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Given the increasing incidence of gastric cancer and its high rate of metastasis, drug resistance and the mortality rate
remain high. Ocimum gratissimum, a botanical species of Ocimum known to exhibit general anti-inflammatory, antioxidant,
and anticancer activities has not yet been evaluated for gastric cancer proliferation. In this study, we have demonstrated
that O. gratissimum extract significantly reduces the viability of gastric cancer cells by triggering apoptosis, elevating levels
of ROS, and enhanced cleavage of poly-ADP-ribose polymerase and caspase-3. Western blot analysis indicated that
O. gratissimum extract enhanced the cleavage of PARP and caspase-3. Moreover, O. gratissimum extract inhibited
extracellular signal-regulated kinase 1/2 and increased activities of p38, a stress stimulated kinase. In conclusion, our
findings show that O. gratissimum extract may be a potential antigastric cancer agent.
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INTRODUCTION

Gastric cancer is one of the leading causes of cancer-related deaths,
especially in Asia (Siegel et al., 2017). Currently, gastric cancer
treatment is based on surgical resection combined with radiotherapy
or chemotherapy. However, the recurrence rate and mortality
remain unexpectedly high (5-year-survival rate of approximately
30%) due to lack of effective chemotherapeutic regimens (Orditura
etal., 2014).

Ocimum gratissimum is a common medicinal plant in tropical
regions (Ilori et al., 1996, Onajobi 1986) that ehhibits multiple
pharmacologic activities including, anti-inflammatory (Lin et al.,
1995), analgesic, spasmolytic (Aziba et al., 1999), antidiarrheal (Ilori
et al,, 1996), antiviral (Ayisi et al., 2003), and antihyperglycemic
activities (Aguiyi et al, 2000). Moreover, OGE has protective
effects in cardiac (Chang et al., 2014) and liver tissues (George
et al, 2009). Le et al. (2011) demonstrated that O. gratissimum
aqueous extract decreases H,O,-induced apoptosis in H9c2
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myocardial cells by enhancing Bcl-2 expression and AKT
activities. Moreover, the administration of O. gratissimum
polyphenol extracts reverses CCl,-induced alanine aminotrans-
ferase and aspartate aminotransferase and a-smooth muscle actin
expression, consequently inhibiting CCL, induced liver stenosis
(Chen et al., 2015).

OGE dose dependently reduces the viability of human lung
adenocarcinoma A549 cells (Chen et al,, 2011). Following OGE
treatment, A549 cells undergo apoptosis via the activation of
caspase-3 cascade (Chen et al., 2011). In addition, OGE decreases
ERKs and enhances JNK and P38 activities to inhibit A549 cell
proliferation (Chen et al., 2011). Extracts from O. basilicum
trigger breast cancer cell apoptosis via the activation of AMP
dependent protein kinase and mTOR signaling pathway (Torres
et al,, 2018). Essential oils from O. sanctum increase the Bax/Bcl-2
ratio and promote breast cancer cell apoptosis (Manaharan et al.,
2016). Shivpuje et al. (2015) indicated that O. sanctum triggers
apoptosis of human oral cancer cells. In this study, we aimed to
investigate the molecular mechanisms involved in the anticancer
activity of OGE against human gastric cancer.

MATERIALS AND METHODS

Materials

All chemicals were purchased from Sigma-Aldrich Company
(St. Louis, MO, USA). Antibodies for PARP and actin were obtained
from Sigma-Aldrich Company (St. Louis, MO, USA). Anti-ERK
and anti-p-ERK were purchased from Santa Cruz Biotechnology
Inc. (Santa Cruz, CA, USA). Anti-p38, anti-p-p38, and
anti-caspase-3 were obtained from Cell Signaling Technogy
(Danvers, MA, USA). RPMI medium, fetal bovine, and penicillin/
streptomycin were purchased from Thermo Fisher Scientific
(Waltham, MI, USA).

