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Abstract: Induction of apoptosis is one of the targeted approaches in cancer therapies. As previously
reported, natural products can induce apoptosis in in vitro cancer treatments. However, the underly-
ing mechanisms of cancer cell death are poorly understood. The present study aimed to elucidate cell
death mechanisms of gallic acid (GA) and methyl gallate (MG) from Quercus infectoria toward human
cervical cancer cell lines (HeLa). The antiproliferative activity of GA and MG was characterised by
an inhibitory concentration using 50% cell populations (IC50) by an MTT [3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide] assay. Cervical cancer cells, HeLa, were treated with GA and
MG for 72 h and calculated for IC50 values. The IC50 concentration of both compounds was used
to elucidate the apoptotic mechanism using acridine orange/propidium iodide (AO/PI) staining,
cell cycle analysis, the Annexin-V FITC dual staining assay, apoptotic proteins expressions (p53, Bax
and Bcl-2) and caspase activation analysis. GA and MG inhibited the growth of HeLa cells with an
IC50 value of 10.00 ± 0.67 µg/mL and 11.00 ± 0.58 µg/mL, respectively. AO/PI staining revealed
incremental apoptotic cells. Cell cycle analysis revealed an accumulation of cells at the sub-G1 phase.
The Annexin-V FITC assay showed that cell populations shifted from the viable to apoptotic quadrant.
Moreover, p53 and Bax were upregulated, whereas Bcl-2 was markedly downregulated. Activation
of caspase 8 and 9 showed an ultimate apoptotic event in HeLa cells treated with GA and MG. In
conclusion, GA and MG significantly inhibited HeLa cell growth through apoptosis induction by the
activation of the cell death mechanism via extrinsic and extrinsic pathways.

Keywords: apoptosis; gallic acids; methyl gallate; intrinsic and extrinsic pathways

1. Introduction

Cervical cancer ranks as the fourth most frequently diagnosed cancer incidence for
women globally. In 2018, an estimated 570,000 women were diagnosed with cervical cancer
worldwide, and about 311,000 women died from the disease [1]. Effective primary (Human
papillomavirus (HPV) vaccination) and secondary prevention approaches (screening for
and treating precancerous lesions) will prevent most cervical cancer cases. It begins in
the cervix and will invade other tissues near the cervix and organs such as the lungs or
liver. Signs and symptoms of cervical cancer are irregular menstruation, weight loss, heavy
menstruation, abnormal menstruation, vaginal discomfort and pelvic pain [2]. Human
papillomavirus (HPV) is known as the major risk factor for cervical cancer. Chronic viral
infection with high-risk HPV genotypes is the causative agent, which can be observed in
99.7% of cervical cancer patients worldwide [3].

Over the years, researchers and clinicians have approved and established numerous
treatments in treating various cancer diseases. Different treatments are given to the patients
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based on different stages and diagnoses of cancer [4]. However, the use of a single therapy to
treat these cancers is less effective because cancer is a complex disease that involves many
processes and mechanisms related to the uncontrollable development of the cells [5,6].
There are a few existing treatments for cervical cancer, such as surgery, chemotherapy,
radiation and chemoradiation.

Although these therapies have improved the long-term survival of cancer patients,
they can cause serious and long-lasting side effects, such as the development of secondary
cancers and infertility [7]. Therefore, an increase in resistance to, as well as adverse effects
of, cancer treatments has led researchers to investigate novel cancer chemoprevention from
herbal resources, which could be used for the effective treatment of cancer diseases [8].
Targeted cancer treatment also became one of the approaches for the effective usage of
chemotherapeutic drugs in cancer treatments. Success therapy in cancer treatment is
determined by several modes of cell death, such as apoptosis, autophagy and necrosis.
Those mechanisms involved the removal of cancer cells [9]. Apoptosis is also called
programmed cell death, which is the fastest form of cell death. Apoptosis loss is commonly
seen in most drug-resistant cancers. Hence, the induction of apoptosis in the target cancer
cells is the therapeutic goal of any cancer therapy [10].

