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A B S T R A C T   

Ocimum sanctum Linn. is a medicinal herb that has cytotoxic effects by inducing oxidative stress in 
some carcinomas. This study aimed to examine the impact of O. sanctum leaf extract on oxidative 
stress, cell cycle progression, and apoptosis in cell lines of head and neck squamous cell carci
noma (HNSCC). Isogenic primary (HN18/HN30) and metastatic (HN17/HN31) HNSCC cell lines 
were used. Preparation of the ethanolic extract of O. sanctum leaf (EEOS) was carried out. HNSCC 
cell lines were exposed to varying concentrations (0.1–0.8 mg/ml) of EEOS for a duration of 72 h, 
and the MTT assay was utilized to determine the cytotoxic doses. To assess the impact of EEOS on 
HNSCC cells, the levels of reactive oxygen species (ROS) and malondialdehyde were measured 
using a fluorometric method. Flow cytometry was utilized to evaluate effects of EEOS on the cell 
cycle, DNA damage, and apoptosis in HNSCC cells. Caspase-3 and -9 levels in the EEOS-treated 
HNSCC cells were measured by ELISA. The chemical components in EEOS were detected using 
high-performance liquid chromatography-electrospray ionization-time of flight-mass spectrom
etry. EEOS exhibited cytotoxicity against the HN18, HN17, HN30 and HN31 cells at minimum 
concentrations of 0.1, 0.3, 0.2 and 0.2 mg/ml, respectively. Treatment with EEOS resulted in a 
significant increase in ROS levels in HN18 and HN17 cells. Additionally, EEOS significantly 
induced the levels of malondialdehyde in HN18 and HN31 cells. Moreover, EEOS arrested the cell 
cycle in HN30 and HN31 cells, and significantly induced DNA damage and apoptosis in the HN18, 
HN30, and HN31 cells. EEOS selectively increased caspase-9 in the HN18 cells. However, caspase- 
3 was activated without apoptosis in the EEOS-treated HN17 cells. The constituents of EEOS were 
identified as rosmarinic acid, caffeic acid, and apigenin. In conclusion, EEOS exhibits various 
prooxidative and apoptotic effects between HNSCC cells.   

1. Introduction 

Head and neck squamous cell carcinoma (HNSCC) is a term used to describe cancers that originate from the mucosal squamous 
epithelial cells in the oral cavity and pharynx. Head and neck cancer is the seventh most common human malignancy worldwide [1]. 
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Despite advances in treatment options, the five-year survival rate for HNSCC has not shown significant improvement over the past 
decade, which can be attributed to the resistance of cancer cells to therapy [2]. Radiation and chemotherapy drugs are commonly used 
for treating HNSCC. These therapeutic regimens affect the cancer cells by increasing reactive oxygen species (ROS) levels [3]. Natural 
herbs such as curcumin, quinones, quercetin, and terpenoid have been shown to be effective in regulating ROS levels in head and neck 
cancer cells, and have the potential to enhance the efficacy of conventional chemo-/radiotherapy [4]. Moreover, emerging interdis
ciplinary techniques such as photodynamic [5] and nanoparticle systems [6] provide additional options for regulating ROS levels in 
head and neck cancer, in conjunction with chemo-/radiotherapy. 

Free radicals, including ROS and reactive nitrogen species (RNS), are implicated in the pathogenesis of several cancers, including 
HNSCC [7]. During the oxidative metabolism of the cancer cells, free radicals are produced. Upregulation of ROS can increase 
malondialdehyde, that can cause lipid peroxidation and DNA damage, and ultimately lead to cell death. Basal levels of ROS maintain 
homeostasis in normal cells. Increased levels of ROS affect a variety of tumor activities depending on the ROS concentration. Chronic 
oxidative stress can lead to low concentrations of ROS, which promote cell mitosis and increase genomic instability. On the other hand, 
moderate concentrations of ROS can cause temporary or permanent cell cycle arrest [8]. Moreover, high ROS concentrations promote 
acute oxidative stress by damaging macromolecules and inducing apoptosis, necrosis, and ferroptosis. Therefore, ROS upregulation 
during chemo-/radiotherapy is toxic to tumor cells. Despite regulating ROS levels have potential benefits in cancer therapy, it should 
be noted that high levels of ROS can also promote multidrug resistance in cancer cells during chemotherapy, which can significantly 
limit the efficacy of cancer treatment and impact the quality of life of patients [9]. Natural herbs are one possible option for regulating 
ROS levels in cancer therapy, including strategies to increase ROS levels. Various phytochemical constituents found in natural herbs, 
including flavonoids [10,11], polyphenols [12], and quinones [13], have been utilized in the comprehensive treatment of HNSCC by 
increasing ROS levels. 

