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ABSTRACT ARTICLE HISTORY
The effect of an ethanolic extract of fresh leaves of Origanum Received 6 June 2018
syriacum (OSEE) on the proliferative, apoptotic, and migratory
capacities of LoVo and SW620 colon cancer cells was investi- Lovo and SW620 cells:
gated. OSEE showed a concentration-dependent apoptotic and  gpanol extract: herbal
antiproliferative effect on LoVo and SW620 cells at 500 medicine; Mediterranean
ug mL™" or higher after 48 h of exposure. Additionally, OSEE

inhibited the migration of both LoVo and SW620 cells by

decreasing (50-75%) wound-healing capacity at 500 and

1,000 ug mL™". The results suggest that OSEE may have poten-

tial anticarcinogenic activity in metastatic colon cancer cells

through the dual effect of inhibiting cell proliferation and

migration and induction of apoptosis.
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Introduction

Cancer is among the leading causes of morbidity and mortality worldwide.
Around 13% of annual death is attributed to cancer globally (1), and this
number is expected to increase by 70% in 2030 (2). Colorectal cancer is the
third most common cancer worldwide, causing the fourth highest mortality
globally (2).

While there are no specific causes of cancer, several risk factors are
implicated in its onset. Among these risk factors, obesity, diet, low physical
activity, smoking, and alcohol consumption are the top five major factors
suspected of causing around 30% of cancer-related deaths (2). Despite having
over 100 chemotherapy drugs, treatment failure is not uncommon, mainly
due to the development of chemoresistence (3). Although improvement in
cancer therapy is showing promising results in early stages, treating meta-
static cancer still remains a mystery (4). There is a growing interest in seeking
complementary and alternative approaches to develop novel and persona-
lized cancer treatment derived from natural products (3).
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More than 80% of drugs were developed from natural compounds (5), high-
lighting the importance of continuing the search on identification of novel
bioactive compounds from natural sources, such as herbs and spices which
have GRASS status. Several chemotherapeutic drugs used against colon cancer,
such as Taxol, Paclitaxel, and Vinblastine were derived from plants (5). More
than one third of European cancer patients use some sort of alternative medi-
cine, with herbal medicine being the most common (6). Individuals who were
already using herbal medicine increased their use by three times after being
diagnosed with cancer (6). This is both important and interesting as nutrition
and diet are emphasized in minimizing cancer risk and prevention (7). Several
recent studies established a correlation between the increased risk of breast and
colon cancer development and the consumption of red meat, processed meat,
and dairy (8-10) while foods rich in antioxidants have been effective in cancer
prevention (10). The Mediterranean diet has been associated with decreased risk
of cancer death, especially with the lower risk of colon cancer (11). This diet is
characterized by high intake of olive oil, fish, fruits, herbs, and vegetables, with
low meat and dairy products consumption (12). One of the components of the
Mediterranean diet is Origanum syriacum, which has not been fully studied for
its potential health benefits.

Origanum syriacum (Lamiaceae), or Syrian oregano (Za'atar) native to the
Mediterranean region, is characterized by its aromatic volatile components and
used for culinary purposes (13,14). Essential oil of Syrian oregano contains
a variety of terpenoids, monoterpenes (15), and several compounds including
carvacrol and thymol that were reported for anticancer (13,16-20), anti-
inflammatory (21), cholesterol lowering (22), and antioxidant properties
(16,23). In addition, O. syriacum volatile oil inhibited the proliferation of
human breast adenocarcinoma cells in vitro (13). Pharmacological studies of
ethanol extract derived from the aerial part of the plant showed strong anti-
proliferative activities against human leukemia (THP-1) cells at a concentration
of 2.126 mg mL ™" (24). Thymol exhibited its effect on bladder cancer cells by
arresting G2/M phase of the cell cycle and inhibition of JNK and p38-dependent
pathways (25). Carvacrol was also reported to induce mitochondrial-mediated
apoptosis and ERK-MEK inhibition in human choriocarcinoma and human
cervical cancer cells, respectively (21). This study was conducted to determine
the effects of an ethanolic extracts of O. syriacum on the in vitro proliferative and
migratory capacities of LoVo and SW620 metastatic colon cancer cells.