Preparation of OGE and Composition

Analysis

Leaves of O. gratissimum Linn. were harvested and washed with
distilled water and then homogenized with distilled water using
polytron. The homogenate was incubated at 95°C for 1 h and then
filtered through two layers of gauze. The filtrate was centrifuged at
20,000 g for 15 min at 4°C to remove insoluble pellets. The OGE
supernatant was thereafter collected, lyophilized, and stored at
-70°C until use. The content of polyphenol in OGE was analyzed
as previously described (Chen et al., 2011). The final OGE extract
contained 11.1% polyphenolic acid and 4.5% flavonoids.

Cell Culture

Human gastric cancer AGS was purchased from ATCC and cultured
in RPMI medium supplemented with 10% fetal bovine serum
and 100 pg/mL penicillin/streptomycin at 37°C in a humidified
atmosphere containing 5% CO,.

MTT Assay

Human AGS cells were seeded in 24-well plates at a density of
5 x 10*/well, incubated overnight, and then treated with 0, 200, 400,
600, and 800 mg/mL of OGE for 48 h. After removing the medium,

the cells were incubated with a medium containing 5.0 g/L MTT
at 37°C for 2 h. After washing with PBS, the purple-blue formazan
was dissolved in 1 mL of isopropanol, and the absorbance was
measured at 563 nm. The relative cell viability percentage was
determined by the absorbance of OD,  in OGE-treated groups
compared with the vehicle groups.

3

Flow Cytometric Analysis of Cell Cycle with
Propidium lodide DNA Staining

Cell cycle analysis by DNA content measurement is one of the
earliest applications of flow cytometry that distinguishes cells
in different phases of the cell cycle. Before analysis, the cells are
usually fixed or permeabilized and then treated with a fluorescent
dye such as PI that binds and stains DNA quantitatively. The
fluorescence intensity of the stained cells correlates with cellular
DNA content. The intensity of fluorescence of cells changes with
the DNA content that doubles during the S phase. The cellular
DNA content of individual cells is often plotted as their frequency
histogram to provide information about relative frequency
(percentage) of cells in the major phases of the cell cycle.

Human AGS cells were seeded in 24-well plates at a density of
5 x 10%well, incubated overnight, and then treated with 0, 200,
400, 600, and 800 mg/mL of OGE for 48 h. After washing cells
with PBS, the cells were detached by trypsinization and fixed in
70% ethanol overnight at —20°C. The cells were then washed with
ice-cold PBS, and incubated with 100 pL of RNase A at 37°C for
30 min for hydrolyzing RNA. Then the cells were reacted with
50 pg/mL PI in the dark for 15 min. Cell cycle distribution was
measured using BD Biosciences FACscan with the CellQuest™ Pro
software. The percentage of apoptosis was detected by counting
the fraction of cells with DNA contents at the sub-G1 phase. For
PI/Annexin V double staining with Alexa Fluor® 488 Annexin
V/Dead Cell Apoptosis Kit as manufacturer’s recommendation.
Cell apoptosis and necrosis were measured using BD Biosciences
FACscan with the CellQuest™ Pro software.

Measurement of ROS

Intracellular ROS was determined using a DCFDA fluorescent
probe. The AGS cells were plated in 6-well plates and allowed to
attach overnight. After treatment with the indicated concentra-
tions of OGE for 48 h, the cells were loaded with 10 uM DCFDA at
37°C for 1 h. Fluorescence was detected using Molecular Devices
Flexstation 3.

Statistical Analyses

All data were represented as mean + SD. Data were analyzed by
Student’s t-test using GraphPad Prism version 5. Significant
difference was considered at P < 0.05.

RESULTS

OGE Inhibits Proliferation of Gastric Cancer
Cells

To evaluate the effect of OGE on gastric cancer proliferation, we
incubated gastric cancer AGS cells with different concentrations of
OGE for 48 h. As shown in Figure 1, the cell viability was reduced
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FIGURE 1 | OGE reduces cell viability in human gastric cancer AGS cells. AGS cells
were treated with the indicated concentrations of OGE for 48 h. The cell viabilities
were analyzed by MTT assay. Data are presented as mean + SD obtained from
three independent experiments. **, P < 0.001.

