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ABSTRACT

Aims: Mentha spicata medicinal properties are well known. In this study, Total phenolic and
flavonoid contents and the antioxidant activity of the methanol extract of Mentha spicata were
determined as well as evaluation of the cytotoxic activity of it. Also, the identification of some
bioactive compounds in the plant was analysed.

Place and Duration of Study: Extraction and antioxidant at Medicinal Chemistry Department,
Theodor Bilharz Research Institute, cytotoxic evaluation and GC-Ms analysis at Al-Azhar
University, Egypt.

Methodology: The antioxidant activity was determined by two methods, DPPH (2, 2-diphenyl-1-
picrylhydrazyl) and ABTS (2-2 azinobis (3-ethylbenzthiazoline-6-sulphonic acid) while, the cytotoxic
assay was determined by MTT assay on HepG-2 (Human hepatocellular carcinoma) and MTC-116
(Human colon carcinoma). Regarding to the chemical identification of methanol extract was carried
out by GC-MS analysis.

Results: The study proved that Mentha spicata has high Total phenolic and flavonoid contents
(388.20+2.38mg GAE/gm of extract &204.01£17.93mg RE/gm of extract) respectively. Also,
exhibited promising antioxidant activity by DPPH & ABTS (IC5=65.13+£1.29 pyg/ml & 52.31+0.81
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Hexadecanoic acid, methylEster

pg/ml) respectively. The methanol extract of the plant showed a good cytotoxic effect on HepG2
and HTC-116 (1C50=25.2+3.6ug/ml & 62.1+4.9ug/ml) respectively. GC-MS analysis of the methanol
extract of Mentha spicata showed 43 oxygenated hydrocarbon compounds. The major ones are
(palmitic acid ester)
Octadecatrienoic acid,methyl ester (CAS)(methyl linolenate) (22.10%), 2-Pentadecanone,6,10,14-
trimethyl- (CAS)(6.82%), Phytol (6.20%), 9,12-Octadecadienoic acid(Z,Z)-, methyl ester (6.18%),
Hexadecanoic acid (palmitic acid ) (5.95%) and Methyl stearate (4.49%).

Conclusion: Mentha spicata is a potential antioxidant and anticancer agents.

(31.51%) followed by 9,12,15-

Keywords: ABTS; DPPH; cell viability; HepG2; HTC-116; inhibition percentage.

1. INTRODUCTION

Medicinal plants are used as therapies for
diseases. According to WHO reported that more
than 80% of world populations depend on
traditional medicine for their health needs [1].
Many species of fruits, vegetables, herbs, spices
and seeds have been demonstrated their
antioxidant activity to protect from cell damage,
diseases and cancers that induced by oxidative
stress [2].

Natural antioxidants as medicinal plants are
recommended to use due to their safety while,
the commercially ones that have been used as
butylated hydroxytoluene (BHT) and butylated
hydroxyanisole (BHA) are synthetic and have
negative health problem [3].

Also, cytotoxic activity of many medicinal plants
and herbs has been reported as well as the
antioxidant properties of them [4]. Herbs contain
a variety of phytosterols, phenolic acids,
triterpenes, flavonoids, anthocyanins, saponins
and carotenoids have been shown to apply

cancer chemo-preventive and antioxidant
activities [5].
Mentha is a member of family Lamiaceae

(Labiatae) with about 220 genera and nearly
about 4000 species worldwide. The two major
forms of Lamiaceae named: Mentha piperita L.
and Mentha spicata L. The English name is
spearmint. Mentha species are frequently used in
herbal teas or as additives in commercial spice
mixtures for many foods to offer aroma and flavor

[6].

Mentha spicata has a smooth grey haired leaves
with long and narrow spike carries on its top a
pale blue flowers [7]. Moreover, it was used in
traditional medicine as it is potent in common
cold, sinusitis, cough, bronchitis, nausea,
vomiting, indigestion, intestinal Colic and appetite
loss [8].