Materials and Methods
Extraction of Origanum syriacum

Fresh leaves of O. syriacum were purchased from Lebanon in June 2011 and
brought to Qatar University. The species was identified at the Lebanese
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International University, Beirut, Lebanon and the dried plant and its leaves
were donated to the herbarium located at Qatar University. The mature
leaves were rinsed to remove any dust or dirt and air-dried in the dark at
room temperature. Dried leaves were ground into powder, 15 g of which was
then suspended in 1 L 70% ethanol (99.8% purity, VWR International,
Radnor, PN), and the mixture was kept in the dark for 72 h at 4°C with
continuous shaking. Later, the mixture was filtered through a glass-sintered
funnel and the filtrate was evaporated to dryness using a Rota-vapor
(Heidloph, Schwabach, Germany) at 60°C and at 170 mbar. The extraction
yield was calculated to be 13%. The crude ethanolic extract of O. syriacum
(OSEE) was frozen at —20°C until further use. A stock of 400 mg mL ™" of
OSEE was prepared by dissolving the powder in 100% Dimethyl sulfoxide
(DMSO, 99.9% purity, Sigma-Aldrich, St. Louis, MO) and was stored at —20°
C until further use. For each experiment, OSEE was diluted in media used to
culture cancer cells and sterilized using 0.2 pm filter.

Cell Cultures

Two human colorectal adenocarcinoma cell lines derived from metastatic
site, LoVo and SW620, were obtained from CLS Cell Lines Service GmbH
(Eppelheim, Germany) and cultured in DMEM/F12 (Thermo Fisher
Scientific, Waltham, MA) medium supplemented with r-Glutamine (Sigma-
Aldrich, St. Louis, MO), penicillin/streptomycin (Sigma-Aldrich, St. Louis,
MO), and 10% fetal bovine serum (FBS, Sigma-Aldrich, St. Louis, MO). Cells
were maintained at 37°C in a humidified incubator with an atmosphere of
5% CO.,.

Cell Proliferation Assay

The antiproliferative activity of OSEE was tested against LoVo and SW620
cells using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay (26). Briefly, cells were seeded at 1 x 10* cells/well density in
a 96 well-microtiter plate, and then incubated at 37°C with 5% CO,.
Different concentrations of OSEE extract (0, 250, 500, 750, and
1,000 pug mL ") prepared by diluting the OSEE stock (400 mg mL™") solution
in DMEM (the highest concentration contained 0.25% DMSO, which was
used as a negative control) were added to the wells containing attached
SW620 and Lovo cells. Cyclophosphamide (CP, 98% purity, Sigma-Aldrich,
St. Louis, MO), a known chemotherapeutic drug (9,26) at 500 ug mL™" was
used as a positive control.

After incubating cells for 24, 48, and 72 h at 37°C, the media was removed
and cells were incubated with 40 L of 0.5 mg mL~' Methylthiazolyldiphenyl-
tetrazolium bromide (MTT, 97.5% purity, Sigma-Aldrich, St. Louis, MO).
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Then, 150 pL of 100% DMSO was added into each well and the plates were
shaken for 5 min before reading the absorbance at 570nm using TECAN
M200 Pro (Tecan Group Ltd., Austria) microplate reader to determine the
antiproliferative effect of OSEE against Lovo and SW620 cells. Each experi-
ment was repeated three times with five technical replicates.