Ocimum sanctum Linn., commonly known as “Holy basil” [14], is a native medicinal herb and is grown throughout eastern Asian 
countries, including Thailand [15,16]. O. sanctum contains phytochemicals as a major chemical component. The composition of 
phytochemicals in this plant is subject to variations based on factors like growing conditions, harvesting methods, and extraction 
techniques [17]. The extracts obtained from the leaves and stem of the plant have been found to contain various phenolic compounds 
and flavonoids [18]. In recent studies, it has been shown that O. sanctum exhibits a variety of biological and pharmacological activities, 
such as antioxidant [19,20], anti-inflammatory [21], antimicrobial [22], and anticancer effects [17], which are attributed to the 
presence of phytochemical compounds in different parts of the plant such as leaves, stems, roots, flowers, and seeds. 

The ethanolic extract of O. sanctum (EEOS) leaf has been demonstrated to have anticancer effects on several human tumors, e.g. 
gastric [20], pancreatic [23], non-small cell lung [24], and head and neck cancer [25,26]. Moreover, the EEOS exerts its anticancer 
activities by promoting cancer cell apoptosis and cell cycle arrest, increasing lipid peroxidation and cytotoxicity, and inhibiting cell 
invasion, angiogenesis, and metastasis [20,23–26]. 

Previous studies using natural extracts in the reported cancer models suggested that EEOS might be used as part of comprehensive 
cancer treatment by promoting oxidative stress [10,12,13]. To date, there have been no reports on the impact of EEOS on oxidative 
stress in HNSCC cells. Therefore, the objective of this study was to investigate the impact of EEOS on oxidative stress in HNSCC cells by 
assessing ROS levels and examining its subsequent effects on lipid peroxidation, DNA damage, cell cycle, apoptosis, and levels of 
caspase-9 and 3 in the treated cell lines. 

2. Materials and methods 

2.1. Chemical reagents 

Acetonitrile and water (HPLC grade) were purchased from Fisher Scientific (Pittsburgh, PA, USA). Ethanol and methanol 
(analytical grade) were purchased from Merck (Darmstadt, Germany). Caffeic acid, rosmarinic acid, and apigenin were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). 

2.2. EEOS preparation 

The O. sanctum leaves were collected as previously described [25]. The O. sanctum leaves were prepared and extracted in ethanol as 
previously described [25]. The EEOS powder was kept at 4 ◦C until used. 

2.3. Cell culture and treatments 

Professor Silvio Gutkind, from the Moores Cancer Center in the Department of Pharmacology at UCSD, provided the isogenic 
HNSCC cell lines representing primary and metastatic sites from the same patient, which were initially established by Ensley J [27]. 
The HN18 cells were obtained from primary tongue lesions and the HN17 cells were taken from neck dissections (T2N2M0 stage). The 
HN30 cells were obtained from primary pharynx lesions and the HN31 cells were taken from lymph node metastases (T3N1M0 stage). 
The cells were cultured in Dulbecco’s Modified Eagle’s medium (DMEM) (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal 
bovine serum (FBS), 100 U/ml penicillin, and 100 μg/ml streptomycin in a 5% CO2 atmosphere at 37 ◦C. The EEOS was dissolved in 
dimethyl sulfoxide (DMSO), and then diluted in DMEM containing 10% FBS to 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, and 0.8 mg/ml EEOS. The 
final concentration of DMSO in the media was 0.4%. 
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2.4. Cytotoxicity assessment 

The cell viability was measured by a 3–4,5-Dimethylthiazol-2-yl-2,5-Diphenyltetrazolium Bromide (MTT) assay after a 72 h 
exposure as previously described [25]. Briefly, the cells were seeded in 96-well plates at 5000 cells/well and cultured for 24 h. Cells 
were treated with 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, or 0.8 mg/ml EEOS for 72 h. Cells cultured in 10% FBS-DMEM or 0.4% DMSO were 
used as controls. After treatment, 50 μl MTT (Sigma) (2 mg/ml) was added to each well and incubated for 4 h. To determine the cell 
viability, the formazan crystals that indicated the presence of viable cells were dissolved in DMSO and measured at 570 nm using a 
microplate reader (Tecan, Salzburg, Austria). The percentage of viable cells in the treatment groups was calculated in comparison to 
the control group. This was done using the following formula: cell viability (%) = (mean Abs570 treated cells - mean Abs570 
blank)/(mean Abs570 control cells - mean Abs570 blank) × 100. Each concentration of EEOS was tested three times in three inde
pendent experiments. The minimum EEOS concentration that significantly reduced the % cell viability was defined as the cytotoxic 
concentration of EEOS. The cytotoxic concentration on each individual cell line was used in the subsequent experiments. 

The IC50 (the half maximal inhibitory concentration) values were calculated with nonlinear regression, log (inhibitor) vs. response 
(four parameters) for each HNSCC cell line. 