It has been documented that aqueous extract of
Mentha spicata and its essential oil were
effective in gastro-intestinal disorders as well as
anti-microbial, anti-inflammatory and anti-tumoral
activity on some cancer cell lines [9]. Because of,
much less studies have been reported on
methanol extract of Mentha spicata. Therefore,
the objective of this study is (1), to evaluate the
antioxidant and anticancer activities of Mentha
Spicata methanol extract on human
hepatocellular carcinoma (HepG-2) and human
colon carcinoma (HCT-116) cell lines. (2), to
identify the chemical compounds responsible for
Activity of Mentha spicata methanol extract
collected from Egypt by GC-MS analysis.

2. MATERIALS AND METHODS
2.1 Chemicals

Dimethyl sulfoxide (DMSO), MTT and trypan blue
were purchased from Sigma (St. Louis, Mo.,
USA). DPPH (2, 2-diphenyl-1-picrylhydrazyl)
radical, ABTS [2—2‘azinobis (3-
ethylbenzthiazoline-6-sulphonic  acid)], Gallic
acid, Rutin, Ascorbic acid and Folin-Ciocalteau
reagent were obtained from Sigma-USA. Sodium
hydrogen phosphate and Potassium persulphate,
Sodium nitrite, Sodium hydroxide, Sodium
bicarbonate and Aluminum chloride were
purchased from Merck (Germany). Fetal Bovin
serum, DMEM, RPMI-1640, HEPES buffer
solution, L-glutamine gentamycin and 0.25%
trypsine-EDTA were purchased from Lonza.

2.2 Biological Materials

2.2.1 Cell lines

Human hepatocellular carcinoma (HepG2) and
human colon carcinoma (HCT-116) cells were

obtained from The American Type Culture
Collection (ATCC, Rockville, MD).
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2.2.2 Plant material

The whole plant was obtained from the Local
market in Giza, Egypt. It was identified by
Professor El-Sayed Hassan Hussien Shaban,
Head of Aromatic and Medicinal Plant Research
Department, Agriculture Research Centre. The
plant dried and grounded into powder then stored
for extraction.

2.3 Plant extraction

500 gm of dried Mentha spicata were soaked in
85% methanol for one week then, the extract
was filtered through Whatman No.1 filter paper
for several times. After that, the filtrate was
concentrated by Buchi Rotatory evaporator at
60°C to remove methanol completely. Finally, the
crude dried methanol extract was kept in
Medicinal Chemistry department, Theodor
Bilharz Research Institute for more studies.

2.3.1 Total phenolic content

The phenolic content of the methanolic extract of
Mentha spicata was determined using a
spectrophotometric method described by Abdel-
Hady et al. [10]. 0.5ml of the extract (250 ug/mL);
2.5ml of Folin- Ciocalteus reagent (10 %)
dissolved in water and 2.5ml NaHCO3 (7.5%).
Blank sample contains 0.5ml MeOH, 2.5ml of
Folin-Ciocalteus reagent (10 %) dissolved in
water and 2.5ml NaHCO3 (7.5%). Gallic acid
was used as the standard contains 2.5ml gallic
acid (200 pg/ml), 2.5ml of Folin-Ciocalteus
reagent (10 %) and 2.5ml of NaHCO3 (7.5%). All
mixtures were shaken and incubated at 45°C for
45 min. the absorbance was recorded at 765 nm
against a blank sample. The experiment was
carried out in triplicate. The total phenolic content
was expressed in mg gallic acid equivalent
(GAE) per gram dry weight of the extract (mg
GAE/gm dry extract).

2.3.2 Total flavonoid content

The content of flavonoids of methanolic extract of
Mentha spicata was determined using a
colorimetric assay reported by Rohman et al.
[11]. 0.5 ml of the extract was mixed with 2ml
distilled water and 150ul of NaNO2 (5%) for 6
min, then 150pl of AICI3 (10%) was added and
allow to stand for 5 min then added of 2ml of
NaOH (4%) and adjusted to 5ml with 200l
distiled water. Blank sample contains 0.5ml
MeOH instead of extract and rutin was used as
standard. The mixture was incubated at room
temperature for 15 min. the absorbance was

measured at 510 nm against a blank sample.
The experiment was carried out in triplicate. The
total flavonoid content was estimated as mg rutin
equivalents (RE) per gram extract (mg RE/g of
extract).