Apoptosis Assay

In order to determine the ability of OSEE to induce apoptosis in LoVo and
SW620 colon cancer cells, FITC Annexin V PI assay (BD Biosciences,
Franklin Lakes, NJ) was performed according to manufacturer’s instructions.
Briefly, LoVo and SW620 cells were treated with various concentrations of
OSEE as described above in 24-well plates at density of 6 x 10° cells/well. For
gating, cells were treated overnight with 5 uM camptothecin (BD Biosciences,
Franklin Lakes, NJ, United States). After 48 h, cells were trypsinized and
centrifuged, washed twice with phosphate buffer solution (PBS), resuspended
in binding buffer, and incubated with Annexin V conjugate and propidium
iodide (PI, BD Biosciences, Franklin Lakes, NJ, United States) for 15 min at
room temperature. The apoptotic effect of OSEE in LoVo and SW620 cells
was analyzed using a BD FACS Aria III flow cytometer (BD Biosciences,
Franklin Lakes, New Jersey, United States) at 494/518 nm excitation/emission
mode. Cell populations were determined through gating, and percentages of
cells at each population was generated by BD FACS Diva software (BD
Biosciences, Franklin Lakes, New Jersey, United States).

Migration (Scratch-Wound) Assay

Wound healing assay was performed to investigate the effect of OSEE on
migration of LoVo and SW620 cells. The confluent monolayers of cells
growing in 24-well plates were scratched using a yellow tip (20-200 pL tip)
as described by El Hasassna et al. (27). Following the removal of non-
adherent cells by washing with PBS, cells were treated with various concen-
trations of OSEE or negative control (0.25% DMSO) for 48 h at 37°C.
Photomicrographs were taken using Olympus IX53 inverted microscope
(OLYMPUS Co., Tokyo, Japan) at 0 and 24 h. The width of the scratch,
indicative of cell migration, was measured using Olympus cell Sens software
(OLYMPUS Co, Tokyo, Japan).

Data Analysis

All results were presented as the mean + standard error of the mean (SEM)
of three independent experiments conducted in five replicates (n = 15). Data
were analyzed using GraphPad Prism version 7.0 (GraphPad software, Inc.
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San Diego, CA) by applying one-way ANOVA to determine the effect of
different concentrations of OSEE on select cells (P < 0.05). The Tukey post
ANOVA test was used to compare the results of cell migration and apoptosis
(P < 0.05). The inhibitory concentrations (ICsy) of OSEE against the meta-
static cancer cells were calculated by using GraphPad Prism version 7.0.

Results
Cell Proliferation Assay

The antiproliferative activity of OSEE was tested against LoVo and SW620
cells at concentrations of 0, 250, 500, 750, and 1,000 pg mL™', with 0.25%
DMSO serving as a negative control and 500 pug mL™" CP as a positive
control. OSEE exhibited inhibitory effect at a concentration of or higher
than 500 ug mL ™" after 48 h in both cancer cells. The percent inhibitory effect
of OSEE at 500, 750, and 1,000 ug mL ™" against LoVo cells after 72 h reached
rates of 52.05 * 3.32%, 59.91 + 7.63%, and 67.25 + 6.12, respectively (Fig. 1).
The ICsy values for LoVo cells were determined to be 901.2 and 457.5
ug mL~" at 48 and 72 h, respectively, supporting the time-dependent effect
of OSEE (Fig. 1). OSEE’s effect against LoVo cells at 500 pg mL™" was
comparable to that of the positive control (CP) at 500 pg mL™" after 24
and 48 h exposure times, while higher concentrations and longer exposure
time produced more potent effect than that of CP (Fig. 1). These results
demonstrated that OSEE reduced the cell proliferation in a dose- and time-
dependent manner compared to a standard chemotherapy drug (CP) tested
at 500 ug mL ™"

150
=1 500 ug/ml CP
- = 250
- z
= ) X 500
9 :
S 750
R 501 E= 1000
/ E mm Control (0)
Control (0.25%
0- ‘ ! ’ = buvso)
@’(‘ '\q:(‘
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Figure 1. Effect of ethanol extracts of Origanum syriacum leaves on proliferation of LoVo cells
after 24, 48, and 72 h of treatment. DMEM/F:12 and 0.25% DMSO were used as negative
controls, and cyclophosphamide (CP) was used as a positive control. Values are mean (+SEM)
for 3 trials. Asterisks (*) indicates difference compared to negative control (0) at: **(p < 0.01), ***
(p < 0.001).
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After 72 h of incubation, the OSEE at concentrations of 750 and 1,000
ug mL™" inhibited the proliferation of SW620 cells by 60.45 + 8.99% and
66.07 = 10.23% when compared to the results of negative control (0.25%
DMSO), respectively (Fig. 2). The inhibitory capacity of OSEE against SW620
cells was calculated at ICs, levels of 1,168 and 480.3 pg mL™! after 48 and
72 h, respectively. Additionally, the antiproliferative activity of OSEE was
more pronounced on SW620 cells (44.18 + 8.40%) at 1,000 ug mL™", com-
pared to negative control after only 48 h of incubation. The positive control
(CP) had lower antiproliferative effect on SW620 cells, having comparable
activity to negative control (Fig. 2).