TABLE 1 | Cell cycle distribution of AGS cells in response to OGE treatment.
*P < 0.05; *P < 0.01; **P< 0.001 compared to OGE 0 group.

Cell cycle distribution (%)

to 76%, 54%, and 50% in response to 400, 600, and 800 pg/mL OGE
for 48 h, respectively.

OGE Induces Apoptosis in Gastric Cancer
Cells

To determine whether reduced viability resulted from apoptosis,
we performed flow cytometry analysis. As shown in Table 1, the
sub-G1 phase, which represents apoptosis, was 3.10% =+ 1.03%,
6.32% * 1.90%, 6.60% + 0.52%, 14.02% + 0.6%, and 18.89% =+
7.49% in the presence of 0, 200, 400, 600, and 800 pg/mL of OGE,
respectively. Consistent with increased sub-G1 in the presence
of 600 and 800 ug/mL OGE, the G0/G1 phase of 600 and 800 ug
OGE groups was decreased to 37.92% + 7.96% and 24.16% + 6.93%
compared with 56.91% + 6.38% in the control group (Table 1).

PI and annexin V double staining was conducted to determine
whether OGE triggered both apoptosis and necrosis. Approximately
600 and 800 pg/mL of OGE significantly elevated apoptosis;
moreover, 800 pg/mL of OGE also induced necrosis in AGS cells
(Fig. 2).

OGE Enhances ROS Generation in Gastric
Cancer Cells

Enhanced ROS generation plays a pivotal role in the antitumor
activity of several flavonoids. To determine whether OGE pro-
moted ROS generation, we performed DCFDA staining. The ROS

OGE Sub-G1 GO0/G1 S G2/M
(ug/mL) level was significantly increased to 1.18 + 0.07, 1.27 + 0.10, 1.27
o 3102 1.03 56.01 2638 17132364 21832568 + 0.73, and 1.27 + 0.06 fold i'n the presence of 200, 490, 600, and
200 6.32 £ 1.90 5480+ 199  16.27+248 2228+2.10 800 pg/mIL OGE compared with the normal control (Fig. 3).
400 6.60 + 0.52 5221501 1621260 24.89 +4.90 OGE Increases Caspase-3 Activity
600 14.02+063 8727967 21092558 2680+9.19 During apoptosis, procaspase 3 is cleaved to form activated
800 1889+ 74977 24.16£6.557 2253+608 8337=6.22 caspase 3, which cleaves PARP. To investigate whether OGE affected
[l
)
Anmnexin V- ¢ 200 400 600 800
OGE (ug/ml)
50+ 30+
SNl @
a 30- &
o 4
‘5‘20- o
) a 104
Z0] 2 - | |
0 (RN — | I

200 400 600 800
OGE (ug/ml)

200 400 600 800
OGE (ug/ml)

FIGURE 2 | OGE induces both apoptosis and necrosis in AGS cells. AGS cells were treated with the indicated concentrations of OGE for 48 h. The cells were stained with
Pl/annexin V. The apoptotic and necrotic percentages are presented as mean + SD obtained from three independent experiments. **, P < 0.01. **, P < 0.001.
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FIGURE 3 | OGE elevates ROS levels. (A) AGS cells were treated with the indicated concentrations of OGE for 48 h. (B) ROS level was detected by DCF-DA. Data are
presented as mean + SD obtained from three independent experiments. *, P < 0.05. **, P < 0.01.

the expression of apoptosis-related proteins, we performed Western
blot analysis. As shown in Figure 4, obviously increased cleavage
of caspase-3 was found in AGS cells exposed to 400, 600, and
800 pg/mL OGE for 48 h. Moreover, OGE dose dependently
increased the cleavage of PARP but did not show a significant
difference.