Under critical physiological conditions, different endogenous tissue-specific agents
and exogenous cell-damaging agents initiate programmed cell death in a particular cell
type [11]. The mechanism of action of apoptotic cell death is typically characterised
by chromatin condensation, DNA fragmentation, cell shrinkage, membrane blebbing
and loss of adhesion to extracellular matrices. The externalisation of phosphatidylserine,
and the activation of cysteine aspartyl proteases, called caspases, feature biochemical
changes in cell death [12]. Therefore, recent advances in cancer research are focused on the
development of new drugs that halt the escape behaviour of cancer cells via the execution of
apoptosis. Failure to induce apoptosis can eventually lead to the proliferation of cancer cells.
Moreover, the resistance of apoptosis stimulates aberrant cellular multiplication, which
eventually leads to tumourigenesis and is a significant obstacle in cancer treatment [13].
The mechanism of apoptosis involves extrinsic and intrinsic pathways [14]. The extrinsic
pathway refers to the death receptor-mediated pathway, and the intrinsic pathway is
mitochondrial-mediated [14]. Interestingly, most cytotoxic drugs and various extra- and
intra-cellular stresses trigger the intrinsic pathway.

In the continuous search for safer and more effective cancer treatments, plant-derived
natural compounds are of major interest [15,16]. In this regard, plant phenolic secondary
metabolites are among the candidates, which have drawn much attention in anticancer
drug development and many evidence potential as anti-cancer compounds [17]. Pheno-
lics display a great prospective as cytotoxic anti-cancer agents by promoting apoptosis,
reducing proliferation, and targeting various aspects of cancer (angiogenesis, growth and
differentiation, and metastasis) [18,19].

Gallic acid and its methyl ester, methyl gallate, are two common phenolic acid com-
pounds found in various plants and herbs. Both are well known to have strong antioxidant
properties, as their antioxidant activity has been reported in numerous studies [19]. To date,
there are several biological activities of gallic acid and methyl gallate described, including
antimicrobial activity, antifungal [19], anti-inflammatory, cardioprotective, gastroprotective
and neuroprotective effects [20], and antitumour properties. Both have demonstrated
potent antiproliferative activity toward different cancer cell lines, including HeLa cells.
Gallic acid and Methyl gallate, in combination with cisplatin, were reported to reduce the
proliferation of cervical cancer cells, HeLa, at lower doses [21].

Gallic acid (3,4,5-trihydroxybenzoic acid; GA) is a common phenolic acid compound
found in various plants and herbs, such as tea, grapes, gall-nuts and red wine [22–24]. It is
the most commonly known hydrolysable tannin or gallotannin. In addition to its biological
activity, it has the capability to precipitate proteins and form complexes with toxic metal
ions, which can reduce their bioavailability in the environment [24]. In the anticancer
research on gallic acid, more focus has been given to antitumour capacity on different types
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of cancer cell lines, including oral, lung, pancreatic and cervical cancer cells [24,25]. Most
of the studies reported the ability of gallic acid to regulate apoptosis as an indicator of
antitumour effects.

Gallic acid methyl ester, methyl gallate (MG), methyl-3,4,5-trihydroxybenzoic acid, is
another phenolic compound abundantly found in plants [26]. A broad range of bioactivity,
such as anti-spasmodic, anti-atherogenic, anti-inflammatory and anti-microbial activities,
has been reported for this compound [27–29]. Previously, methyl gallate was reported to de-
crease oxidative stress and DNA damage related to hydrogen peroxide in MDCK cells [27].
It reduced lipid peroxidation and prevented the depletion of intracellular glutathione
(GSH) [27]. In the HaCaT normal skin cell line, methyl gallate showed low cytotoxic
effects [30], indicating its safety in general.

The anticancer properties of natural products are generally linked to their antioxidant
capacity and mode of cell death, apoptosis. In this regard, the antioxidant properties
of gallic acid and its derivative, methyl gallate, together with their chemoprevention
properties toward various types of cancers, are strongly supported [31]. Studies on different
types of cancer cell lines with GA and MG mostly focused on anticancer activity, with
limited knowledge provided on the mechanism of apoptosis. The understanding of how
GA and MG induce cell apoptosis is still limited. Taking these findings into consideration,
the present study hypothesised and investigated whether two natural phenolic acids, MG
and GA (isolated from Quercus infetoria galls extract), exert anticancer effects on HeLa
cells by modulating the expression of extrinsic and intrinsic factors involving downstream
apoptotic molecules, including B-cell lymphoma 2 (Bcl-2) and Bcl-2-associated X protein
(Bax) and the extrinsic caspase 8 and 9.

2. Results
2.1. Bioassay Guided Isolation of EAQI

The EAQI extract exerted a potent antiproliferative effect toward HeLa cells with
an IC50 value of 11.50 ± 0.50 µg/mL after 72 h of treatment (Table 1), and no effect was
observed toward normal cells, Vero.

Table 1. The IC50 values of the EAQI of HeLa cells. Vero cell lines used as control cells, * p < 0.05 was
taken as significantly different from positive control (cisplatin).