2.5. Intracellular ROS levels determination 

The cells were seeded in 96-well black plates (Merck) at 20,000 cells/well and incubated for 24 h. The minimum cytotoxic con
centration of EEOS on the HN18, HN17, HN30, and HN31 cells was 0.1, 0.3, 0.2, and 0.2 mg/ml, respectively. These concentrations 
were used to treat the cells for 24 h. The cells’ intracellular ROS level were determined using 2′,7′- dichlorofluorescin diacetate 
(DCFDA) in a ROS detection assay kit (Abcam, Waltham, MA, USA) per the manufacturer’s instructions. The intracellular ROS con
verted DCFDA to 2′,7′- dichlorofluorescin and the fluorescent signal was detected using an excitation/emission spectra of 495/529 nm 
in a fluorescence microplate reader (Thermo Fisher Scientific, Waltham, MA USA). Each EEOS treatment was performed in three 
independent experiments. 

2.6. Malondialdehyde adduct determination 

The cells were seeded in 6-well plates at 500,000 cells/well and incubated for 24 h. The HN18, HN17, HN30, and HN31 cells were 
then treated with 0.1, 0.3, 0.2, and 0.2 mg/ml EEOS, respectively, for 24 h. The cells were lysed by the malondialdehyde lysis solution 
in a lipid peroxidation malondialdehyde assay kit (Abcam). The cell lysate was centrifuged at 13,000×g for 10 min, and the super
natant was collected. The malondialdehyde adduct produced by the lipid peroxidation reaction was determined in the supernatant 
following the manufacturer’s instructions. The malondialdehyde was measured using an excitation/emission spectra (532/553) nm in 
a fluorescence microplate reader (Thermo Fisher Scientific). The malondialdehyde adduct in the EEOS-treated cell or control was 
quantified using a malondialdehyde standard curve. Three independent EEOS treatments were performed. 

2.7. Cell cycle and DNA damage analysis 

The cells were sub-cultured into 6-well plates at 500,000 cells/well for 24 h. The cells were then synchronized at the G1 phase of the 
cell cycle by culturing them in serum-free DMEM for 24 h. After G1 phase synchronization, the HN18, HN17, HN30, and HN31 cells 
were treated with 0.1, 0.3, 0.2, and 0.2 mg/ml EEOS, respectively, for 24 h. Cells in 10% FBS-DMEM or 10 μg/ml cisplatin (Sigma) 
were used as controls. The cells were prepared and the cell cycle was analyzed as previously described [28]. Briefly, the EEOS-treated 
cells or control were trypsinized, centrifuged at 200×g for 5 min, and the cell pellets were collected. To eliminate RNA, the cell pellets 
were incubated with 10 μg/μl DNase-free RNaseA (USB Corporation, Cleveland, OH, USA) at 37 ◦C for 30 min. The DNA was stained 
with 1 mg/ml propidium iodide (Sigma) for 15 min at 4 ◦C with light protection. The percentage of cells in individual stage of the cell 
cycle was analyzed in a flow cytometer and CytExpert software (Cytoflex®, Beckman Coulter, Indianapolis, IN, USA). The percentage 
of cells in the G0/G1 phase of the cell cycle was measured and compared between conditions with and without EEOS treatment. DNA 
damage was determined by the percentage of cells in the sub-G1 phase of the cell cycle and compared between conditions with and 
without EEOS treatment. 

2.8. Apoptosis detection 

The cells were seeded in 6-well plates at 500,000 cells/well for 24 h. After adhesion, the HN18, HN17, HN30, and HN31 cells were 
treated with 0.1, 0.3, 0.2, and 0.2 mg/ml EEOS, respectively, for 24 h. Cells in 10% FBS-DMEM or 10 μg/ml cisplatin were used as 
controls. The cells were prepared and stained with annexin-V- fluorescein isothiocyanate (FITC) and 7-amino-actinomycin D (7-AAD) 
using an apoptosis assay kit (BioLegend, San Diego, CA, USA) according to the manufacturer’s instructions. The number of viable, and 
early/late apoptotic cells was counted in a flow cytometer using CytExpert software (Cytoflex®, Beckman Coulter). The percentage of 
apoptotic cells was measured and compared between conditions with and without EEOS treatment. 

2.9. Caspase-9 and -3 determination 

The cells were maintained in 6-well plates at 500,000 cells/well for 24 h. The HN18, HN17, HN30, and HN31 cells were then 
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treated with 0.1, 0.3, 0.2, and 0.2 mg/ml EEOS, respectively, for 24 h. Cells in 10% FBS-DMEM served as a control. The cells were lysed 
and caspase-9 and -3 were detected using caspase-9 and caspase-3 Human ELISA kits (Abcam), respectively, as per the manufacturer’s 
instructions. Briefly, the cell lysate and the antibody cocktail for caspase-9 or caspase-3 active forms were added to each well in a 
microplate strip. The microplate strip was incubated at room temperature for 1 h. The unbound antibody was washed off, and the 
antigen-antibody signal was developed by the TMB development solution. The activated caspase-9 or caspase-3 level was measured at 
450 nm in a microplate reader (Tecan). The fold change in caspase-9 and -3 was normalized to the control. 