2.4 Antioxidant Assays
2.4.1 DPPH radical scavenging assay

The antioxidant activity of Mentha spicata
methanol extract was evaluated using DPPH free
radical scavenging method according to Akroum
et al. [12]. Various concentrations of the extract
from 5-500 pg/ml were prepared. 2 ml of each
extract concentration was mixed with 2ml of
DPPH in MeOH (0.1 mM/l). The control
contained solvent and DPPH without extract. The
mixtures were shaken well and kept in dark for
30 min at 37°C. The absorbance was measured
at 517nm. Ascorbic acid was used as standard.
The experiment was carried out in triplicate. The
DPPH scavenging % of the plant extract was
calculated from this equation.

Scavenging activity % = [(Acontrol = Asample) /
(Acontrol)] x 100

Where Acontrol iS the absorbance of control and
Asample is the absorbance of sample. Data were
expressed as ICso. The lower I1Csy value is an
indication of more powerful antioxidant activity.

2.4.2 ABTS radical scavenging assay

The plant extracts can able to quench ABTS"+
(2-2'azinobis  (3-ethylbenzthiazoline-6-sulphonic
acid) in comparison to Trolox® [13]. ABTS assay
was evaluated according to Re et al. [14] with
some modifications. The concentrated reagent
solution was prepared by dissolving 9.6 mg
ABTS in 2.5ml water( final concentration 7mM)
and then adding 110pl of a solution made by
dissolving 37.5 mg of potassium persulphate
(K2S208) in 1ml of water (final concentration
2.45mM) to produce ABTS™ radical cation. The
stock solution was kept in the dark room for 12-
16 hours before use; for study the
ABTS +solution was diluted to an absorbance
value 0.700+0.020 at wavelength 734 nm.
Subsequently, 100ul of aqueous or alcoholic
plant extract (according to solubility) with various
concentrations from 5-500 pg/ml was added to
1ml of work solution, and it was measured
exactly after 2.5 min. Also, an appropriate
solvent blank was measured. ABTS™ methanol
are used as control. The experiment was carried
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out in ftriplicates. Results were expressed in
terms of mm Trolox® equivalent per 100 g dry
weight of plant extract. The ABTS scavenging %
was calculated from the following equation.

Scavenging activity % = [(Acontrol - Asample) /
(Acontrol)] x 100

Where Acontrol IS the absorbance of control and
Asample is the absorbance of sample. Data were
expressed as ICso. The lower ICsq value is an
indication of more powerful antioxidant activity.

2.5 Anticancer Assay

Antitumor assay of Mentha spicata methanol
extract was carried out according to Mosmann
[15,16] on HepG-2 cells (Human hepatocellular
carcinoma) and HCT-116 cells (human colon
carcinoma). The cells were grown on RPMI-1640
medium with 10% inactivated fetal calf serum
and 50ug/ml gentamicin then maintained in
humidified atmosphere at 37°C with 5%CO,. The
cells were subcultured two or three times a week.
After that tumor cell lines were suspended in
medium at concentration 5x10* cell/well in 96-
well tissue culture plates. After incubation for 24
hr. the concentration of tested extract was added
in into96-well plats (0, 3.9, 7.8, 15.6, 31.25, 62.5,
125, 250, 500 pg/ml) (three replicates). 0.5%
DMSO was run as negative control. After
incubating for 24hr., the number of viable cells
was determined by MTT test. As, briefly the
media was removed from the 96 well plat and
replaced with 100 pl of fresh culture RPMI 1640
medium without phenol red then 10 pl of 12mM
MTT stock solution (5 mg/ml PBS) was added to
each well. The 96 well plate were incubated at
37°C and 5% CO, for 4 hr. and 85 pl aliquot of
the media was removed from wells and 50 pl
DMSO was added then incubated at 37°C for 10
min. the optical density was measured at 590nm
with the microplate reader to determine the
viable cells number and the percentage of
viability was calculated as:

[1-(ODYODc)] x 100%

Where, ODt is the mean optical density of wells
treated with the tested sample while, ODc is the
mean optical density of untreated cells. The 50%
inhibitory concentration (ICsp), the concentration
that is required to cause toxic effect to 50% of
cells was estimated.