Apoptosis Assay

The flow cytometry studies showed that OSEE induced apoptosis in
LoVo cells rather than necrosis (Fig. 3). As the concentration of OSEE
doubled, the percentage of early apoptotic LoVo cells increased from
6.45% to 8.27% after 48 h (Fig. 3). At both concentrations of (500 and
1,000 ug mL™") OSEE, cells undergoing late apoptosis or necrosis was
observed. As the concentration increased, number of late apoptotic/
necrotic LoVo cells increased dramatically from 8.15% to 41.5% of the
total population. Similarly, OSEE caused a concentration-dependent
increase in the percentage of early apoptotic cells and late apoptotic/
necrotic cells of SW620 from 1.5% to 3.93% and 6.78% to 41.5%,

150-
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> 100+ : -
£ i .. ' KX 500
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Figure 2. Effect of ethanol extract of Origanum syriacum leaves on proliferation SW620 cells after
24, 48, and 72 h of treatment. DMEM/F:12 and 0.25% DMSO were used as negative controls, and
cyclophosphamide (CP) was used as a positive control. Values are mean (£SEM) for 3 trials.
Asterisks (*) indicates difference compared to negative control (0) at: *(p < 0.05), **(p < 0.01), ***
(p < 0.001).



208 S. S. ALDISI ET AL.

(a)

Control (0) Control (0.25% DMSO)
o o)
E";‘ Q‘ - Eog
Ty B ol
& S S
102 a__ﬁc FITO-}:‘. 105 102 i‘-‘ﬁ'cvm c_x't‘ 108
500 pg-mL” 1000 Hg-mL”
=3 =y
P 2
E,é‘ c[‘_’)‘
e N
10°
(b)
50+ L
| Il Control (0)
40+ [ Control (0.25% DMSO)
2 B3 500
§ N 1000
o
= 204
104
o-
< <
& &
< .é\\
& <
°Q
)
<
R

Concentration (yg.mL")

Figure 3. Effect of ethanol extract of Origanum syriacum leaves on the rate of apoptosis in LoVo
cells after 48 h of incubation. Percentages of cells in early apoptosis at each concentration were
determined. 0.25% DMSO was used as a negative control. (a) Populations of cells after staining:
Q1: Pl-positive, Q2: FITC+PI-positive, Q3: unstained, Q4: FITC-positive. (b) Percentage of cells in
FITC+ (early apoptotic) and FITC/Pl+ (late apoptotic/necrotic) populations. Values are mean
(+SEM) of 2 trials, Asterisks (***) indicates difference at p < 0.001.

respectively (Fig. 4). These results demonstrate that ethanolic extract of
O. syriacum was able to induce apoptosis in both cancer cell lines by
modifying cell cycle.
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Figure 4. Effect of ethanol extract of Origanum syriacum leaves on the rate of apoptosis in SW620
cells after 48 h of incubation. Percentages of cells in early apoptosis and late apoptosis/necrosis were
determined. 0.25% DMSO was used as negative control. (a) Populations of cells after staining: Q1: PI-
positive, Q2: FITC+PI-positive, Q3: unstained, Q4: FITC-positive. (b) Percentage of cells in FITC+ (early
apoptotic) and FITC/PI+ (late apoptotic/necrotic) populations. Values are mean (£SEM) of 3 trials.
Asterisks (*) indicates difference compared to control (0) at: **(p < 0.01), ***(p < 0.001).
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Migration (Scratch-Wound) Assay