2.10. HPLC-ESI-TOF-MS analysis of EEOS 

To analyze the chemical compounds, present in EEOS, high-performance liquid chromatography coupled with electrospray 
ionization-time of flight-mass spectrometry (HPLC-ESI-TOF-MS) was used. EEOS was first diluted in methanol to a concentration of 1 
mg/ml and then filtered through a 0.45 μm membrane filter. The resulting solution was then injected into an UltiMate® 3000 HPLC 
system (Thermo Fisher Scientific). Caffeic acid, rosmarinic acid, and apigenin were used as standard polyphenolic compounds for this 
analysis. Caffeic acid (0.5, 0.75, 1, 2.5, 5, 7.5, and 10 μg/ml), rosmarinic acid (2.5, 5, 7.5, 10, 12.5, 15, 17.5, and 20 μg/ml), and 
apigenin (0.1, 0.25, 0.5, 0.75, 1, 1.25, and 1.5 μg/ml) were prepared in methanol. HPLC was performed using a reverse phase column 
(Symmetry C18 analysis column, 2.1 mm × 150 mm, and 3 μm particle size) (Thermo Fisher Scientific) at 40 ◦C. The gradient mobile 
phase system consisted of HPLC water (Component A) and acetonitrile (Component B). Elution was performed at a 0.3 ml/min flow 
rate. The program of gradient elution was: 5–15% B (0–10 min), 15–95% B (10–30 min), and 5% B (30–35 min). An injection volume of 
2 ml was used, and the components separated by the HPLC were analyzed mass to charge ratio (m/z) in an ESI-TOF-MS system 
(micrOTOF-Q-II, Bruker Daltonics, Bremen, Germany). The ESI system operated in negative-ion mode, generating m/z values in the 
range 50–1000. The mass spectrometric conditions were optimized with a gas temperature of 200 ◦C, drying gas flow rate of 8 l/min, 
nebulizer gas pressure of 2 bar, and a capillary potential of 3000 V. The phenolic components in EEOS were quantitatively determined 

Fig. 1. Cytotoxicity test of EEOS on HNSCC cell lines. The EEOS or 0.4% dimethyl sulfoxide (DMSO) were used to treat the (A) HN18, (B) HN17, (C) 
HN30 and (D) HN31 cells for 72 h. Cell viability was measured by an MTT assay. Bars represent the mean ± standard error of percentage of cell 
viability. *p < 0.05 vs control. 
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using a standard calibration curve. The data were analyzed using Bruker Compass Data Analysis 4.0 software (Bruker Daltonik). 

2.11. Statistical analysis 

The cell viability percentage was calculated. The mean IC50 and 95% confidence interval values were determined by non-linear 
regression. The normal distribution of the data was tested by the Shapiro-Wilk test [29]. The results are presented as means and 
standard error. Because the data had a normal distribution, multiple group comparisons were performed using one-way ANOVA 
followed by Dunnett’s post hoc test. The mean differences between the two groups were analyzed by the unpaired t-test. Statistical 
analyses were performed using Prism GraphPad 7.04 software (GraphPad Software, La Jolla, CA, USA). Statistically significant was 
considered when p ≤ 0.05. 

3. Results 

3.1. Cytotoxicity of EEOS on HNSCC cells 

The EEOS was dissolved in 0.4% DMSO and diluted to 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, and 0.8 mg/ml and then tested for its toxicity 
on the HNSCC cell lines. The data demonstrated no significant differences in cell viability between the 0.4% DMSO and medium 
control groups (p > 0.05) (Fig. 1). The HN18 cell viability was significantly decreased in the 0.1–0.8 mg/ml EEOS groups compared 
with the control group (p < 0.05) (Fig. 1A). At 0.3–0.8 mg/ml EEOS, the HN17 cells demonstrated significantly reduced viability 
compared with control (p < 0.05) (Fig. 1B). Moreover, 0.2–0.8 mg/ml EEOS significantly reduced HN30 and HN31 cell viability 
compared with control (p < 0.05) (Fig. 1C and D). The IC50 value of the EEOS 72 h-treatment was calculated to be 226 μg/ml (95%CI: 
222–231 μg/ml) for the HN18 cells, 262 μg/ml (95%CI: 259–265 μg/ml) for the HN17 cells, 246 μg/ml (95%CI: 238–254 μg/ml) for 
the HN30 cells, and 238 μg/ml (95%CI: 232–243 μg/ml) for the HN31 cells. The minimum significant cytotoxic concentration for the 
individual cell line was applied in subsequent experiments. The minimum cytotoxic concentration of EEOS for the HN18, HN17, HN30, 
and HN31 cells was 0.1, 0.3, 0.2, and 0.2 mg/ml, respectively. 