2.6 GC-MS Analysis

The methanol extract of Mentha spicata was
subjected to GC-MS analysis using Thermo

Scientific TRACE 1310 Series Gas
Chromatograph on Helium as a carrier gas in
TG-SQC column. Analysis of extract was held on
the following temperature program: initial
temperature 50°C for 1min then increased to
250°C for 5 min, finally increased to 290°C for
2min. The extract was injected in split mode
constant flow 1.5ml/min. Mass spectral range
was set as 40-1000Hz also, mass transfer line
temperature was 300°C and ion source
temperature was 300°C then identification of
components was carried out by using their MS
data compared to the NIST mass spectral library.

3. RESULTS AND DISCUSSION

3.1 Total Phenolic
Contents

and Flavonoid

Phenolic and flavonoid compounds are the main
secondary metabolites act as natural
antioxidants in plants [17]. They are mainly
responsible for antioxidant activity due to their
hydroxyl group and their ability to act as
hydrogen donors [18,19,20]. The results revealed
that methanolic extract of Mentha spicata
showed high phenolic content (388.20+2.38mg
GAE/gm of extract) as well as flavonoid content
(204.01+£17.93mg RE/gm of extract). The
Phenolic and flavonoid contents of Mentha
species are frequently studied through literature
and comparing between them is so difficult due
to the difference in methodology. However, Mata
et al. [21] studied the phenolic content of Mentha
species and proved that M. spicata contains the
most total phenolic content while, Nickavar et al.
[3] also studied the phenolic content for five
Mentha species from Iran and his results
revealed that M. spicata was the lowest one.
Also, Dorman et al. [22] proved that total
phenolic content of different Mentha species
ranged from 128-230 mg GAE/gm of extract.

3.2 Antioxidant Assays

There are numerous assays to investigate the
antioxidant activity of the plants. Among these
assays, DPPH and ABTS which are common
and promising methods to investigate antioxidant
activity and free radical scavenging ability of the
extracts [3]. The two assays are perfect ones to
determine the scavenging activity of hydrogen
donating and chain breaking antioxidants [23]. In
this study, the 1C5, of methanol extract obtained
from Mentha spicata as well as the inhibition
percentage of the extract for concentrations
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ranged from 5-500ug/ml were measured by the
two assays. According to DPPH, Mentha spicata
methanol extract revealed obvious antiradical
activity, the plant inhibition concentration of 50%
of DPPH concentration (ICs) was (65.13+1.29
pug/ml) as shown in Table 1. Also, the plant
showed inhibition percentage ranged from 9%-
95% at concentrations from 5-500ug/ml as
shown in Fig 2. On the other hand, the plant
demonstrated that ABTS scavenging activity is
weaker than DPPH. ICs, which represents the
required concentration to inhibit 50% of ABTS
was (52.31+0.81 pg/ml) as shown in Table 1.
Also, the plant showed inhibition percentage
ranged from 7%-80% at concentrations from 5-
500ug/ml as shown in Fig 2. The lower ICsq
observed for ABTS than DPPH may be due to

the variation in redox potentials or in other words,
the mechanism of the reaction between each
radical; ABTS and DPPH; and the antioxidant
compounds in the extract is different than each
other [3,24]. However, the antioxidant activity of
aqueous and methanol extracts of Mentha
spicata was proved previously by [17,18]. In fact,
the methanol extract of Mentha spicata had high
phenolic and flavonoid content. In earlier study, it
was reported that the antioxidant activity was due
to the presence of polyphenolic compounds in
the plant [25,26,10] but it must be taken in
consideration that the antioxidant activity might
be attributed not only to phenolic and flavonoid
compounds but also to the other chemical
compounds in the extract as shown in Table 2
[27,19].

e
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Fig. 1. Total phenolic and flavonoid contents of methanol extract of Mentha spicata
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Fig. 2. Inhibition percentage of Mentha spicata methanol extract by DPPH and ABTS



Abdel-Hady et al.; EJMP, 26(1): 1-12, 2018; Article no.EJMP.45751

Table 1. IC5, values of DPPH and ABTS scavenging activities of Mentha spicata

The plant

ICs, of DPPH (ug/ml)

ICso of ABTS (pg/ml)

