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Abstract

Chemical compositions of hydro-distilled Myrtus communis and Origanum vulgare leaves essential oils were examined by gas
chromatography-mass spectrometry (GC/MS). Myrtus communis oil was found to contain thirty-one compounds, the major components
being a-Pinene (26.99%) and 1,8-Cineol (20.37%), while O. vulgare oil analysis reached fifty-five compounds, the major components being
thymol (25.48%) and carvacrol (10.29%). The 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activities of M. communis
and O. vulgare essential oils at various concentrations ranging from 25-200 ug mL~! were determined. The 50% inhibition concentration
(ICso) of O. vulgare essential oil (81.99 pg mL~") was higher than Myrtus communis essential oil (122.78 ug mL="). Human promyelocytic
leukemia cell lines (HL-60, NB4) and Ehrlish Ascites Carcinoma Cells (EACC) were incubated in vitro with different levels of two essential
oilsranged from 25-200 pg mL~"for viability test and the percentages of dead cells were determined. The 50% Lethal Concentration (LCs)
values indicated that the anticancer activity of O. vulgare essential oil was higher than M. communis essential oil against HL-60 and NB4
cell lines while The LCs, values indicated that the anticancer activity of M. communis essential oil was higher than O. vulgare essential
oil against EACC. In /n vivo assay, pre-initiation treatments with the both essential oils were more effective than initiation and post-
initiation treatments, respectively on the tumor (EACC) transplanted female mice (decrease total EACC number and increase dead cells).
Biological effects of both essential oils on normal mice indicated that all the obtained values in all experimental animals were within the
normal range.
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INTRODUCTION

Itis well known that Reactive Oxygen Species (ROS) have
the potential to cause serious health problems, including
cancer (Cozzi et al, 1997, Perera et al, 2008). Since
antioxidants can pair with these ROS more quickly than body
chemicals can, one way to diminish, the effect of ROS is to take
antioxidants into the body. Medicinal plants are potential
sources of natural compounds with biological activities and
therefore attract the attention of researchers worldwide.
Information on the antioxidant activity and phenolic
compounds of medicinal plants associated with anticancer
properties is scarce. Free radicals are active chemical species
involved in biological processes whose high existence can
give rise to several diseases (cancer, etc.) (Hung et a/, 2006).
Many people suffer from such diseases, especially from
middle age onwards. Consumption of plants with high
contents of antioxidant compounds such as polyphenols and
flavon4oids should feature in everyone’s diet, since such
species have high potential to diminish the negative effects of
free radicals as a result of their electronic and molecular
structures (Koldas et a/, 2015).

Myrtle (Myrtus communis L., Myrtaceae) is a well-known
medicinal plant that has been used worldwide in traditional
medicine. Myrtaceae family includes 100 genera and
3000 species. Myrtus genus belongs to this family of evergreen
shrubs or small trees, which grow up to 5-mtall spontaneously
(Sumbul et af, 2011), it is widespread in Mediterranean
woodlands, maquis and garrigues. Essential oil from leaves,
flowers and fruits of the plant is widely used as a functional
ingredient in the food, liguor and cosmetic industries. It tends
to vary in composition and it is mainly used for the treatment
of lung disorders. It has been found to also have
antibacterial and antioxidant activities (Yadegarinia et al,
2006; Gardeli etal, 2008). The leaves of myrtle contain tannins,
flavonoids such as quercetin, catechin and myricetin
derivatives and volatile oils (Baytop, 1999; Romani et a/, 1999).
One of the main constituents of myrtle essential oil is
1,8-cineole (Bradesi et al, 1997). The essential oil obtained
from the leaves by steam distillation is also important in
perfumery (Baytop, 1999). The oil in leaves of M. communis
growing in Turkey contains 1,8-cineole, linalool, myrtenyl
acetate and myrtenol as major components (Ozek et a/, 2000).

Origanum vulgare L. is a perennial herbaceous plant
belonging to the family Lamiaceae whose center of
differentiation is located in the Mediterranean area. The
common name of this species is oregano. The scientific name
of this plant is derived from two Greek terms-oros (mountain)
and ganos-(joy, beauty, decoration).
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Origanum vulgare is probably one of most widely used
aromatic plant, whose essential oils are particularly rich in
mono- and sesquiterpenes. Oregano essential oils have been
shown to possess antioxidant, antibacterial, antifungal,
diaphoretic, carminative, antispasmodic and analgesic
activities (Sahin et a/, 2004; Faleiro et a/, 2005; Souza et al,
2007; Sarac et al, 2009; Da Costa et al, 2009; Tommasi et al,
2009) and among these, the antimicrobial potential is of
special interest. In recent years, a large number of researches
have reported the efficacy of essential oils from several
Origanum species against a panel of bacterial strains
(Dadalioglu and Evrendilek, 2004; Baydar et al, 2004;
Vardar-Unlu et a/, 2007; Bouhdid et a/, 2008; Baser, 2008)
identified carvacrol as the main responsible for this biological
activity (Baser, 2008).

The aim of the present study was to evaluate antioxidant
activity using DPPH radical scavenging assay and anticancer
activity against two human promyelocytic leukemia cell lines
(HL-60 and NB4) and experimental animals model cancer cells
(Ehrlish ascites carcinoma cells, EACC) of Myrtus communisL.
(Myrtle) leaves and Origanum vulgare (Oregano) leaves
essential oils. In addition the present study aimed to
investigate the cytotoxicity (if any) induced by these essential
oils.

MATERIALS AND METHODS

Plant material: The dried leaves of Myrtus communis L.
(Myrtle) belonging to the family Myrtaceae were collected
from the garden of Agriculture Faculty, Cairo University and
the dried leaves of Origanum vulgare (Oregano) belonging to
the family Lamiaceae, were purchased from experimental
station of medicinal plants, Faculty of Pharmacy, Cairo
University, Egypt. The plant samples were kindly identified by
Dr. Mohamed Osama El-Segaee, Professor of Taxonomy,
Faculty of Agriculture, Cairo University.

