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ABSTRACT: Due to its expected low toxicity to human use, matéention is given worldwide to
antioxidants of natural sources. Therefore, theaekbn of the total phenolic compounds containedhie
leaves ofMalva sylvestris and the analysis of the polyphenols, flavonoidd tmnins contents were carried
out. The antioxidant activity of the hydro-methaaaxtract ofMalva sylvestris was investigated employing
various establishedin vitro systems including 1,1-diphenyl-2-picrylhydrazyl RBPH) radical scavenging
activity, the reduction of hydrogen peroxide ane férric reducing power assay. The antiprolifemtctivity

of plant extract was tested against three tumdrlicels: MCF-7, Hep2 and WEHI using 3-(4,5-dimethyl
thiazol-2-yl)-2,5-diphynyl tetrazolium bromide (MJBRssay. Preliminary screening indicated the pieser
substances with large therapeutic values: an irapbidontent of polyphenols, flavonoids and tannims
detected in the tested extract. Our data showddthieaextract exhibited high antioxidant propertiesich
were demonstrated by its ability to scavenge 76.01WPPH free radicals, and the elimination of G9®of
hydrogen peroxide at a concentration of 125 pglmladdition, the plant extract showed strong ferric
reducing power which was a function of the samplecentration. For the antiproliferative activitiyetresults
demonstrated that the plant extract significantifiibited tumor cell growth and colony formation an
concentration-dependent manner. The toxicity peaggnof extract at 125 pg/ml on MCF-7, Hep2 and WEH
was found in the order of 45.20%, 62.62% and 82,04%pectively.

Keywords: Antioxidant activity; Antiproliferative effect; Hjromethanolic extracialva sylvestris; Phenolic
compounds.
1. INTRODUCTION

Cancer, as we all know that, is one of the mos$ialediseases that threaten human life and more and
more pathogenesis of cancer has been found intrgears. Reactive oxygen species (ROS) are redgensi
for many cell disorders through their action ontgires, DNA, and lipid peroxidation. By modifyingeh
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oxidative balance within the cells, these ROS arportant mediators of cell injuries. They are assdirto
play an important role in the development of marsedses such as atherosclerosis, reperfusion jnjury
cataractogenesis, rheumatoid arthritis, neurodegéwe and inflammatory disorders, cardiovascuigease
and cancer, besides being involved in the agingge®itself [1-3]. Consumption of food rich in axidants
may lead to scavenging of free radicals or ROSIfthe last years, epidemiological studies havevshan
inverse correlation between increased consumpticantioxidants such as polyphenols and risk of safne
the mentioned disorders induced by oxidative stfges}]. However, information about their bioactif@ms

in vivo and the mechanisms by which they may contributgigease prevention is still necessary. Currently,
more attention has been focused on the intensa@areh on natural bioactive constituents becausbheaf
lower toxicity and higher safety against syntheties, which are found to bring more side effects.tBe
exploration on natural derived compounds, espgcihtbse from medicinal plants, can provide moreicd®
for applications.

To the best of our knowledge, biological studiadvalva sylvestris are scarce, and for this reason the
objectives of this work were to screen the phenotimpounds, evaluate the antioxidant effect antdthes
antiproliferative activity of this plant on diffemecancerous cell lines. The resulting informatidh certainly
provide scientific support upon the traditional gs@fMalva sylvestris.

2. MATERIALS AND METHODS
2.1. Plant material

Malva sylvestris leaves were collected in April 2015 from Jijel-Alga. The leaves were dried in the
open air then in an oven, at a temperature of 40%d| the stabilization of weight. Air-dried leavavere
ground with the help of an electric grinder (Sayomadel: Sy-601) in order to get a very fine powdére
sifting was achieved with a sifter (Retche). Onlyctions less than 50 microns were used for extnacthe
plant powder was then kept in small bottles oftihgjlass to ovoid the oxidization of their compaaind

2.2. Polyphenols extraction

The extraction of polyphenols was carried out mbi@nt temperature for 48 h by maceration in
methanol-water 80/20 (v/v) at a solid- liquid ratid0 (w/v) with continuous stirring. The solutionsre then
filtered with filter paper (No. 1). The resultangdro-methanolic filtrate was refluxed with hexargr fle-
fatting as described by Yu et al. [9]. The coveneethanol phase was concentrated in a rotary evipdm
have a crude dried methanol extract. The driechektwas kept in the dark at 4°C prior analysis.