Fig. 2. Determination of the intracellular ROS and lipid peroxidation in EEOS-treated HNSCC cells. The HN18, HN17, HN30, and HN31 cells were 
treated with 0.1, 0.3, 0.2, and 0.2 mg/ml EEOS, respectively. A) The mean fluorescent intensity representing ROS in the EEOS-treated cells was 
determined using a DCFDA-based ROS detection assay. B) Lipid peroxidation in the EEOS-treated cells was investigated by quantifying the 
malondialdehyde adduct. Bars represent the mean ± standard error of fluorescence intensity or malondialdehyde concentration. *p < 0.05 
vs. control. 
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Fig. 3. EEOS induced cell cycle arrest and DNA damage in HNSCC cells. EEOS at a minimum cytotoxic concentration of 0.1, 0.3, 0.2 and 0.2 mg/ml 
was used to treat the HN18, HN17, HN30, and HN31 cells, respectively. Cisplatin (10 μg/ml) was used as the positive control. The histogram and 
stacked bar graphs display the cell cycle status in the EEOS-treated (A) HN18, (B) HN17, (C) HN30 and (D) HN31 cells. E) The DNA damage in the 
EEOS-treated cells was determined at the sub-G1 phase of the cell cycle. Bars represent the mean ± standard error of DNA damage fold change 
normalized to the control. *p < 0.05 vs control. 

Fig. 4. Detection of apoptosis in EEOS-treated HNSCC cells. EEOS at a minimum cytotoxic concentration of 0.1, 0.3, 0.2, and 0.2 mg/ml was used to 
treat the HN18, HN17 and, HN30, and HN31 cells, respectively. Cisplatin (10 μg/ml) was used as the positive control. A) Scatter-plot diagram of 
flow cytometric analysis displays the apoptotic status of the HNSCC cells treated with EEOS or cisplatin. B) Total apoptotic cells were quantified in 
the EEOS or cisplatin treatment. Bars represent the mean ± standard error of the percentage of apoptotic cells. *p < 0.05 vs control. 
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3.2. Effect of EEOS on oxidative stress in HNSCC cells 

Excessive generation of ROS can trigger oxidative stress and lead to lipid peroxidation. The intracellular ROS level and lipid 
peroxidation-produced malondialdehyde served as representative oxidative stress markers in the EEOS-treated cells. The HN18 and 
HN17 cells were cultured with 0.1 and 0.3 mg/ml EEOS, respectively. The results revealed that the ROS mean fluorescent intensity 
(MFI) significantly increased in the EEOS-treated HN18 and HN17 groups compared with control (p < 0.05) (Fig. 2A). In contrast, the 
ROS MFI in the 0.2 mg/ml EEOS-treated HN30 and HN31 groups showed no significant change compared with control (p > 0.05). A 
significantly increased malondialdehyde concentration was observed in the EEOS-treated HN18 and HN31 groups compared with 
control (p < 0.05) (Fig. 2B). In contrast, EEOS did not induce lipid peroxidation in the HN17 and HN30 groups. 

3.3. Effect of EEOS on cell cycle and DNA damage in HNSCC cells 

EEOS at the minimum cytotoxic concentrations 0.1, 0.3, 0.2, and 0.2 mg/ml were used to treat the HN18, HN17, HN30, and HN31 
cells respectively. The cell cycle and sub-G1 DNA content were analyzed in the HNSCC cell lines. Cisplatin (10 μg/ml) was used as a 
positive control. EEOS significantly arrested the cell cycle at the G0/G1 phase in the HN30 and HN31 cells compared with control (p <
0.05) (Fig. 3C and D). However, the results showed no significant difference in the cell cycle status in the EEOS-treated HN18 and 
HN17 cells and control (p > 0.05) (Fig. 3A and B). Moreover, EEOS induced DNA damage as demonstrated by a significantly increased 
fold change in the sub-G1 DNA content in the HN18, HN30, and HN31 cells, but not the HN17 cells, compared with control (Fig. 3E). 

3.4. Effect of EEOS on apoptosis in HNSCC cells 

EEOS mostly induced early apoptosis in each HNSCC cell line (Fig. 4A). The percentage of apoptotic cells significantly increased in 
the EEOS-treated HN18, HN30, and HN31 cells compared with control (p < 0.05) (Fig. 4B). In addition, some of the apoptotic cell 
population in the EEOS or cisplatin-treated HN30 cells was defined as late apoptosis. In contrast, EEOS did not significantly induce 
apoptosis in the HN17 cells compared with control (p > 0.05). 

3.5. Alteration in caspase activation in EEOS-treated HNSCC cells 

Caspase-9 and-3 are the key proteolytic enzymes in response to the activation of apoptosis. We found that EEOS significantly 
increased the activation fold change in caspase-9, but decreased that of caspase-3 in HN18 cells compared with control (p < 0.05) 
(Fig. 5A and B). Caspase-3 was significantly activated to a higher fold change in the EEOS-treated HN17 cells than that of the untreated 
cells (p < 0.05) (Fig. 5B). However, caspase-9 and -3 was not activated when the HN30 and HN31 cells were exposed to EEOS. 