Essential oil extraction: One hundred grams of dried leaves
of M. communis L. and dried leaves of O. vulgare were
hydro-distilled in a Clevenger type apparatus according to
Council of Europe (1997). The essential oils were dried over
anhydrous sodium sulphate, stored in a dark glass bottle and
kept at 4°C until analysis. The amount of oil obtained from
plant material was calculated as:

Observed volume of oil (mL)

Oil (% viw) =
(6 viw) Weight of sample (g)

x100
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GC/MS analysis of essential oils: The essential oils were
analyzed by GC-MS according to Adams (1989). The GC/MS
analysis was performed on a Thermogquest-Finnigan Trace
GC-MS equipped with a DB-5 (5% phenyl) methylpolysiloxane
column (60 m\0.25 mm i.d., film thickness 0.25 um). The
injection temperature was 220°C and the oven temperature
was raised from 40°C (3 min hold) to 250°C at a rate of
5°C/min, then held at 250°C for 2 min, transfer line
temperature was 250°C. One microgram of sample was
injected and helium was used as the carrier gas at a flow rate
of 1.0 mL min~'. The mass spectrometer was scanned over the
40-500 m z7' with an ionizing voltage of 70 eV and
identification was based on standard mass library that
National Institute of Standards and Technology (NIST Version
2.0) to detect the possibilities of essential oil components.

Antioxidant activity of essential oils using DPPH radical
scavenging assay: Radical scavenging activity of plant
essential oils against the stable 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical was determined spectrophotometrically
(Brand-Williams et al, 1995). The colorimetric changes
(from deep-violet to light-yellow), when DPPH" is reduced,
were measured at 517 nm on a UV/visible light
spectrophotometer. The antioxidant activity of essential
oils were measured in terms of hydrogen donating or
radical scavenging ability, using the stable radical DPPH.
Fifty microliters of various concentrations (25, 50, 75, 100
and 200 ug mL™") of the essential oils in dimethyl sulphoxide
(DMSO) as well as ascorbic acid (as standard antioxidant
compound) were put into appropriate tubes and 5 mL of
0.004% methanolic solution of DPPH* was added to each tube
to give final concentrations (25, 50, 75, 100, 200 ug mL™).
Absorbance measurements commenced immediately. The
decrease in absorbance at 517 nm was determined after 1 h
for all samples. Methanol was used to zero the
spectrophotometer. Absorbance of the DPPH radical without
antioxidant, i.e. the control, was measured. Special care was
taken to minimize the loss of free radical activity of the DPPH
radical stock solution. The DPPH radical by the samples was
calculated according to the formula of Yen and Duh (1994):

AC(o) -

A
0 %100

C(0)

Inhibition (%) =

where, A¢, is the absorbance of the control at t = 0 min and
Ay is the absorbance of the antioxidantatt=1h.

The percentage of scavenging activity was plotted
against the essential oil concentrations to obtain the
inhibitory concentration (ICy), defined as the essential oil
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concentration necessary to cause 50% scavenging. Tests were
carried out in triplicate.

Anticancer activity of essential oils

Cell growth and viability assay: Three types of cancer cell
lines were used in this study, human promyelocytic leukemia
cell lines (HL-60 and NB4) and experimental animals model
cancer cells (Ehrlish ascites carcinoma cells, EACC).

In vitro assay for anticancer activity

Celllines: Human promyelocyticleukemia cell lines (HL60 and
NB4) obtained from American Type Culture Collection (ATCC).
All of these cells were maintained in RPMI-1640 supplemented
with 10% FBS, 2 mmol L= L-glutamine, penicillin (100 U mL~")
and streptomycin (100 mg mL™") in a humidified atmosphere
of 5% CO, at 37°C for 24 h after that the cell counts were
determined. After this period the cell viability was evaluated
using trypan blue technique.

On the other hand, experimental animals model cancer
cell line (EACC) was maintained in the National Cancer
Institute (NCI) Cairo, Egypt in female Swiss albino mice by
weekly intraperitoneal (i.p) transplantation of 2.5X10° cells.
Similar line was proceeded in our department for the same
cells. For /n vivo and in vitro assays, the cells were taken
from tumor transplanted animals after 7 days of
transplantation then the number of cells/mL was
calculated by using appropriate microscope counting
technique (=2x107 cells mL~").

Trypanblue method: The viability percentage of cancer HL60
and NB4 cells were measured by the modified cytotoxic trypan
blue-exclusion technique of Bennett et a/. (1976). Before the
assay, 2x10° cells mL~! were seeded on 96-well plate and after
that the viability percentage of cancer cells were measured by
treated with different volumes of examined essential oils to
give final concentrations of 25, 50, 75, 100,200 ug mL~". The
plate was incubated at 37°C for 24 h under 5% CO,. The final
volume in each experiment was made up to 100 uL with the
media containing 1% dimethyl sulphoxide (DMSO). Control
cells were treated with the equivalent amount of vehicle
DMSO and then an equal volume of 0.4% trypan blue were
added to each experiment and left to stand for 5 min at room
temperature. Ten microliter of stained cells were add in a
hemocytometer slide and the number of viable (unstained)
and dead (stained) cells were counted. Each experiment was
carried outin triplicate. The percentage of live cells calculated
according to the following equation:

Live cells

Viable cells (%) = ————x
Dead cells+live cells
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Onthe otherhand, the EACC cells were taken from tumor
transplanted animals, then centrifuged at 1000 rpm for 5 min
and then washed with saline. The number of cells needed to
the test was prepared by suspending the cells in the
appropriate volume of saline. The culture medium used was
prepared using RPMI 1640 media, 10% fetal bovine serum,
2 mmol L' glutamine, penicillin (100 U mL™") and
streptomycin (100 ug mL~"). The viability percentage of tumor
cells was measured after incubation with the essential oil as
well as saline and DMSO as control. Two milliliter of medium
containing EACC (2 X 106 cells) were transferred into a set of
tubes, then different volumes of examined essential oil were
added into the appropriate tube as well as control to give final
concentrations 25, 50, 75, 100 and 200 pug mL™". The tubes
were incubated at 37°C under 5% CO, for 12 h, then the
viability percentage of tumor cells were measured by the
method of Bennett et a/ (1976) as described before. Each
experiment was carried out in triplicate. The percentage of
dead cells of each cell line was plotted against the essential oil
concentrations to obtain the “50% lethal concentration” LCyy,
defined as the essential oil concentration necessary to cause
50% death.