2.3. Phenols content analysis
2.3.1. Determination of total phenolics content

The total phenols content was determined by Foloe&teu's method [10]. An aliquot of 0.2 ml of the
extract or standard was mixed with 1.5 ml of Fdliocalteu reagent. The mixture was kept at room
temperature for 5 min, and then 1.5 ml of 7.5%@{; solution was added. Afterwards, the mixture was
shaken and then incubated for 90 min at room teatpes. The absorbance against a blank was meaatired
750 nm using a Shimadzu UV mini 1240 spectrophotem@JSA). Gallic acid was used to make the
calibration curve. Results were expressed as mahigGallic Acid Equivalent (GAE) per gram Crude iaxt
(CE). The analyzes were carried out five timestlledmean value was calculated.

2.3.2. Determination of total flavonoids content

The flavonoids content was determined accordingjesidane et al. [11] using a method based on the
formation of a complex flavonoid-aluminium, havitlge maximum absorbance at 430 nm. Quercetin was
used to make the calibration curve. 1.5 ml of difluextract or standard was mixed with 1.5 ml of /% ;.
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Thirty minutes later, the absorbance of the reaatixture was determined using a Shimadzu UV m2#Ql
spectrophotometer (USA) and the flavonoids contems$ expressed in milligram of Quercetin Equivalent
(QE) per gram of crude extract. The test was chwoid in five replicates and the mean value wasutated.

2.3.3. Determination of tannins content

Tannins content was determined according to théodevf Hagerman and Butler [12]. An aliquot of 1
ml of the extract or standard solution was mixeth\#i ml of bovine serum albumin prepared in 0.2ddtate
buffer, pH 5. After 24 h incubation at 4°C, the t@ns were centrifuged at 5000 rpm for 20 min. The
precipitates were collected, dissolved in 4 ml BISETEA (sodium dodecyl sulfate/triethanolamine) aimen
added to 1 ml of 0.01 M Fegbrepared in 0.01 N HCI. The well-mixed solutionsrevincubated in the dark
at ambient temperature for 15 min. The absorbage@st blank was read at 510 nm using a Shimadzu UV
mini 1240 spectrophotometer (USA). Tannic acid wssd to make the standard curve and the resules wer
expressed as milligram Tannic Acid Equivalent (TAI€y gram crude extract. The analyzes were caotgd
five times and the mean value was calculated.

2.4.1n vitro assay for antiprolifeative activity (MTT assay)
2.4.1. Céll lines and growth conditions

Antiproliferative activity was evaluated using tfadlowing establishedin vitro cancer cell lines: MCF-
7 (human breast carcinoma), Hep2 (human epiglcgtieer) and WEHI (mouse leukemia). All cell linesray
obtained from Molecular Immunoparasitology LaborgtéYarmouk University (Irbid, Jordan). The celhdis
were grown in RPMI-1640 medium, supplemented wiltboifetal calf serum (FCS), penicillin (100 unitsyml
and streptomycin (10Qg/ml) (all from EuroClone, E.U.). The cells wereibated for 3 days at 37°C in a
humidified atmosphere of 5% G@ith 95% humidity until the formation of a confluemonolayer of cells.

2.4.2. Anti-proliferation assay

The antiproliferative activity of the extract on M&, Hep-2 and WEHI cells was determined by the
MTT assay, a colorimetric assay developed by Taleioand Munekata [13]. Mouse macrophage and
human lymphocytes were used as a model for heathy. Briefly, the monolayers were trypsinized aimel
cells (5x10 cell/well) were plated in 100 pl of medium in 964yglate. After incubation overnight, at 37°C
with 5% CQ in a humidified atmosphere, the medium was remcaed different concentrations of plant
extract (5, 25, 50, 125, 250 and 50¢/ml) which were dissolved in DMSO (Avondale Lakorées, UK)
diluted with RPMI-1640 were added separately. GQuntells were incubated in a medium containing an
equivalent solvent amount without the test materéadd colchicine was used as a positive contrad. firtal
solvent concentrations were kept below 0.1% ineaperiments. This concentration level did not attelt
growth in this work. After 68 h of incubation at°&, 5% CQ, medium was removed and gDof 5 mg/ml
MTT (ACROS, USA) was added per well and cultivataghin for 4 h. The supernatant fluid was removed
carefully and formazan crystals were solubilizedabdging 10Qul DMSO to each well and shaken for 15 min.
The absorbance at 570 nm was measured with a rateoeader (Bio-Rad, USA). The cytotoxicity (%) of
samples against the proliferation of MCF-7, Hepad WEHI was calculated from the following formula:

% Cytotoxicity = [(Absorbance control-AbsorbancstjgAbsorbance control] x 100
All the experiments were performed in triplicate.