Fig. 5. Determination of activated caspase-9 and -3 levels in the EEOS-induced HNSCC cells. EEOS at a minimum cytotoxic concentration of 0.1, 
0.3, 0.2, and 0.2 mg/ml was used to treat the HN18, HN17, HN30, and HN31 cells, respectively. The EEOS-induced cells were evaluated for (A) 
caspase-9, and (B) − 3 levels. Bars represent the mean ± standard error of caspases fold change normalized to the control. *p < 0.05 vs control. 
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3.6. Chemical compounds analysis in EEOS 

HPLC-ESI-TOF-MS was used to analyze the profiles of the polyphenolic compounds in EEOS. Commercially available polyphenolic 
compounds were used as standards in this study. The baseline of the HPLC system was calibrated using the sample solvent (Fig. 6A). 
Three compounds were detected in different quantities. The EEOS chromatograms exhibited peaks 1, 2, and 3 with retention times 
similar to those of caffeic acid (5.3 min), rosmarinic acid (6.4 min), and apigenin (15.9 min), respectively (Fig. 6B and C). The EEOS 
chemical profile was analyzed by the optimized parameters in HPLC-ESI-TOF-MS. The 3 detected compounds in EEOS were putatively 
identified by comparing their calculated masses and formula to the database (Table 1). The results revealed that compound 1, 2, and 3 
was caffeic acid, rosmarinic acid, and apigenin, respectively. The amount of these phenolic compounds in EEOS was estimated using a 
calibration curve constructed using standard compounds. The quantitative determination indicated that the concentration (mean ±
SD) of caffeic acid, rosmarinic acid, and apigenin in the EEOS was 1.89 ± 0.15 μg/ml, 9.24 ± 0.38 μg/ml, and 0.14 ± 0.02 μg/ml, 
respectively. 

4. Discussion 

Numerous studies indicate that specific natural bioactive substances have the potential to regulate redox balance and exhibit 
potential as anticancer agents. Polyphenol bioactive substances are secondary metabolites that are commonly found in plants. Among 
these, phenolic acids and flavonoids are the most common and abundant polyphenols. Interestingly, these compounds derived from 
plants found worldwide contain both antioxidant and prooxidant properties that affect cell proliferation and apoptosis [30–32]. 
Previous studies demonstrated that various secondary metabolites, including phenolic acid and flavonoids, were present in O. sanctum 
leaf extracts [14,33–35]. 

In the present study, we evaluated the anticancer effect of EEOS on 4 HNSCC cell lines. The MTT assay indicated that the extract 

Fig. 6. HPLC-ESI-TOF-MS analysis of EEOS. Chromatogram of (A) solvent blank, (B) EEOS sample, and (C) standard compounds [caffeic acid (Std 1, 
5.3 min), rosmarinic acid (Std 2, 6.4 min) and apigenin (Std 3, 15.9 min)] by negative mode HPLC-ESI-TOF-MS. 

Table 1 
Retention time, calculated and detected masses, calculated formula, concentration and putative identification of the three compounds in EEOS 
analyzed by HPLC-ESI-TOF-MS.  

Compounds Retention time 
(min) 

Calculated [M −
H]- (m/z) 

Detected [M −
H]-(m/z) 

Calculated formula 
[M − H]- 

Concentration (μg/ml) mean ±
standard deviation 

Putative 
identification 

1 5.3 179.0349 179.0353 C9H7O4 1.89 ± 0.15 Caffeic acid 
2 6.4 359.0772 359.0763 C18H15O8 9.24 ± 0.38 Rosmarinic acid 
3 15.9 269.0455 269.0461 C16H9O5 0.14 ± 0.02 Apigenin  
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was cytotoxic to primary (HN18, HN30) and metastatic (HN17 and HN31) cell lines in a dose-dependent manner. Our findings imply 
that EEOS might have active compounds that are deleterious to HNSCC cells [33]. However, there was no significant difference in 
EEOS cytotoxicity between primary and metastatic cell lines based on IC50 values. Previous studies revealed that O. sanctum extracts 
were cytotoxic to various tumors, including head and neck cancer cells [25,36], gastric cancer [20], lung adenocarcinoma cell [24], 
non-small cell lung carcinoma cells [37], and pancreatic cancer cells [23]. These studies are in agreement with our findings. 

Studies have indicated that the anticancer effects of various treatments are closely linked with an increase in ROS concentration in 
cancer cells. This indicates that ROS elevation is a crucial mechanism of action and effectiveness of conventional cancer therapies, 
which is directly associated with cancer cell death. The mechanism underlying how elevated ROS levels affect cancer cells involves 
either increasing ROS production through external agents or suppressing the cellular antioxidant system [38]. The present data 
demonstrated up-regulation of ROS activity in response to EEOS in HN18 and HN17 cells. A previous study demonstrated the potential 
involvement of both ROS and RNS in the pathogenesis of HNSCC. They found that ROS and RNS enhanced lipid peroxidation and nitric 
oxide products and interfered with the cells’ antioxidant defense system [7]. The increased ROS level during EEOS treatment might be 
due to its antioxidant effect [19]. Therefore, the mechanistic basis for explaining the effect of EEOS on cancer cells might involve 
increased ROS stress in the cancer cells [3,9]. However, EEOS had no effect on intracellular ROS levels in the HN30 and HN 31 cell 
lines. These findings suggest that the mechanism by which O. sanctum extracts have anticancer effects is complicated and not fully 
understand. However, our results are only partially consistent with previous studies that have shown an increase in ROS levels in lung 
cancer cells treated with EEOS [24,37]. 