In vivo assay for anticancer activity

Animals: Forty eight healthy female Swiss albino mice
weighting 20-25 g (7-8 weeks old) were used throughout this
experiment. The animals were purchased from the animal
house of Helwan Station for Experimental Animals, Helwan,
Egypt. They were raised in the animal house of Biochemistry
Department, Faculty of Agriculture, Cairo University, Giza,
Egypt. The animals were housed in polyethylene cages in
groups of six mice per cage in a controlled environment
condition (25%+2°C, 50-60% relative humidity and 12 h
light-dark cycle). Allanimals were fed standard pellet diet and
water ad /ibitum for two weeks (adaption period). This
study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health. The
protocol was approved by the Committee on the Ethics of
Animal Experiments of the University of Cairo.

Experimental design: The animals were divided into eight
groups and each group contained six mice. Group | served
as normal control animals and was given corn oil orally for
8 weeks. Group Il animals (tumor control) were transplanted
intraperitoneal cavity with EACC at 1X10° cells (0.2 mL).
Group Il mice were treated with EACC (as in Group Il) and
M. communis essential oil (10 mg kg™ b.wt., dissolved in corn
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oil orally). Myrtus communis treatment started after 24 h of
EACC transplantation (initiation treatment) and continued
daily forthe end of the experiment. Animals in Group IV for the
post-initiating studies were treated with EACC (as in Group Il)
and after one week of tumor transplantation (tumorinduction
period) mice were treated daily with M. communis essential
oil (10 mg kg~ b.wt., dissolved in corn oil orally) till the end of
the experiment (post-initiation treatment). Animals in
Group V for pre-initiating studies were treated daily with
M. communis essential oil (10 mg Kg~' b.wt., dissolved in corn
oil orally) for 2 weeks followed by EACC (as in Group ).
M. communis treatment continued till the end of the
experiment (pre-initiation treatment). Groups VI, VIl and VI
were treated as in Groups lll, IV and V, respectively, but
with O. vulgare essential oil (20 mg kg=" b.wt., dissolved in
corn oil orally) instead of M. communis essential oil. The
initiation, post-initiation and pre-initiation treatments were
used to study the chemopreventive and/or chemotherapeutic
efficacies of M. communis and O. vulgare essential oils in the
experimental animals.

Antitumor effect of both essential oils was assessed by
observing the changes with respect to EACC, tumor number
(all, viable and dead cells) was counted after 12 days of EACC
transplantation (Bennett et a/, 1976). The Mean of Survival
Time (MST) of each group consisting of 6 mice was monitored
by recording the mortality daily. The MST of the treated
groups were compared with that of the tumor control group
to calculate the Increase in Lifespan (ILS) using the following
formula according to Rajkapoor et a/. (2004):

ILS = Ex100
C

where, Tis the MST of treated group and Cis the MST of tumor
control group.

Lactate dehydrogenase (LDH) activity was determined in
the supernatant of tumor cell suspension (EACC) according to
Legrand et a/ (1992) and Young (2001).

Biological effects of M. communis and 0. vulgare essential
oils

Animals: Eighteen male Swiss albino mice weighting 20-25g
(7-8 weeks old) were used throughout this experiment.
Animals were obtained and adapted as in the previous
experiment. The animals were divided into three groups and
each group contained six animals. Group A (normal control)
was given corn oil orally. Group B (M. communis) animals were
treated daily with M. communis essential oil (10 mg kg~ b.wt,,
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dissolved in corn oil orally) and Group C (O. wulgare)
animals were treated daily with O. wulgare essential oil
(20 mg kg™ b.wt,, dissolved in corn oil orally) for three
months to study the cytotoxicity (if any) induced by these
essential oils. At the end of the experimental period
(3 months), the animals were killed by cervical decapitation.
Blood was collected. Serum was separated by centrifugation
at 2500 rpm at 37°Cfor 15 min. This study was carried out in
strict accordance with the recommendations in the Guide for
the Care and Use of Laboratory Animals of the National
Institutes of Health. The protocol was approved by the
Committee on the Ethics of Animal Experiments of the
University of Cairo.

Biochemical analyses: Serum glucose was determined
according to Trinder (1969), serum total soluble proteins and
albumin were determined according to Hoffman (1966) and
Tietz (1995), respectively, but serum globulin was calculated
by the difference between total protein and albumin. Serum
total cholesterol and triglycerides were determined according
to Allain et al (1974) and Fossati and Prencipe (1982),
respectively.

Serum uric acid, urea and creatinine contents were
determined according to Tietz (1995), Martin (2003) and
Faulkner and King (1976), respectively. Aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
activities were measured colorimetrically in serum according
to the method described by Reitman and Frankel (1957).
Serum alkaline phosphatase was determined according to the
method of Kind and King (1954). Lactate dehydrogenase (LDH)
activity in serum was determined according to the method of
Young (2001).

Statistical analysis: Statistical analyses (standard deviation
“SD” and standard error “SE”) was carried out according to
Fisher (1970). LSD (Least significant difference) test was used
to compare the significant differences between means of
treatment (Waller and Duncan, 1969). The statistical package
for social science (SPSS., 2014) program version was used for
all analysis.