Mentha spicata 65.13+£1.29

52.31+0.81

3.3 Anticancer Assay

Cancer is the principle causes that threating life
as it is malignant expansion of cells ends with
death [28]. Anticancer activity of some medicinal
plants has been well known [29, 30, 31]. In our
survey the anticancer activity of Mentha spicata
methanol extract was investigated on HepG-2
and HCT-116 cell lines by MTT assay. The
results proved that the methanol extract of the
plant has promising inhibitory activity on HepG-2
cell lines (IC50= 25.2+3.6ug/ml) while it has
inhibitory activity on HCT-116 cell lines
(IC50=62.1£4.9ug/ml). Also, the plant showed
cell viability in concentration dependent -
manner. The cell viability determined by treating
HepG-2 was < 6% at 500ug/ml while, by treating
HCT-116 was <10% at 500ug/ml as shown in Fig
3. The cytotoxicity of Mentha species has been
reported by Hoffman [32]. Hajighasemi et al. [9]
proved the cytotoxic activity of agoueous extract
of Mentha spicata leaves on both human and
animals. Previous studies on Mentha sp. Proved
that it has been used in treatment human cervical
carcinoma [33]. Also, Shirazi et al. [34] proved
the cytotoxic activity of methanol extract of
Mentha pulegium on ovarian adeno-carcinoma
(SK-OV-3), human lung carcinoma (A549) and
human malignant cervix carcinoma (Hela).

3.4 GC-MS Analysis

Gas chromatography mass  spectroscopy
analysis was carried out on the methanol extract

of Mentha spicata. GC-MS chromatogram of the
plant showed 43 peaks as shown in Table 2 &
Fig. 4. GC-MS analysis of the methanolic extract
of Mentha spicata was identified after
comparison of mass spectra with libraries and
the compounds were enumerated along with
their molecular formula, retention time and peak
area (Figs. 5-14). The major compounds were
identified as: Hexadecanoic acid,methyl Ester
(31.51%), 9,12,15-Octadecatrienoic acid,methyl
ester (Synonym: methyl linolenate) (22.10%), 2-
Pentadecanone,6,10,14-trimethyl (6.82%),
Tetramethyl-2-hexadecen-1-ol (Synonym: Phytol)
(6.20%), 9,12-Octadecadienoic acid (Z,Z), methyl
ester (6.18%), Hexadecanoic acid (Synonym:
Palmitic acid) (5.96%) and Methyl stearate
(4.49%). Our results are in full agreement with
other previous studies that have been proved the
presence of these compounds on methanol
extract of Mentha spicata and the essential oil of
different Mentha species [5,35]. Also, these
results agreed with Boukhebti et al. [36] who
proved the presence of some minor compounds
in the methanol extract as major in the essential
oil of Mentha spicata.

However, the biological properties of these
compounds were exhibited previously. As
Hexadecaionic acid, methyl ester is reported as
antioxidant, anti-inflamatory and
hypochlosterolemic agent [37]. Also, 9,12,15-
Octadecatrienoic acid, methyl ester
(CAS)(methyl linolenate) is said to be anti-
inflamatory, cancer preventive,

120
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Fig. 3. Cytotoxicity activity of Mentha spicata methanol extract on HepG-2 and HCT-116
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Table 2. Chemical constituents present in the methanolic extract of Mentha spicata

No RT Area % MWT M. Formula Name

1 759 0.08 154 C10H180 Dihydro-carveol

2 8.05 0.1 152 C10H160 Limonene oxide

3 8.45 0.30 150 C10H140 D-Carvone

4 12.25 0.19 204 C15H24 a-copaene

5 13.07 0.14 212 C12H2003 Cyclohexan-1-ol-2-carboxylic acid, 2-allyl-3-
methyl-, methyl ester (1R,2S)-

6 13.29 0.30 202 C15H22 trans-calamenene

7 13.37 0.09 206 C14H220 Phenol, 2,4-bis(1,1-dimethylethyl)-

8 14.26 1.29 220 C15H240 (+) spathulenol

9 14.35 0.19 220 C15H240 Caryophyllene oxide

10 14.84 045 222 C15H260 Cubenol

11 1550 0.27 222 C15H260 1,1,4,7-Tetramethyldecahydro-1H-Cycloprop A [E]
Azulen-4-Ol