Regardless of the type of ROS, the initial step in ROS-induced cellular injury involves the peroxidation of cellular membrane 
components, particularly membrane lipids, through a process referred to as lipid peroxidation. The products of lipid peroxidation, 
malondialdehyde and 4-hydroxynonenal, are suggested to be used as indicators of ROS-dependent cell and tissue damage [39]. 
Because ROS were induced by EEOS in HNSCC cells, we investigated the effect of this extract on membrane lipid peroxidation. In 
addition to the cytotoxicity and ROS findings, increased malondialdehyde production was observed in the EEOS-treated HN18 and 
HN31 cells compared with untreated cells. In contrast, EEOS did not induce lipid peroxidation in the HN17 and HN30 cells. It is 
possible that EEOS-induced excess ROS leads to cell death through various mechanisms that may not be associated with lipid per
oxidation [40,41]. However, clinical studies on HNSCC have reported and highlighted increased salivary malondialdehyde levels in 
oral cancer patients [7,42]. This evidence may support the effect of EEOS-induced ROS on the lipid peroxidation found in our HNSCC 
cell lines. 

We also studied how EEOS affected the cell cycle and induced DNA damage in HNSCC cells. EEOS was tested for its ability to arrest 
the cell cycle. We found that EEOS significantly arrested the cell cycle at the G0/G1 phase in the HN30 and HN31 cells; however, there 
was no effect on the cell cycle status in the HN18 and HN17 cells. Further analysis revealed that EEOS induced DNA damage in the 
HN18, HN30, and HN31 cells, but not the HN17 cells, compared with control. O. sanctum leaf extracts increased the sub-G1 population 
in myeloid leukemia cells [43] and lung cancer cells [44]. ROS accumulation can cause DNA damage that results in changes in the 
expression of the damage response downstream proteins, such as p53 and p21. The aforementioned genes have a crucial function in 
regulating the cellular response to different types of stress, primarily by activating or inhibiting numerous genes that control cell cycle 
arrest and programmed cell death [45]. Further investigation is needed to determine if EEOS-mediated cell cycle arrest is regulated by 
cell cycle regulators such as p53 and p21. 

An apoptosis assay was conducted to determine the mechanism by which EEOS induces cytotoxicity in HNSCC cells, as it is known 
to be an effective approach for managing the growth of tumors. Apoptosis is a crucial mechanism for eliminating mutated or prolif
erating neoplastic cells from a tissue [46]. EEOS induced early apoptosis in the HN18, HN30, and HN31 cells, but not the HN17 cells. 
Previous studies demonstrated that O. sanctum leaf extracts enhanced apoptosis in myeloid leukemia cells [43], pancreatic cancer cells 
[23], and lung cancer cells [24,37]. Our findings expand the understanding of the apoptotic effect of O. sanctum leaf extracts on various 
types of HNSCC cell lines. 

Elevated levels of ROS can interfere with the mitochondrial membrane potential, leading to the activation of the apoptosis signaling 
pathway through selective activation of certain caspase enzymes [38]. Therefore, caspase-9 and caspase-3 levels were analyzed in the 
EEOS-treated HNSCC cells in this study. However, the effect of EEOS on caspase activation in HNSCCs was not conclusive. Caspase-9 
activation was observed in the EEOS-treated HN18 cells. In contrast, the caspase-3 level was decreased in this cell line. Only caspase-3 
was activated in the EEOS-treated HN17 cells. Surprisingly, EEOS did not activate caspase-9 or -3 in the HN30 and HN31 cells. Our 
results partially support previous research which showed that treatment with ethanol extracts of O. sanctum leaves induced apoptosis 
via the activation of caspase-9 and -3 in lung cancer cells [24,44]. 

The initiation of ROS-mediated apoptosis can occur through two pathways, intrinsic or extrinsic. Intrinsic apoptosis is charac
terized by the impact of ROS on mitochondrial activity. When ROS levels rise, mitochondrial membrane potential is disrupted, which 
causes the release of cytochrome C. This release promotes the binding of nucleotides to apoptotic protein activating factor 1, which 
then activates caspase-9. Ultimately, this leads to the activation of caspase-3. In the extrinsic apoptosis pathway, elevated ROS levels 
activate death receptors and trigger caspase-8 to cleave caspase-3, resulting in apoptosis [30,47]. Interestingly, our results showed that 
caspase-3 was not activated in HN18 cells treated with EEOS, which was consistent with the apoptosis assay results. Therefore, it can 
be concluded that EEOS induces early apoptosis in HN18 cells through the intrinsic pathway via ROS activation, as previously reported 
in other studies [24,43,46]. 