RESULTS AND DISCUSSION

The hydro distillation of M. communis and O. vulgare
dried leaves yield oil about 0.90% (v/w) and 1.30 % (v/w),
respectively. The essential oils were analyzed by GC/MS for
determination of their components and results are given in
Table 1 as a relative peak area of each constituent.
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GC/MS analysis of essential oils: More than 94% of the
studied essential oils constituents were identified. It seems
that there were no similarities among chemical
compositions of the two essential oils. Thirty-one compounds
of M. communis essential oil were identified having the total
area of 94.56%, while fifty-five compounds of O. vulgare
essential oil were identified having the total area of 97.69%.
The major components found in M. communis essential oil
were a-pinene (26.99%), 1,8-cineol (20.37%), linalool (9.47%),
myrtenyl acetate (8.86%), limonene (7.21%) and linalyl acetate
(3.99%), while the results show that the major components
of O. vulgare oil were thymol (25.48%), carvacrol (10.29%),
y-terpinene  (443%), terpinen-4-ol  (3.94%) and
B-caryophyllene (3.87%). The number of substances having
quantities higher than 1% of the M. communis and O. vulgare
essential oils were 5 and 24 substances, respectively. The
most abundant chemical structure within components of
M. communis and O. vulgare essential oils were oxygenated
monoterpenes (52.96 and 51.32%, respectively), followed
by monoterpene hydrocarbons (39.61 and 22.10%,
respectively), sesquiterpene hydrocarbons (1.39 and 16.14%,
respectively) and oxygenated sesquiterpenes (0.60 and 8.05%,
respectively). The structures of the main constituents of the
essential oils are reported in Fig. 1.

These results are in agreement with the percentage of
a-pinene, 1,8-cineol and linalool reported by Bajalan et al.
(2013), who indicated that the M. communis essential oil
contain o pinene (27.87%), 1,8-cineol (20.15%) and linalool
(10.26%), Also Gardeli et al (2008) reported that the
monoterpene fraction consisted mainly of oxygenated
monoterpenes (70.1-73.2%), followed by monoterpene
hydrocarbons (10.8-12.5%). The major compounds of essential
oil extracted from Albanian leaves of myrtle (Asllani, 2000),
were 1,8-cineole, a-pinene and limonene, as well as myrtenyl
acetate and linalool. In the case of Turkish myrtle (Ozek et a/,
2000), three major compounds were found: 1,8-cineole,
linalool and myrtenyl acetate. Vazirian et a/. (2015) found that
the major components of O. vulgare oil were thymol (37.13%)
and carvacrol (9.57%). Origanum vulgare oil was characterized
by a high percentage of oxygenated monoterpenes (59.25%),
followed by monoterpenes hydrocarbons (18.71%),
oxygenated sesquiterpenes (12.86%) and sesquiterpene
hydrocarbons (5.02%). On the other hand, results disagree
with Kawase et a/ (2013) and Raina and Negri (2012) who
found that the carvacrol percentage in O. vulgare oil was
0.84 and 6.90%, respectively. Also, myrtenyl acetate (20.75%)
and 1,8-cineol (16.55%) were found the two major compounds
of M. communis oil that reported by Ben Hsouna et al. (2014).
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Table 1: Chemical composition of dried leaves of Myrtus communis and Origanum vulgare essential oils

Peak area (%) Peak area (%)
Compound names Myrtus communis Origanum vulgare Compound names Myrtus communis Origanum vulgare
a-Thujene 0.55 0.28 Geranyl acetate 1.88 -
a-Pinene 26.99 0.84 Neryl acetate 1.07 -
Camphene - 0.56 Methyleugenol 1.01 -
Sabinene - 1.07 Carvacrol methyl ether - 0.46
B-Pinene 147 0.87 Thymol - 25.48
3-Octanol - 0.08 Carvacrol - 10.29
Myrcene 0.21 1.40 a-Copaene - 0.35
a-Phellandrene 0.16 - B-Bourbonene - 1.11
&-3-Carene 0.72 0.71 B-Elemene - 0.35
a-Terpinene 0.14 1.02 B-Caryophyllene 0.64 3.87
p-Cymene 0.63 2.94 B-Gurjunene - 0.18
Limonene 7.21 2.08 a-Humulene 0.75 1.39
1,8-Cineol 20.37 2.53 allo-Aromadendrene - 1.40
trans-B-Ocimene 0.87 1.77 y-Muurolene - 1.19
cis-B-Ocimene - 2.01 a-Muurolene - 1.05
y-Terpinene 0.31 443 a-Farnesene - 0.31
cis-Sabinene hydrate - 0.76 B-Bisabolene - 1.21
Linalool oxide 0.99 - Spathulenol - 135
Terpinolene 0.35 1.19 Caryophyllene oxide 0.60 0.56
trans-Sabinene hydrate - 0.74 B-fenchyl alcohol 0.16 -
Linalool 9.47 1.06 Methyl thymyl ether - 0.06
trans-Pinocarveol 0.18 - Germacrene D - 141
cis-p-Menth-2-en-I-ol - 0.35 y-Cadinene - 0.61
trans-p-Menth-2-en-I-ol - 0.27 5-Cadinene - 0.32
allo-neo-Ocimene - 0.93 Elemol - 1.12
Borneol - 0.85 a-Cadinene - 1.39
Terpinen-4-ol 0.31 3.94 Viridiflorol - 1.70
a-Terpineol 2.24 2.74 a-Cadinol - 1.84
Myrtenol 0.59 0.21 o-Muurolol - 1.48
cis-Piperitol - 0.30 Monoterpene hydrocarbons 39.61 22.10
trans-Piperitol - 0.52 Oxygenated monoterpenes 52.96 51.32
Pulegone - 0.1 Sesquiterpene hydrocarbons 1.39 16.14
Nerol 0.22 - Oxygenated sesquiterpenes 0.60 8.05
Geraniol 0.51 0.65 Others - 0.08
Linalyl acetate 3.99 - Identified compounds (%) 94.56 97.69
Myrtenyl acetate 8.86 - Oil yield (%) (v/w) 0.90 1.30
Terpenyl acetate 1.1 -

(@) /%
? |

a-pinene (26.99%)

1,8-cineol (20.37%) Linalool (9.47%)
OH
OH
Thymol (25.48%) Carvacrol (10.27) y-terpinene (4.43%)