2.5.1n vitro antioxidant activity
2.5.1. Scavenging ability of 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical

The effect of the extract on DPPH radical was nwei according to the method Brand-Williams et
al. [14] with a few modifications. Briefly, a 10d of the extract and the standardst¢copherol and gallic
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acid from Sigma, USA) at different concentratio5,(50, 75, 100, 12hg/ml) were mixed with 2.9 ml of
0.025 g/l DPPH (Sigma, USA) in methanol. The migtiwere shaken vigorously and left standing at room
temperature for 30 min in the dark. The absorbarictable DPPH was measured at 515 nm againsin& bla
using a Shimadzu UV mini 1240 spectrophotometerA)lJShe ability to scavenge the DPPH radical was
calculated using the following formula:

DPPH scavenging effect (%) = [¢#\1)/Aq] x100
Where:
Aq: is the absorbance of the control (containing gaelgent except the sample) at 30 min
A;: is the absorbance of the sample at 30 min
Tests were carried out in triplicate and the meslneswas calculated.

2.5.2. Hydrogen peroxide radical scavenging assay

The ability of the hydro-methanol extract and d&nd @-tocopherol) to neutralize the hydrogen
peroxide was determined according to the methd8rafds Williams et al. [14] with some modificatiodm
aliquot of 2 ml extract or standard at differenbcentrations (25, 50, 75, 100 and 125 pg/ml) wasdivith
1.5 ml of 40 mM HO, (Distrim, Algeria) prepared in 0.1 M phosphate kuffpH =7.4. A control was
prepared containing only-B,. After incubation for 10 min in the dark, the atisance against a blank was
recorded at 230 nm using a Shimadzu UV mini 124€ctspphotometer, USA. The percentage gDH
reducing was calculated according to the followeggation:

Reducing percentage o056, (%) = [(As-A)/Ag] X100
Were:

Ay is the absorbance of control and A is the absadafthe extract.
The analyzes were done in triplicate and the maduewvas calculated.

2.5.3. Ferric reducing power determination

The reducing power of the extract and the standdedtocopherol) was determined
spectrophotometrically according to the protocoDghizu [15]. An aliquot of 1ml of the extract dasdard
solution at different concentrations (25, 50, 760 &nd 125 pg/ ml) was mixed with 1ml phosphatddouf
(0.2 M, pH 6.6) and 1ml of potassium ferricyanid&fe(CN)] (Science Company, USA) (1%). After
incubation at 58C for 20 min, 1 ml of trichloroacetic acid (10%) svadded to the mixture, before
centrifugation at 3000 rpm over 10 min. The suptmia(1.5 ml) was mixed with 1.5 ml of distilled tea
and 150 pl of ferric chloride [Fegl(0.1%) and the absorbance was measured at 708simg a Shimadzu
UV mini 1240 spectrophotometer (USA). Any incredaseabsorbance is synonymous of an increase in
reducing power. The experiment was done in tripiGand the mean value was calculated.

2.6. Statistical analysis

The results are presented as Means + SD. Thetstakisignificance of differences between groups
was determined by the Studésiest. Values oP less than 0.05 were considered to be statistisadlyificant.

3. RESULTS
3.1. Phytochemical study of the extract

In an attempt to establish a potential relationshith different activities, we have determined the
amount of phenolic compounds in the methanolicaextofMalva sylvestris leaves. Total phenol compounds,
as determined by Folin-Ciocalteu method, are regoas gallic acid equivalents by reference to taedard
curve. From the results summarized in Table 1, ae conclude thaMalva sylvestris leaves are rich in
phenolic compounds (135.55+1.18 mg GAE/g crudeaegtr The phytochemical results revealed the pasen
of moderate amounts of flavonoids and tannins (8247 mg QE/g CE and 40.71+0.948mg QTA/g CE
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respectively).