Compounds
IC50 (µg/mL)

HeLa Vero

EAQI 11.50 ± 0.50 * >100
Cisplatin (CIS) 1.85 ± 0.15 14.33 ± 0.88

The EAQI crude extract was further purified to isolate active compounds by means
of bioassay-guided isolation. Four main fractions from the first round of the column
chromatography (CC) were eluted and named EAQI/FA1, EAQI/FA2, EAQI/FA3 and
EAQI/FA4. An antiproliferative assay for each fraction was conducted using an MTT assay
on Hela and Vero cells. From the results, EAQI/FA3 was the most active fraction with
IC50 values of 16.67 ± 1.76 µg/mL. The fraction EAQI/FA3 was subsequently subjected
to the second CC for further purification, resulting in five more subfractions (Table 2).
Two pure compounds were isolated from subfractions EAQI/FA3/B2 and EAQI/FA3/B5.
Both compounds demonstrated potent antiproliferative activity towards HeLa cells with
an IC50 value of 11.00 ± 0.58 µg/mL and 10.00 ± 1.06 µg/mL, respectively (Table 2).
Interestingly, active fractions and subfractions exerted a cyto-selective effect on HeLa
cancer cells. Both subfractions EAQI/FA3/B2 and EAQI/FA3/B5 were further resumed
for structural elucidation and analysis to identify the compounds.
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Table 2. The IC50 values of fractions and subfractions from column chromatography on HeLa cells.
Vero cell lines used as control cells, * p < 0.05 was taken as significantly different from positive
control (cisplatin).

Fractions/Subfractions
IC50 (µg/mL)

HeLa Vero

1st CC
(Fractions) EAQI/FA1 >100 >100

EAQI/FA2 >100 >100
EAQI/FA3 16.67 ± 1.76 * >100
EAQI/FA4 60.33 ± 1.45 >100
Cisplatin 3.33 ± 0.88 * 13.67 ± 1.20 *

2nd CC
(Subfractions) EAQI/FA3/B1 >100 >100

EAQI/FA3/B2 11.00 ± 0.58 * >100
EAQI/FA3/B3 56.67 ± 1.76 >100
EAQI/FA3/B4 51.33 ± 0.88 >100
EAQI/FA3/B5 10.00 ± 1.06 * >100

Cisplatin 2.33 ± 0.33 * 11.67 ± 0.88 *
* Active =< 50 µg/mL.

2.2. Structure Elucidation
2.2.1. EAQI/FA3/B2 (Methylgallate, MG); Methyl 3,4,5-Trihydroxybenzoate

The subfraction EAQI/FA3/B2 was isolated as a pure white solid compound. The
molecule structure of EAQI/FA3/B2 was analysed by 1D and 2D NMR spectroscopy. The
1H NMR spectrum revealed a doublet signal at δH 6.95 ppm corresponding to two protons,
H2 and H6, which were symmetrical. Hence, both protons exhibited the same signal at δH
6.95 ppm. At the higher field region, there was another signal at δH 3.73 ppm corresponding
to an aliphatic methoxy proton. Based on the signal integration ratio, the presence of these
protons was attributed to the number of protons in the methoxy group.

The 13C NMR spectrum exhibited the presence of eight carbon peaks at δC 169.05,
146.55 (representing two carbons), 139.79, 121.46, 110.06 (two carbons) and 52.29 ppm. The
carbon peaks consisted of one methyl carbon, three quaternary carbons, an oxygenated
aromatic carbon signal at δC 139.79 ppm and one carbonyl carbon at δC 169.05 ppm.
Analysis of HMBC and HMQC spectra demonstrated the correlation between carbonyl
ester and the aromatic proton signal.

Infrared analysis showed that the adsorption wavelength at 1691.41 cm−1 indicated
the presence of carbonyl group stretching (C=O). Meanwhile, 2960.66 cm−1 demonstrated
the C-H stretching (alkane) of the methyl group. In addition, the adsorption wavelength at
3515.62 cm−1 and a broad peak at 3373.44 cm−1 corresponded to the presence of a hydroxyl
group in the compound (O-H). Then, the strong absorption wavelength at 1618.52 cm−1

revealed the presence of C=C stretching in the benzene ring.
The mass spectrum for this compound (EAQI/FA3/B2) exhibited a molecular ion peak

of m/z 184, which corresponded to the molecular weight formula of C8H8O5. Fragment
ions were observed at m/z 125 due to the loss of -CO from the ion m/z 153. Meanwhile,
m/z 153 was exhibited due to the loss of –OCH3 from m/z 184 [M+]. This spectrum
demonstrated the presence of the ester group (COOCH3). In addition, fragment ions were
observed at m/z 107, m/z 79 and m/z 51 due to the loss of H2O and –CO from the benzene
ring. This result confirmed the presence of three hydroxyls on the benzene ring. The
occurrence of these results identified the EAQI/FA3/B2 compound as methyl gallate (MG).
The International Union of Pure and Applied Chemistry (IUPAC) name is methyl 3, 4,
5-trihydroxybenzoate with chemical formula C8H8O5.