Fig. 1(a-b): Chemical structures of the main constituents of (a) Myrtus communis and (b) Origanum vulgare essential oils
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Table 2: Percentage of scavenging activity of DPPH radicals induced by various
concentrations of Myrtus communis, Origanum vulgare essential oils
and ascorbic acid used as standard antioxidant substance

Concentration of Inhibition
Treatments essential oil (u)gmL™")  of DPPH" (%) ICso (Mg mML™)
Myrtus communis 25 15.63+0.38% 122.780
50 28.26+£0.63
75 35.94+1.02
100 48.92+0.55"
200 70.92+0.46°
Origanum vulgare 25 28.50%£0.84 81.99
50 35.01£1.53
75 48.12+0.61"
100 66.861+0.78"
200 84.71£0.41¢
Ascorbic acid 25 34.20+1.33 3461
50 61.66+1.259
75 81.58+1.05¢
100 91.70%1.04°
200 96.58+1.252
LSDys 2.73

The values are Mean £ SE. The mean values with different small letters within a
column indicate significant differences (p<0.05), DHHP: 2,2-diphenyl-1-
picrylhydrazyl

Antioxidantactivity of essential oils: Antioxidant activities of
essential oils from aromatic plants are mainly attributed to the
active compounds present in them. This can be due to the
high percentage of main constituents, but also to the
presence of other constituents in small quantities or to
synergy among them. In this study, the antioxidant activities
of essential oils of two plants belonging to different plant
families compared with ascorbic acid as a reference
anti-oxidant compound were determined by the method of
DPPH" radical scavenging assay and the results are
summarized in Table 2. It was found that the essential oils of
two analyzed plants showed good antioxidant capacities
compared with ascorbic acid. Theresults from Table 2 indicate
that the radical scavenging activity (% inhibition) of the
essential oil from M. communis was measured as 15.63, 28.26,
35.94, 48.92 and 70.92% with different concentrations of the
essential oil 25,50,75, 100,200 ug mL~!, respectively, whereas,
treated with the same concentrations of O. vulgare oil
reached the percentages of DPPH" inhibition of 28.50, 35.01,
48.12,66.86 and 84.71%, respectively. On the other hand the
radical scavenging activity of ascorbic acid was determined as
34.20,61.66,81.58,91.70 and 96.58% with the same previous
concentrations.

It was noticed that the scavenging activity of the
essential oils were significantly increased with the increased
of the essential oils concentrations. It is clear from the data
that the concentration of 200 ug mL=" of O. vulgare essential
oil gave the highest percentage inhibition of DPPH" (84.71%)
which was high significant inhibition value compared with
other treatments, while the same concentration of ascorbic
acid gave 96.58% inhibition. Also, radical scavenging activity
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of the M. communis essential oil was 70.92% at 200 ug mL™!
concentration. Both plants essential oils were able to
reduce the stable, purple-colored radical DPPH into
yellow-colored DPPH reaching 50% of reduction with ICs,
values as follows: 1Cs, (M. communis) = 122.78 ug mL™;
ICsy (O wulgare) 8199 upg mL' and ICg
(ascorbic acid) = 34.61 ug mL~". The quantity of M. communis
and O. vulgare essential oils required were about 3.55 and
2.37 fold, respectively, when compared with the standard
antioxidant ascorbic acid. The antiradical scavenging activity
of oils might be attributed to the replacement of hydroxyl
groups in the aromatic ring systems of the phenolic
compounds as a result of their hydrogen donating ability
(Brand-Williams et al, 1995).

In the DPPH assay, M. communis essential oil showed
high antioxidant activity according to Berka-Zougali et al.
(2012). M. communis L. essential oil has a significant
antioxidant effect when tested by DPPH method. The strong
antioxidant activity of the studied oil can be attributed to the
high content in hydrocarbon monoterpenes and oxygenated
monoterpenes (Snoussi et al, 2011). Wannes et al. (2010)
showed antioxidant activities of myrtle essential oil by using
DPPH radical scavenging, B-carotene-linoleic acid bleaching,
reducing power and metal chelating activity assays. The
essential oil, Iranian O. vulgare may be categorized in
“Thymol” chemotype and by its very strong antioxidant
activity (Vazirian et al, 2015). Also, the antioxidant
index of O. vulgare oil was better than BHA against DPPH"
(Galego et al, 2008). DPPH radical scavenging activity of
O. vulgare essential oil was very high and this was obviously
related to its chemical compositions which was markedly rich
in phenolic components such as thymol and carvacrol
(Cosge et al, 2011).

Anticancer effect of essential oils

Invitro assay foranticanceractivity: The anticancer effect of
M. communis and O. vulgare essential oils were tested in vitro
against two species of human promyelocytic leukemia cell
lines (HL-60 and NB4) and experimental animals model cancer
cells (Ehrlish ascites carcinoma cells, EACC) using viability test
(trypan blue method). The viability percentages of HL-60 and
NB4 cells after incubation with different concentrations of the
essential oils were recorded in Table 3. Data showed that the
incubation of cancer cells with different concentrations
(from 25-200 pug mL™") for 24 h of essential oils significantly
reduced the viability of those cells when compared to
untreated cells (control). The dead cells (HL-60 and NB4) were
significantly increased with increasing essential oils
concentrations. The results showed that the anticancer effects
of M. communis and O. vulgare essential oils on HL-60 cells
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Table 3: Effect of Myrtus communis and Origanum vulgare essential oils on cells viability of HL-60 and NB4 cells after 24 h of treatment and EACC after 12 h of

treatment
HL-60 NB4 EACC

Treatments Concentration (ug mL™") Dead cells (%) Viable cells (%) Dead cells (%) Viable cells (%) Dead cells (%) Viable cells (%)