At both OSEE concentrations (500 and 1,000 ug mL™") used in this assay, the
migration of LoVo and SW620 cells was inhibited after 24 h of exposure
(Figs. 5 and 6). The migration of LoVo cells decreased compared to control
by 47.6 + 7.13% and 68.1 + 15.31% at 500 and 1,000 ug mL™", respectively
(Fig. 5a). Whereas, the anti-migratory effect of OSEE against SW620 cells at
1,000 pg mL~" was reduced to rates of 18.39 + 1.81% (Fig. 6a). These results
indicate that OSEE potently inhibits the migratory capacity of both LoVo and
SW620 cells compared to that of negative control (0.25% DMSO).

Discussion

O. syriacum has been consumed widely as a spice mix (Zaa'tar) and tea
beverage in the Mediterranean region (13). Its health promoting properties
have been identified as anticarcinogenic (13,16-20), anti-inflammatory (21),
anti-cholesterol (22), and antioxidative (16,23). Cancer onset and progression
is a multi-step process that involves uncontrollable cell division and metas-
tasis. The process is achieved by inhibiting cell-cycle control and apoptosis,
overexpression of certain pathways, and downregulation of cell adhesion
molecules (26,28). Targeting these processes using extracts derived from
herbs and plants or components of those has already been investigated in
previous studies (13,15,29).

A key player in cancer onset is cells’ ability to divide uncontrollably.
Cancer cells inhibit cell cycle control by suppressing regulatory genes, such
as Rb and TP53 (30). Cancer cells overexpress proteins involved in prolifera-
tion pathways, such as ERK1/2 or JNK (25). Not only do cancer cells increase
their proliferative activity, they also limit apoptosis by overexpressing anti-
apoptotic proteins, such as Bcl-2 (30). Interestingly, several proteins are
involved in regulating both proliferation and apoptosis. For example, p53 is
involved in apoptosis and proliferation and its dysfunction is recognized as
a marker of many diseases including cancer (31). Targeting both mechanisms
in cancer cells is an important therapeutic approach. It is well known that
chemotherapy drugs target genes/pathways to inhibit cancer.

The results of the MTT assays showed that treatment with the ethanol
extract derived from O. syriacum caused a dose- and time-dependent reduc-
tion in the growth and proliferation of LoVo and SW620 cancer cells. OSEE
exhibited potent inhibitory effect at 500 ug mL™" or higher after 48 h of
exposure in both cancer cells. When the antiproliferative activity of the crude
ethanol extract of O. syriacum was compared to a known drug (CP), the
extract showed a more pronounced antiproliferative effect on LoVo cells than
that of CP which is a commonly used drug to treat various cancers (1,23,26).
The antiproliferative effect of CP was not strongly observed against SW-620
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Figure 5. The anti-migratory effect of ethanol extract of Origanum syriacum leaves against LoVo
cells after 24 h of incubation. (a) Wound healing in LoVo cells was significantly decreased as
OSEE concentration increased, magnification 40%, (b) Quantification of anti-migration effect of
OSEE. Distance migrated was calculated relative to control (0). DMEM/F:12 and 0.25% DMSO
were used as negative controls. Values are means (£SEM) of 3 trials. Asterisks (*) indicate
differences compared to control (0) at: *(p < 0.05), **(p < 0.01).
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Figure 6. The anti-migratory effect of ethanol extract of Origanum syriacum leaves against SW620
cells after 24 h of incubation. (a) Wound healing in SW620 cells was significantly decreased at
high OSEE concentration, magnification 40X, and (b) Quantification of anti-migration effect of
OSEE. Distance migrated was calculated relative to control (0). DMEM/F:12 and 0.25% DMSO
were used as negative controls. Values are means (+SEM) of 2 trials. Asterisks (**) indicate
significant differences compared to control (0) at p < 0.01.
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cells (Fig. 2), which may because they are highly aggressive cells (32). The
overall inhibition of colon cancer cells’ proliferation after OSEE treatment
might probably be attributed to “shutting down” of different cancer survival
pathways including the ERK/MAPK and PI3K/Akt pathways. The hypothesis
on the health-promoting potential of O. syriacum has been confirmed in the
past. For example, carvacrol, a phenolic compound isolated from
O. syriacum, inhibited the proliferation of prostate cancer cells through
downregulating ERK1/2 expression and mediating the PI3K/Akt pathway
(19). The same effect was also shown against HCT-116 and LoVo colon
cancer cells, where carvacrol decreased expression of pAkt (17). Another
phenolic compound commonly found in O. syriacum, thymol, inhibited the
proliferation of bladder and colon cancer cells in vitro (16,18). The major
mechanistic activity of thymol’s effect was determined as the inhibition of
JNK and p38 as the main mediators (16,18). The results of this study suggest
that the anti-proliferative effect of ethanolic extract derived from fresh leaves
of O. syriacum against LoVo and SW620 colon cancer cells may be mainly
due to growth inhibitory effects.