OGE Modulates MAPK Activities

The MAPK family including ERK1/2 and p38 plays an important
role in cell proliferation and apoptosis (De Luca et al., 2012). To
test whether OGE affected the activities of MAPKs, we conducted
Western blot analysis. OGE at 400, 600, and 800 ug/mL significantly
reduced the phosphorylation status of ERK1/2. By contrast, p38
phosphorylation was obviously increased in response to 600 and
800 pg/mL OGE treatment (Fig. 5).

DISCUSSION

In this study, we demonstrated the effects of OGE on the prolifera-
tion of gastric cancer AGS cells. OGE induced AGS cells to undergo
apoptosis via the elevation of intracellular ROS levels and disrup-
tion of mitochondrial membrane potential. In addition, OGE also
regulated the activities of ERK and p38.

ROS play a critical role in many cellular functions, such as apop-
tosis, migration, and cell cycle progression (Babu and Tay, 2019).
Flavonoids increase ROS levels in cancer cells. Elevated ROS
leads to imbalanced membrane potential, causing mitochondrial
dysfunction and eventually triggering apoptosis (Jezek et al.,
2018). Sotetsuflavone elevates ROS, activates mitochondrial-
dependent pathway, and then triggers apoptosis in A549 cells

(Wang et al., 2018). Xanthohumol increases ROS level, inhibits
nuclear factor-xB activities, and promotes apoptosis in gastric
cancer AGS cells (Orditura et al., 2014). A recent study showed that
O. sanctum ethanol extract renders lung adenocarcinoma A549
cells to undergo apoptosis through the elevation of intracellular
ROS levels (Wihadmadyatami et al,, 2019). In line with these
observations, we also demonstrated that OGE significantly
promoted ROS overproduction in proportion to its concentration
in AGS cells.

The MAPK family, including ERKs, JNK, and p38, transduce
signals from the extracellular milieu to regulate various functions,
such as cell proliferation, cell differentiation, and apoptosis
(De Luca et al, 2012). In general, ERK functions to promote
cell proliferation in response to mitogen activation. p38 and
JNK trigger apoptosis in response to inflammation or stress.
Studies have shown that extracts from traditional herbs inhibit
cell proliferation through the regulation of MAPK activities. The
ethyl acetate extract of Asclepias curassavica (EAAC) induces
NIC-H1975 tumor cells to undergo apoptosis via the activation of
p38 activity (Zheng et al., 2019). Pretreatment with p38 inhibitor
abolishes EAAC-induced apoptosis in NIC-H1975 cells (Zheng
et al.,, 2019). Similarly, extracts from Houttuynia cordata Thunb
enhance apoptosis in melanoma cells through the elevation of p38
activity (Yanarojana et al., 2017). Lee et al. (2018) demonstrated
that the ethyl acetate extract of Orostachys japonica elevates the
activity of p38, represses the activity of ERK, and then causes
apoptosis in human ovarian cancer OVCAR-3 cells. Kaempferia
parviflora extract represses the activity of ERK1/2 and then
promotes apoptosis in HeLa cervical cancer cells (Potikanond et al.,
2017). In the present study, we demonstrated that OGE significantly
promoted p38 and suppressed ERK1/2 activities.
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FIGURE 4 | OGE increases caspase-3 and PARP cleavage. AGS cells were treated with the indicated concentrations of OGE for 48 h. The cell lysates were collected and
subjected to Western blot analysis by using the indicated antibody. The lower panel data are presented as mean + SD from at least three independent experiments.
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FIGURE 5 | OGE alters the activities of ERK1/2 and p38. AGS cells were treated with the indicated concentrations of OGE for 48 h. The cell lysates were collected and
subjected to Western blot analysis by using the indicated antibody. The lower panel data are presented as mean + SD from at least three independent experiments.
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In summary, our findings revealed that OGE increased the ROS
level, disrupted mitochondrial membrane potential, controlled
MAPK activities, and finally triggered apoptosis in gastric cancer
AGS cells. Our results suggested that OGE may be a potential anti-
gastric cancer agent.
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