Control 0 0.00" 100.00 0.00" 100.00 133%£1.33" 98.67

Myrtus communis 25 13.01£1.849 86.99 7.49+2.049 92.51 17.77+£1.79 82.23
50 25.13%1.24f 74.87 24.19%2.84f 75.81 48.82£0.45¢ 51.18
75 36.60+1.91¢ 63.40 35.73+2.05¢ 64.27 87.991+1.62° 12.01
100 47.19%1.19¢ 52.81 4543+1.64¢ 54.57 96.751+0.94° 3.25
200 72.99+2.53° 27.01 57.23+1.58¢ 42.77 100.00%0.00? 0.00

Origanum vulgare 25 28.80%1.58f 71.20 13.05£1.929 86.95 8.31+1.239 91.69
50 44,4311 ,69¢ 55.57 26.78+2.61f 73.22 1577113 84.23
75 60.621+0.38¢ 39.38 50.82%2.314 49.18 25.62¢+0.71 74.38
100 75.67+1.42° 2433 68.84+2.32° 31.16 34.239+3.26 65.77
200 88.79+1.742 11.21 85.12+£2.422 14.88 51.96°+4.34 48.04
LSDgs 4.59 6.17 5.58

Values are Mean=®SE. Mean values with different small letters within a column indicate significant differences (p<0.05), EACC: Ehrlish ascites carcinoma cells

were more than the anticancer effects on NB4 cells. On the
other side the anticancer effects of O. vulgare essential oil on
HL-60 and NB4 cells were more than the anticancer effects of
M. communis essential oil on HL-60 and NB4 cells. The highest
dead cells percentage of HL-60 was recorded by O. vulgare
essential oil (88.79%) for concentration of 200 ug mL~", while
it was 72.99% for 200 pg mL~" concentration of M. communis
essential oil.

In the same trend, the highest dead cells percentage of
NB4 was recorded by O. vulgare essential oil (85.12%) for
concentration of 200 pg mL~', while it was 57.23% for
200 pg mL=" concentration of M. communis essential oil. No
significant difference in the percentage of HL-60 dead cells
line between M. communis at 100 ug mL~" concentration and
O. vulgare at 50 ug mL™" concentration. In addition, no
significant different in the percentage of NB4 dead cells line
between M. communis at 100 pg mL~" concentration and
O. vulgareat 75 ug mL~" concentration.

The LCq, values were determined from the graphs of the
essential oils effects on HL-60 and NB4 cell lines. Myrtus
communis essential oil showed potent cytotoxic effects
with the LCs, values of 104.55 ug mL~" in HL-60 cell line and
137.01 ug mL~" in NB4 cell line, whereas O. vulgare essential
oil gave the LCq, values of 60.43 ug mL~"in HL-60 cell line and
73.65 ug mL™" in NB4 cell line. The LCs, values indicated that
the anticancer activity of O. wvulgare essential oil was
higher than M. communis essential oil against HL-60 and
NB4 cell lines.

On the other hand, the effects of M. communis and
O. vulgare essential oils on EACC viability were recorded in
Table 3. The incubation of EACC with M. communis and
O. vulgareessential oils at all concentrations (25-200 ug mL™")
for 12 h reduced the viability of these cells. The increase of
both plant essential oils concentration increased the
percentage of dead cells. The highest EACC dead cells (%) was
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recorded by M. communis essential oil (96.75 and 100%) for
concentrations of 100 and 200 ug mL=', respectively, while it
was 51.96% for 200 ug mL™' concentration of O. vulgare
essential oil. No significant difference in dead cells (%) of EACC
between concentrations 100 and 200 ug mL~" of M. communis
essential oil. In general, it was noticed that the anticancer
activity of M. communis essential oil was higher than
O. vulgare essential oil against EACC. The LCs, values were
determined from the graphs of the essential oils on EACC.
Myrtus communis and O. vulgare essential oils showed
potent cytotoxic effects with the LCq, values of 58.30 and
182,52 pg mL™, respectively in EACC. The LCs, values
indicated that the anticancer activity of M. communis
essential oil was higher than O. vulgare essential oil against
EACC.

Invivo assay for anticancer activity: The effect of
M. communis and O. vulgare essential oils initiation,
post-initiation and pre-initiation treatments on survival of
tumor (EACC) transplanted female mice and the number of
EACC (all, dead and viable) and also LDH activity in
supernatant of tumor cell suspension are shown in
Table 4 and 5. The mean of survival days for the untreated
tumor control group was 11.80%1.36 days, whereas different
treatments showed significant increase in mean of survival
days of tumor bearing mice compared with untreated
tumor control. The pre-initiation treatments of M. communis
and O. vulgare essential oils were increased transplanted
female mice lifespan (%) more than initiation and
post-initiation treatments. Pre-initiation treatment with
M. communis oil gave the highest significant increase in
lifespan percentage (330.44%) compared with tumor control.
The second effect was by M. communisoilinitiation treatment
which increase lifespan by 252.73%. Also Pre-initiation
treatment with O. vulgare oil gave significant increase in
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Table 4: Effect of Myrtus communis and Origanum vulgare essential oils on
survival of tumor (EACC) transplanted female mice
Treatment Mean survival time (days) Increase in lifespan (%)*

Normal control More than 60 More than 408.47
Tumor control 11.80°%+1.36 0.00
Myrtus communis

Initiation 41.62°+1.03 252.73
Post-initiation 30.99°+3.04 162.66
Pre-initiation 50.79°£1.93 330.44
Origanum vulgare

Initiation 23.8294+1.35 101.88
Post-initiation 20.849+1.04 76.64
Pre-initiation 32.40°+1.47 174.58
LSD 405 5.01

*Values are Mean=SE. Mean values with different small letters within a column
indicate significant differences (p<0.05)

Table 5: Effect of Myrtus communis and Origanum vulgare essential oils on
EACC number and lactate dehydrogenase activity in the tumor of
transplanted female mice

No. of Viable LDH
Treatments cellsX10°mL™"  Dead cells (%) cells (%) activity (UL™)
Tumor control 495.0%+22.712 3.801+0.73f 96.20 13.25+041¢
Myrtus communis
Initiation 176.0£13.07¢  31.58+1.71° 68.42 33.00%+1.66°
Post-initiation 2480+11.79°  24.61%+1.81¢ 7539 22.43+0.89¢
Pre-initiation 104.0%£7.41¢ 40.20%+1.53° 59.80 41.01%£1.29°
Origanum vulgare
Initiation 318.0%+10.77°  19.59%1.50¢ 80.41 20.761+1.80¢
Post-initiation 330.0+10.37° 9.79+0.86° 90.21 15.12+1.07¢
Pre-initiation 253.0+8.34¢ 27.01£1.30¢ 72.99 30.97+1.93°
LSDqgs 37.51 407 403

Values are Mean=+SE. Mean values with different small letters within a column
indicate significant differences (p<0.05)

lifespan percentage (174.58%) compared with tumor control
followed by initiation and post-initiation treatments which
were 101.88 and 76.64%, respectively.