Apoptosis is an important mechanism that plays a key role in the suppres-
sion of tumor cells and elimination of unusual cells (33). When cells go
through apoptosis, they exhibit certain morphological changes, such as
membrane blebbing, cell shrinkage, formation of apoptotic bodies, chromatin
cleavage, and nuclear condensation (34). In the current study, flow cytometry
studies showed that OSEE induced apoptosis in LoVo cells rather than
necrosis. After 48 h of incubation, number of early apoptotic LoVo and
SW620 cells increased with the increasing OSEE concentration. However,
late apoptotic or necrotic cells also represented a higher percentage of the
population compared to early apoptotic cells at both OSEE concentrations of
500 and 1,000 pg mL~'. Notably, a much more dramatic increase was
observed in late apoptotic/necrotic cells in both LoVo and SW620 cells’
population. These results may indicate OSEE’s apoptosis inducing potential
in both LoVo and SW620 cells, or that OSEE produced its toxicity via
necrosis or non-apoptosis related pathway. It has been reported that thymol
induced apoptosis in different cancer cells. For example, thymol activated
caspases-3/9 and decreased expression of anti-apoptotic protein, Bcl-2, in
bladder cancer cells (18). Its caspase-3 modulating effect was also observed in
HCT-116 colon cancer cells (16). Additionally, thymol inhibited cytochrome
C in both bladder and colon cancer cells (16,18). This may provide a clue on
possible pathways by which OSEE exhibited its pro-apoptotic effect on
SW620 and LoVo cells. Overall, these results suggest that OSEE may have
potential anti-tumor activity.

An important factor in cancer progression is metastasis. Cancer cells
disintegrate from surrounding tissues to enter the blood stream and extra-
vagate elsewhere in the body, forming a secondary tumor (30). Cancer cells
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downregulate cell-adhesion molecules such as E-cadherin (22), and over-
express matrix proteases such as MMP-9 (30). As expected, not only did
OSEE showed anti-proliferative and pro-apoptotic activity, but it also
demonstrated a strong anti-migratory effect on LoVo and SW-620 cells.
This effect may be the result of several pathways, one of which might be
the ERK/MAPK pathway, a key pathway involved in both cell proliferation
and migration, which has been reported to be the mediator of anti-
proliferative and anti-invasive activity of previously studied herbs
(25,31,35). For instance, an ERK-dependent pathway was found to be the
main route of cell proliferation in mouse embryonic fibroblasts, even after
p53 knockdown (35). Carvacrol exhibited antimigratory effect against pros-
tate and colon cancer cells through activation of ERK/MAPK pathway
(17,20). It also exerted an effect in downregulating the expression of MMP-
2 in prostate cancer cells, as well as MMP-2 and MMP-9 in both HCT-116
and LoVo colon cancer cells (17,20). The results of this study confirmed that
O. syriacum possess antiproliferative, pre-apoptotic, and antimigratory effects
against metastatic cancer cells. However, a few limitations of this study
include the inability in identifying the bioactive chemicals and determining
the molecular pathways which need be examined in greater detail.
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