful to further research such as the
identification of specific phenolic compounds responsible for the
acetylcholinesterase and cyclooxygenase-1 activities and to allow
to study their structure-function interactions with these enzymes.
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