From data recorded in Table 5 it was noticed a significant
reduction in the tumor cells number by different treatments
with M. communis and O. vulgare essential oils compared
with tumor control. The highest significant reduction in tumor
cells number was 104X105 mL™' when pre-initiation
treatment with M. communis oil followed by M. communis
initiation treatment (176X10% mL™") and M. communis
post-initiation treatment (248X 10° mL~") compared with
tumor control (495X 10% mL™"). Also initiation, post-initiation
and pre-initiation treatments of O. vulgare oil significantly
reduce tumor cell numbers to 318, 330 and 253 Xx105 mL™",
respectively compared with tumor control. On the otherhand,
there were significantincreasesin dead cells percentagesinall
treated groups comparing with tumor control group. The
highest significant dead cells percentage was recorded by
pre-initiation treatment with M. communis essential oil
(40.20%) which equal to 10.58 fold compared with tumor
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control (3.80%), while it was 27.01% (7.10 fold of tumor control
value) when pre-initiation treatment with O. vu/gare essential
oil.

These results confirmed with that of LDH activity in the
supernatant of tumor cell suspension. Cells that have lost
membrane integrity release lactate dehydrogenase (LDH) into
the surrounding medium. Measure the release of LDH from
damaged (dead) cells gives an indicator of cytotoxicity
(Hernandez etal,2003). The results indicated that the increase
in dead cells increases LDH activity in supernatant of tumor
suspension. The highest significant increase in LDH activity
was observed by M. communis pre-initiation treatment
(40.01 U L7") comparing with tumor control as similar as in
dead cells percentage.

Legrand et al (1992) found a significant correlation
between the number of dead cells, determined by trypan Blue
staining and LDH activity measurementsin the supernatant of
hybridoma strains. These results (Table 4 and 5) indicated that
the increase in lifespan was correlated with the decrease in
cells number and the increase in dead cells percentages. The
results show that the anti-tumor effect of M. communis
essential oil was higher than O. vulgare essential oil. Also,
pre-initiation treatments with the both essential oils were
more effective than initiation and post-initiation treatments,
respectively on the tumor (EACC) transplanted female mice.
This may recommended the use of these essential oils as
preventive agents against tumor. These essential oils
significantly prevent the development of tumor (decrease
total EACC number and increase dead cells).

The treatment of prostate, breast cancer cell lines and
3T3 fibroblast cell line with M. communis essential oil at
200 pg mL™' concentration gave inhibition percent was
67,95.2 and 6.5%, respectively (Stevens, 2005). Also, our
results are agreement with Oztekin et a/ (1998) who
found that M. communis essential oil increased survival
time on Ehrlich tumor of injected mice. The essential oil of
O. vulgare showed antiproliferative activity to MCF7 with ICy,
values 30.1 ug mL~" (Al-Kalaldeh et a/, 2010).

The anticancer effects of the studied essential oils may be
due to their chemical structures specially the major
components (a-pinene, 1,8-cineol and linalool were major
compounds in M. communis oil, while thymol, carvacrol and
y-Terpinene in O. vulgare oil). Matsuo et a/. (2011) reported
that a-pinene was able to induce apoptosis evidenced by
early disruption of the mitochondrial potential, production of
reactive oxygen species, increase in caspase-3 activity,
heterochromatin aggregation, DNA fragmentation and
exposure of phosphatidyl serine on the cell surface.
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Fig. 2: EOs and their constituents target multiple pathways in cancer cells (Reported by Gautam et a/. (2014))

Most importantly, this molecule was very effective in the
treatment of experimental metastatic melanoma reducing the
number of lung tumor nodules. This is the first report on the
apoptotic and antimetastatic activity of isolated a-pinene.
Also, Specific induction of apoptosis by 1,8-cineole was
observed in human leukemia Molt 4B and HL-60 cells
(Moteki et a/, 2002). The cytotoxic effect of thymol on HL-60
cells appears to be associated with induction of cell cycle
arrest at sub GO/G1 phase and apoptotic cell death based on
genomic DNA fragmentation pattern. Thymol also showed
significant increase in production of Reactive Oxygen Species
(ROS) activity, increase in mitochondrial H,0, production and
depolarization of mitochondrial membrane potential. Thymol
showed increase in Bax protein level with a concomitant
decrease in Bcl2 protein expression in a dose dependent
manner. Also thymol showed activation of caspase -9, -8 and
-3 and concomitant Poly (ADP-Ribose) polymerase (PARP)
cleavage, which is the hallmark of caspase-dependent
apoptosis (Deb et a/, 2011). Incubation of HepG2 cells with
carvacrol for 24 h induced apoptosis by the activation of
caspase-3, cleavage of PARP and decreased Bcl 2 protein
expression (Yin et al, 2012).