12 16.08 0.15 220 C15H240 trans-Z-a-Bisabolene epoxide

13 16.82 0.66 242 C15H3002 Methyl tetradecanoate

14 18.20 0.25 280 C15H2005 Tetraneurin- A-Diol

15 18.77 0.30 252 C16H2802 14-Pentadecynoic acid, methyl ester (CAS)

16 19.16 6.82 268 C18H360 2-Pentadecanone,6,10,14-trimethyl- (CAS)

17 19,99 0.46 270 C17H3402 Pentadecanoic acid, 14-methyl-, methyl ester
(CAS

18 20.27 0.21 254 C16H3002 9-Hexadecenoic acid (CAS)

19 20,85 31.51 270 C17H3402 Hexadecanoic acid, methylEster

20 22.03 5.96 256 C16H3202 Hexadecanoic acid (Palmitic)

21 2256 0.46 284 C18H3602 Heptadecanoic acid, methylEster

22 22,84 0.10 282 C18H3402 9-Octadecenoic acid (Z)- (CAS

23 2340 0.20 282 C18H3402 Oleic acid

24 2379 6.18 294 C19H3402 9,12-Octadecadienoic acid
(Z,2)-, methyl ester

25 2398 2210 292 C19H3202 9,12,15-Octadecatrienoic acid, methyl ester (CAS)
(methyl linolenate)

26 2416 6.20 296 C20H400 Phytol

27 2440 4.49 208 C19H3802 Methyl stearate

28 2478 0.21 268 C18H34D20  2,2-Dideutero,octadecanal

29 25.00 1.23 306 C20H3402 8,11,14-Eicosatrienoic acid,
(2,2,2)- (CAS)

30 2535 043 341 C21H29N202 10-Methylethoxy-NB-Alphamethylcorynantheol

31 2593 0.55 296 C20H400 3,7,11,15-Tetramethyl-2-hexade
cen-1-ol

32 26.71 2.85 258 C16H34S tert-Hexadecanethiol

33 2718 0.85 431 C24H33NO6  Benzyl 3-oxo0-5-(nitro-2-oxocyclodode
cyl)pentanoate

34 27.28 0.51 306 C20H3402 8,11,14-Eicosatrienoic acid,
(2,2,2)- (CAS)

35 27.75 1.03 326 C21H4202 Eicosanoic acid, methyl ester

36 27.85 0.83 318 C21H3402 Methyl arachidonate

37 2870 0.71 296 C20H400 3,7,11,15-Tetramethyl-2-hexadecen-1-ol

38 29.18 0.10 344 C18H1607 Quercetin 7,3',4'-Trimethoxy

39 30.87 0.28 354 C23H4602 Docosanoic acid, Methyl ester

40 31.13 0.46 390 C24H3804 1,2-Benzenedicarboxylic acid, dioctyl ester (CAS)

41 3156 0.35 312 C20H4002 Ethanol, 2-(9-octadecenyloxy)-,(Z)- (CAS)

42 34.27 0.12 280 C15H2005 Tetraneurin — A-DIOL

43 4298 0.32 414 C29H500 Stigmast -5-EN-3-0OL,(34,24S)-
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hypochlosterolemic and hepatoprotective [38]. are reported as antioxidants, cancer preventives,
Regarding to Phytol, 2Pentadecanone,6,10,14-  antidiarrheal, anti-inflamatory, pesticides,
trimethyl, Hexadecanoic acid and Methyl stearate = nematicides and antimicrobials [39,40,41,42,10].
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4. CONCLUSION Conference name: - 18th Annual Pharmaceutical
and Chemical Analysis Congress

The presence of Hexadecanoic acid, methyl

Ester, methyl linolenate, Phytol and Palmitic acid  Available link: -

may be responsible for the antioxidant and the  https://analysis.pharmaceuticalconferences.com/

anticancer activities. Working in synergy with the  abstract/2018/gc-ms-analysis-antioxidant-and-

extract to exert the biological activities of all other  cytotoxic-activities-of-mentha-spicata

phytochemicals of Mentha spicata by

chromatographic isolation will be our future plan. November 05-06, 2018 Madrid, Spain
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