Our results agree with the findings of Cutilloaét[16] and Quave et al. [17] who showed the prese
of sterols, terpens, phenolic acids and anthocgafiihe amounts found in our sample of leaves wigieeh
than the ones found in Italian leaves. A study dase by Conforti et al. [18], they were able towttbat the
phenolics and flavonoids contents of the leavesewsr the order of 28 and 4.77 mg/g of dry matter,
respectively. For total tannins, the low contentthirs fraction gives the plant a good nutritionalality.
Indeed, the presence of tannins in foods with lighcentrations may decrease the nutritional vafuthe
food by complexion with proteins. So the importaméeMalva sylvestris in our power standpoint protein
intake is well noted.

Table 1. Total phenols, flavonoids and tannins contentsi@thanolic extract dflalva sylvestris.

Phenols content Amount
Total phenolics content (mg GAE/g extract) 135.5881
Total flavonoids content (mg QE/g extract) 52. 4G40
Total tannins content (mg TAE/g extract) 40.71+8.94

3.2.1n vitro antiproliferative activity

Anti-proliferative activity assays were performasing the MTT colorimetric assay on three cancer
cell lines (MCF-7, Hep2, and WEHI) and normal deles (macrophages and lymphocytes) as controls. Th
concentrations used of the methanol extract andtifies were from 5 to 50@g/ml, each assay was
performed in triplicate. As shown in Figure 1 arable 2,M. sylvestris extract was active against all the three
cancer cell lines tested and significantly (p<0,®Biibited cell proliferation in a dose-dependergrmer for
the three cell lines studied. In a nutshell, ressaftour study implicated that WEHI and Hep2 cielé$ were
sensitive while the human MCF-7 cell line was iigky resistant to cytotoxicity of the tested extralhe
percentage of toxicity at extract concentratiorl@db pug/ml on MCF-7, Hep2 and WEHI was found in the
order of 45.20%, 62.62% and 82.04%, respectivehjickv were higher than those of colchicine (42.04%,
60.83% and 81.01% respectively).

Table 2. Cytotoxic percent oMalva sylvestris on MCF-7, Hep2 and WEHI cancer cells. Results azamt SD.
Concentrations

5 25 50 125 250 500 Colchicine
(ug/mi)
MCF-7 20.97+0.50 20.97+0.50 36.22+0.57 45.20+0.43 46.48+0.50* 50.05+0.21* 42.04+0.43
Hep2 15.9840.42 51.61+0.46 62.24+0.84 62,63+0.21 64.00+0.04* 64.51+0.34* 60.83+0.04
Wehi 67.39+0.42 76.60+0.32 78.42+0.24 82.04+0.36 83.90+0.30* 86.27+0.3* 81.01+0.06

* Statistically different from the positive contrgtoup £<0,05).

Similarly, while screening plants used in Thakfote medicine for cytotoxic activity, Mahavoragini
et al. [19] observed that sensitivity towards tbstéd extracts was dependent on the type of caeddine
used and HepG2 appeared to be the most resistatineeln addition, it may also be hypothesizéatt the
variation may be due to the tissue specificity l# tifferent components present in the extract.[B0]a
recent report, Fadeyi et al. [21] demonstrated tmabng the twenty four traditionally used Nigerian
medicinal plants, one plant exhibited potent cyt@@ctivity against five different cancer celldismincluding
MCF7. On the basis of this study, the presencentipmliferative specific phenolic compound/compdarin
the studied plant can be suggested. Fisetin, arflaid present in apples and strawberries; has sleanwn to
inhibit breast cancer [22]. The ability of tannitesexhibit cytotoxic properties also has been reggbearlier
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[23]. In addition, the anticancer activity of th&tmct could have synergistic effects of variousmdiic
compounds. No cytotoxic effect of DMSO in the camtcations present in dilutions of stock solutionswa
observed (Table 3). The methanol extract was rtateaon the normal cell lines used as control cells

Untreated 5 ng/ml 50 pg/ml 250 pg/ml
cells 25 pg/ml 100 pg/ml 500 pg/ml

MCF-7

Hep-2

WEHI

Figure 1. Cytotoxic activity ofM. sylvestris on MCF-7, Hep2 and WEHI cancer cells using MTT gssa

Table 3. Cytotoxic activity of DMSQon MCF-7, Hep2 and WEHI cancer cells. Results arenmeaD.
Concentrations

5 25 50 125 250 500
(ug/mi)
MCF-7 0.05+0.07 0.05+0.5 0.07+0.18 0.15+0.07 0.2080.  0.25+0.07
Hep2 0.05+0.33 0.05+0.16 0.11+0.25 0.17+0.33 0.2040 0.23+0.25
Wehi 0 0 0 0 0 0