The results of our study showed that EEOS caused apoptosis in HN30 and HN31 cells without any activation of ROS, caspase-9, or 
-3. This indicates that the mechanism of apoptosis induction by EEOS in these cells may be caspase-independent. Previous studies also 
support the possibility of caspase-independent apoptosis induced by natural compounds such as EEOS [48–51]. We observed that the 
apoptotic responses in the HN30 and HN31 cells were not associated with ROS, different from the conventional apoptotic mechanisms. 
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EEOS-induced apoptosis in the HN30 and HN31 cells may be due to ROS-independent apoptosis [52]. 
While caspase-3 activation is often linked to apoptosis in mammalian cells, there is growing evidence to suggest that this may not 

always be the case. In fact, recent research has shown that caspase-3 activation may play a role in other signaling pathways that can 
actually promote cell survival and proliferation [53,54]. Our results indicated that although EEOS activated caspase-3 in the HN17 
cells, it did not cause apoptosis. This suggests that caspase activation induced by EEOS may not be involved in the process of apoptotic 
cell death [55]. 

The four HNSCC cell lines used in this experiment have different cellular characteristics, including tissue type [27], and cell cycle, 
and apoptotic responses to microenvironmental stress [56]. Our data demonstrated that EEOS modulated oxidative stress and 
apoptosis in different patterns between HNSCC cell lines. These results showed that EEOS caused a universal increase in intracellular 
ROS levels, lipid oxidation, DNA damage, cell cycle arrest, and apoptosis in all HNSCC cells. Interestingly, our study provides new 
insight into the apoptotic mechanism by EEOS in HNSCC cells. It should be noted that the crude extract used in this study is not 
composed of a single chemical compound. It is a mixture of secondary metabolites of O. sanctum. Polyphenolic compounds, such as 
caffeic acid, rosmarinic acid, and apigenin, have been identified in O. sanctum extracts antioxidative profiles [35] and anticancer 
activities [25]. In addition, these compounds were detectable in our EEOS. This implies that in future studies, caffeic acid, rosmarinic 
acid, and apigenin can be considered as reference compounds for the preparation of EEOS. The previous studies demonstrated that 
caffeic acid or apigenin induced intracellular ROS and caused DNA damage, cell cycle arrest, and apoptosis in some cancer cells, such 
as fibrosarcoma [57], colorectal cancer [58], and mesothelioma cells [59]. In contrast, rosmarinic acid was proposed as an anticancer 
compound by reducing the invasion, migration, and metastasis of lung cancer cell [60]. It remains unknown whether the anticancer 
effects of EEOS on HNSCC cell lines that were found in this study and a previous study [25] are due to a specific component or the 
additive effect of more than 1 component. Moreover, the safe dose of EEOS was not explored in this study. The complex mechanism by 
which EEOS induces cell cycle arrest and apoptosis in HNSCC cells is proposed in Fig. 7. An understanding of the mechanism of 
oxidative stress modulation is critical to understand how best to clinically develop plant-based anticancer reagents [61]. Further 
investigation of the mechanisms by which O. sanctum leaf extracts induce redox balance, cell cycle arrest, and apoptosis may provide 
valuable information for its use in head and neck cancer therapy. In addition, the cytotoxic effect of EEOS on normal cells needs to be 
investigated prior to conducting in vivo studies. 

Fig. 7. The proposed mechanisms for Ocimum sanctum leaf extract-induced cell cycle arrest and cell death in HNSCC cells. The ethanolic extract of 
O. sanctum leaf (EEOS) increased the accumulation of intracellular Reactive Oxygen Species (ROS), which resulted in lipid peroxidation [malon
dialdehyde (MDA) production]. Consequently, oxidative DNA damage occurred and then the cell cycle was arrested at the G1 phase and/or cell 
death. EEOS induced ROS-mediated apoptosis via caspase-dependent and independent pathways. ROS-independent apoptosis was also identified in 
this study. EEOS might induce DNA damage and the extracellular signal-regulated kinase (ERK) activation. The activation released Apoptosis- 
Inducing Factor (AIF) that leads to apoptosis. In the figure, black text indicates the results from our study and the red text indicates what is 
already known or can be implied from a previous study [51]. (For interpretation of the references to color in this figure legend, the reader is referred 
to the Web version of this article.) 
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5. Conclusions 

Taken together, our results demonstrated that EEOS exhibited different effects depending on the HNSCC cell type. The cytotoxic 
effects of EEOS on primary and metastatic HNSCC cells varied depending on the specific cell type, despite inducing increased ROS 
levels, lipid oxidation, DNA damage, cell cycle arrest, and apoptotic death. However, our findings provide an overview of the 
prooxidant and anticancer properties of EEOS by focusing on ROS dependent and independent pathways. 
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