The EOs and their constituents target multiple pathways
in cancer cells was reported by Gautam et a/ (2014) who
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indicated that Essential Oils (EOs) by virtue have cell
membrane permeability and act on different cellular targets
involved in various pathways. The EOs increase intracellular
reactive oxygen species/reactive nitrogen species (ROS/RNS)
levels which results in apoptosis in cancer cells. Inhibition of
protein Kinase B (Akt), mammalian target of rapamycin (Mtor)
and Mitogen-Activated Protein Kinases (MAPK) pathways
at different steps by EOs leads to corresponding up-/down
regulation of various key biomolecules (and corresponding
genes. Alteration in expression of Nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-KB) by EOs and
further binding of NF-KB to DNA result in apoptosis in cancer
cells. Dephosphorylation of Akt by the action of EOs results in
overexpression of p21, which either induces apoptosis by
increasing caspases level or results in cell cycle arrest by
binding to cyclins. In addition, EOs-induced mitochondrial
stress leads to activation of Bcl-2 gene and membrane
depolarisation resulting in enhanced release of cytochrome-C
tothe cytoplasm which induces apoptotic cell deathin cancer
cells. The EOs also modulate DNA repair mechanisms by acting
as DNA polymerase inhibitors and lead to poly (ADP-Ribose)
polymerase (PARP) cleavage which also results in apoptosis in
cancer cells (Fig. 2).
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Table 6: Effect of administration with Myrtus communisand Origanum vulgare
essential oils on serum biochemical parameters of normal male mice

Serum biochemical

parameters

Normal control M. communis  O. vulgare 1 SDyy

Glucose (mg dL™") 81.90°+1.04 79.12°+1.80 74.08°£1.88 4.99
Total protein (g dL™") 6.46+0.40 5.84°+0.58 5.77°+0.46 1.50
Albumin (g dL™") 3.70°+0.27 3.89°+0.21 3.06°£0.33 0.85
Globulin (g dL™") 2.76£0.36 2.72°£0.55 1.96°+0.67 1.67
Triglycerides (mg dL™") 125.84°%£2.72 114.35°%£2.44130.29°+£2.29 7.66
Total cholesterol (mg dL™") 94.55*+2.60 86.94°+1.35 98.46°t4.18 9.08
Creatinine (mg dL™") 0.55°+0.08 0.49°+0.07 0.64°£0.09 0.24
Uric acid (mg dL™) 3.2321£0.31 29721029 3.46°+035 097
Urea (mg dL™") 2035127 21.74+137 17.93°+099 3.77
ALT (lUL™Y) 30.43°£1.24 3231°£1.13 29.44°+1.87 447
AST(UL™) 58.06*°+2.76 60.88°+£1.06 52.68°+0.73 541
ALP (IU L) 3498°+t1.23 38212214 37.64°t1.78 5.14
LDH (UL™) 47661279 51.94°£2.07 50.02°+£1.31 6.60

Values are Mean=®SE. Mean values with different small letters within a raw
indicate significant differences (p<0.05), AST: Aspartate aminotransferase,
ALT: Alanine aminotransferase, LDH: Lactate dehydrogenase, ALP: Alkaline
phosphatase

Biological effects of M. communis and O. vulgare essential
oils: The biological effects of M. communis and O. vulgare
essential oils on normal mice were evaluated to determine the
safety of using these oils as antioxidant and anti-tumoragents
and results are summarized in Table 6. The oral administration
of M. communis and O. vulgare essential oils to mice through
3 months showed no significant changes on serum glucose,
total protein, albumin, globulin, creatinine, urea and uric acid.
A significant decrease of triglycerides was observed in mice
treated with M. communis essential oil (114.35 mg dL™")
compared with normal control group (125.84 mg dL="). Also,
O. vulgare essential oil showed significant increase in serum
total cholesterol (98.46 mg dL=") compared to M. communis
essential oil group (86.94 mg dL™").

On the other hand, serum ALT, AST, ALP and LDH
activities (liver functions) as affected by oral administration
with M. communis and O. vulgare essential oils to mice were
determined (Table 6). It was noticed that no significant
changes in the activities of serum ALT, AST, ALP and LDH
between M. communis and O. vulgare essential oils
treatments compared with normal control. Serum AST
significantly decrease in mice treated with O. vu/gare essential
oil (52.68 IU L") compared with M. communis essential oil
group (60.88 IU L=1). Although, all the obtained values in all
experimental animals were within the normal range according
to Mitruka and Rawnsley (1979).

These findings are in agreement with Sepici et a/ (2004)
who reported that changes in rabbit serum biochemical
parameters were also investigated after M. communis
administration. Myrtus communis oil induced significant
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decrease in triglyceride (14.3%) level but had no significant
effects on the serum concentrations of other biochemical
parameters (Glucose, ALT, AST, cholesterol and triglycerides)
in normal animals. The supplementation of myrtle oil did not
affect the ALP, ALT, AST and creatinine concentrations in
laying quails (Bulbul et a/, 2014). Also, Saei et al (2013)
showed that the effects of M. communis oil treatment on
blood biochemical parameters of broilers at day 42 of age are
reported. There was no significant difference for total protein
among treatment compared with negative control (p>0.05).
On the other side, the results of O. vulgare oil treatment are
similar to that obtained by Corduk et a/ (2013) who indicated
that broilers at 21 days were treated with O. vulgare oll,
then it was observed non-significantly affects on serum total
protein, cholesterol, triglyceride, alanine aminotransferase
enzyme, uric acid and creatinine levels, except glucose and
aspartate aminotransferase enzyme (AST) levels compared
with normal control. Addition of the oregano oil had no
significant effects on performance, organ weights and
blood parameters (Serum concentrations of total cholesterol,
triglyceride, High Density Lipoprotein (HDL) and Low Density
Lipoprotein (LDL)) of weaned lambs (Unal and Kocabagli,
2014).

CONCLUSION

In conclusion, the essential oils of M. communis and
O. vulgare showed high scavenging activity against DPPH
radicals. In addition, essential oils showed anticancer effects
for the two human cell lines tested, HL-60 and NB4. On the
other hand, M. communis essential oil is more effective on
EACC (/n vitro and in vivo) than O. vulgare essential oil. In the
context, essential oils have preventive efficacies against
development of tumor in transplanted animals. To conclude,
M. communis and O. vulgare oils could be a promising source
of natural antioxidants and anticancer agents. Nevertheless,
additional /n vivo studies on human patients are needed to
unequivocally demonstrate this.
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