2.2.2. EAQI/FA3/B5 (Gallic Acid, GA); 3,4,5-Trihydroxybenzoic Acid

EAQI/FA3/B5 (78.7 mg) was isolated as a white crystal. It showed brown spots with
iodine vapour staining and FeCl3 spraying reagent. The dark spot was observed under
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UV-254 nm. The molecule structure of gallic acid was analysed with 1D and 2D NMR spec-
troscopy. The spectrum of 1H NMR revealed a single signal at δH 7.078 ppm, corresponding
to two protons (H1 and H5). Meanwhile, the 13C NMR spectrum indicated the presence of
seven carbon peaks at δC 169.21, 146.40 (2 carbons), 139.84, 121.47 and 110.17 (two carbons)
ppm. The carbon peaks consisted of two methine carbons, four quaternary carbons and a
carbonyl carbon. A correlation between H1 and H5 with carbon in the aromatic ring (C4,
C6, C5, C2, C3 and C7) was identified in the HMBC and HMQC spectra.

The infrared spectrum demonstrated a broad peak at 3285.83 cm−1, corresponding to the
presence of a carboxylic group in the compound. The frequencies of 3370.12–3064.88 cm−1

indicated the presence of a phenolic group, specifically an aromatic group, attached to
the hydroxyl group. The strong absorption wavelengths at 1620.84 cm−1, 1620.84 cm−1

and 1541.40 cm−1 demonstrated the presence of a benzene ring system (C=C). The strong
absorption at 1702 cm−1 was related to carbonyl group stretching (C=O). In addition, the
absorption bands at 1248.56 cm−1, 1026.93 cm−1 and 1026 cm−1 indicated the presence of
three O-aryl groups that were attached to the benzene ring. Two of the O-aryl groups were
identical, known as meta carbonyl groups.

The mass spectrum showed a molecular ion peak of m/z 170, which corresponded
to the molecular ion formula (C7H6O5). The presence of the main ions at m/z values 153,
135, 125, and 107 was due to the loss of acid and hydroxyl functional groups. Meanwhile,
the fragmentation ions at m/z values 96, 79, 68, 51, and 39 represented the characteristics
of aromatic ring breakdown. The occurrence of these results confirmed the presence of
the gallic acid compound. The IUPAC name is 3,4,5-trihydroxybenzoic acid with chemical
formula C7H6O5.

2.3. Antiproliferative Activity Gallic Acid and Methyl Gallate

Gallic acid and methyl gallate both demonstrated high antiproliferative activity toward
HeLa cells with an IC50 value of 10.00 ± 1.06 µg/mL and 11.00 ± 0.58 µg/mL, respectively
(Table 3). No antiproliferative activity was observed in the treated Vero cells. These findings
indicated that MG and GA are cyto-selective toward cancer cells without affecting the
growth of normal cells, Vero. Cisplatin served as a positive control drug and exhibited
cytotoxicity effect not only towards HeLa but also Vero cells at lower concentrations.

Table 3. The IC50 concentrations of methyl gallate and gallic acid towards HeLa and Vero cell lines.

Compounds
IC50 (µg/mL)

HeLa Vero

Methylgallate (Methyl 3,4,5-trihydroxybenzoate) 11.00 ± 0.58 >100
Gallic acid (3,4,5-trihydroxybenzoic acid) 10.00 ± 1.06 >100

Cisplatin 1.85 ± 0.15 11.67 ± 0.88

2.4. Mode of Cell Death in the Treated Cells

As shown in Figure 1, the untreated (UT) cells with an intact nucleus were mostly
green in colour, indicating healthy viable cells. In general, cells treated with GA and MG
exhibited the same apoptotic characteristics. Early apoptotic features were seen in GA- and
MG-treated cells, such as cell blebbing, fragmented DNA and chromatin condensation,
after 24 h. Late apoptotic cells, marked with an orange colour, were obviously seen at 24,
48 and 72 h. Necrotic cells (stained red by PI) were mostly observed at 72 h. Most of the
small apoptotic bodies were identified at 48 and 72 h. The untreated (UT) cells with an
intact nucleus were mostly green colour indicating healthy viable cells. All the treated cells
exhibited early apoptosis features with cell blebbing, fragmented DNA and condensed
chromatin after 24 h of treatment. The late apoptosis with orange colour were also detected
at 24, 48 and 72 h of treatment. However, more necrotic cells (stained red by PI) were most
observed at 72 h of treatment with GA, MG and CIS. Small apoptotic bodies were identified
at 48 and 72 h of treatment. In all treatment durations, the relative number of green cells
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decreased then slowly increased with incubation time, suggesting the change from viable
to apoptosis.