3.3. Antiradical power

The DPPH free radical is a stable radical with aximum absorption at 517 nm that can readily
undergo scavenging by an antioxidant. DPPH radwas one of the few stable radical sources and
extensively used to determine electron-donating feeel radical-scavenging abilities of antioxidaj#4d]. It
was found thatM. sylvestris exhibited notable DPPH radical-scavenging activigd the DPPH radical
scavenging effect was increased significantly (pSP,with increasing concentrations (Fig. 2). ThePBP
scavenging effect increased by increasing the eurateon of the extract up to 125 pg/ml. At 100 mband
125 pg/ml, the extract exhibited higher (55.21% d@o6dl1%, respectively) free radical-scavengingviyti
when compared ta-tocopherol (53.39% and 75.17%, respectively), estigg that. sylvestris has stronger
DPPH radical-scavenging activity.

These results could be attributed to the richnglsgshe extract in polyphenols and flavonoids
determined in this study. This conclusion is supgmbrby published reports which indicated that plieno
substances generally well correlate with scavenggtiyity on DPPH radicals [25, 26].
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60 - ns Gallic acid
W o-tocopherol

m Malva sylvestris

DPPH radical scavenging effect

25 50 75 100 125
C (pg/ ml)

Figure 2. DPPH radical scavenging activity of the methanttaet ofM. sylvestris as well as standards.
ns: Statistically not different from thetocopherol groupR>0,05).

3.4. Neutralization of the radical hydrogen peroxi@ (H,O,)

Figure 3 illustrated the reducing power ofCd by M. sylvestris extract and the standassgtocopherol.
The results indicated that the plant extract asl wsl standard possessed the capacity to decrease th
concentration of bD,. The rate of hydrogen peroxide inhibition was mmjonal to the concentration of the
plant extract. The methanolic extract\f sylvestris leaves showed a high neutralization rate (69.97%pa

pg/ml.

=&—qa-Tocopherol Malva sylvestris

100 -
90 -
80
70 A
60 -
50 4
40 -
30 -
20 -
10 -
0 T T T T T T 1
0 20 40 60 80 100 120 140

Concentrations (pg/ml)

H202 inhibition %

Figure 3. H,O, scavenger effect by. sylvestris crude extract and standard.

These results could be explained by the presenpd@iolic compounds, which have the capacity to
eliminate radicals. Hydrogen peroxide itself is dangerous, but it can sometimes be toxic to cifise it
has the ability to form the hydroxyl radical insitte cell, and therefore it is important to elimné [27]. It
is therefore biologically advantageous for cellsémtrol the amount of hydrogen peroxide that isvetd to
accumulate. The phenolic compounds present inxtraat may contribute directly to the antioxidatietion
[28].
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== Malva sylvestris a-Tocopherol
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Absorbance at 700nm
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0,1 -

0 T T T T T T 1
0 20 40 60 80 100 120 140
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Figure 4. Reducing power dfl. sylvestris extract andi-tocopherol at different concentrations.
ns: Statistically not different from thetocopherol groupR>0,05).

3.5. Ferric reducing power assay

The reducing power of a compound can be assesseédebgeduction of F& of the ferric cyanide
complex [FeGJKsFe(CN)] to the ferrous (F&) form by donating an electron. Therefore>Fean be
monitored by measuring the formation of Perl’s Biais blue at 700 nm [15]. Figure 4 showed thattkteact
exhibited an important reducing activity that isportional to the extract concentration.

These results could be explained by the preseihaetimxidants in the extract electron donors.datf
it was reported that the presence of flavonoidthaplant extracts appears to function as goodrele@and
hydrogen-atom donors and therefore should be abtertninate radical chain reactions by convertireg f
radicals to more stable products [29].

5. CONCLUSION

Overall, the results from this study demonstrate therapeutic potential of th#®l. sylvestris
methanolic extract. It could be concluded thatekiract ofM. sylvestris leaves has a good antiproliferative
capacity and considerable antioxidant ability agaibPPH, HO, and a good ferric reducing power. The
observed activities might be due to the presenciawbnoids and tannins in the leaves of this pldiite
results highlight the importance of this plant aspramising source of natural antioxidants for food
preservation and oxidative stress-related diseaseeption. The isolation of specific bioactive caupds
through bioassay-guided fractionation and theiratt@rization as well as studies evaluating thefiety may
be necessary in the exploration of these specigsofential new therapeutic drugs or drug leads.
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