Figure 1. Morphological changes of HeLa cells treated with GA and MG for 24, 48 and 72 h. Untreated
cells (UT) were used as a negative control and CIS as a positive control. Arrows indicate viable cell
(V), early apoptotic cell (E), late apoptotic cell (L) and necrosis (N). The cells were viewed under a
fluorescence microscope (100×).

The Apoptosis event in all treated cells significantly increased in a time-dependent
manner (p < 0.05) compared to UT (Figure 2). The percentages of apoptotic cells increased
from 12.3% (24 h) to 15.3% (48 h) and 21.7% (72 h) in HeLa cells treated with GA. No
significant difference in apoptotic cell percentages (p > 0.05) was observed between GA and
MG treatment. On the other hand, necrotic cells were also observed in the treated group,
which might be due to the progression of the apoptotic cells into secondary necrosis.

2.5. Detection of Phosphatidylserine (PS) Externalisation

Quantification of annexin V-FITC binding to externalised PS represents the apoptotic
cells. In this study, annexin V-FITC was plotted versus HeLa cell distribution within four
different quadrants (Figure 3). The lower left quadrant of the fluoro cytogram shows viable
cells (Q3), whereas the lower right quadrant shows early apoptotic cells (Q4). The upper
right quadrant shows late apoptotic cells (Q2) and the upper left quadrant shows necrotic
cells (Q1). Obviously, cell populations in all treated groups tended to shift from viable to
early apoptosis as early as 3 h compared to the UT group.
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Figure 2. Mode of cell death of HeLa cells after treatment with GA and MG at 24, 48 and 72 h
of treatment. CIS was used as a positive control and UT (untreated) group as a negative control.
Values are mean ± S.E.M of three independent experiments (n = 3). Asterisk (*) indicates statistically
significant (p < 0.05) as compared with UT.

In the UT group, only 0.1% to 0.24% of cells were shifted to a necrosis event (Q1) after
12 h of treatment. This showed that the cells which underwent annexin V-FITC analysis
were at high viability and in a healthy condition. In MG-treated cells, the early apoptosis
event increased from 2.36% to 2.5% and 2.67% for a treatment duration of 3, 6 and 12 h,
respectively. Meanwhile, the early apoptosis event in GA-treated cells increased from 2.24%
(3 h) to 3.2% for 6 h and 3.8% for 12 h of treatment. In addition, the percentages of cells in
the late apoptosis event (Q2) and necrosis (Q1) for all treated groups also increased in a
time-dependent manner. However, the percentage of necrotic cells observed in all treatment
groups significantly increased (p < 0.05) compared to early and late apoptosis after 12 h of
treatment. This condition may be due to the transition of apoptotic cells into secondary
necrotic cells after a certain time. The absence of the phagocytic process in cultured cells
will lead to secondary necrosis, which is a post-apoptotic event.

On top of that, the percentages of cells in late apoptosis event (Q2) and necrosis
(Q1), for all treatment groups were also increased in a time dependent manner (Figure 4).
However, the percentage of necrotic cells (Q1) in all treatment groups had increased
significantly (p < 0.05) compared to early and late apoptosis after 12 h of treatment. This
condition may be due to the transition of apoptotic cells into secondary necrotic cells after
a certain time period. The absence of phagocytic process in cultured cells will lead to
secondary necrosis that is a post-apoptotic event. These findings supported that MG and
GA induced cell death by apoptosis pathway.

2.6. Cell Cycle Arrest

The results indicated that the subG0 population in all treated cells was significantly
increased (p < 0.05) compared to UT in a time-dependent manner. In the untreated cells,
the cell population arrested in the subG0 phase was only 4.48%, 7.75% and 8.5% after 24, 48
and 72 h, respectively (Figure 5).



Int. J. Mol. Sci. 2023, 24, 8495 8 of 23

Figure 3. Flow cytometry analysis of HeLa cells after treatment with GA and MG for 3, 6 and 12 h.
Scatter plots of FITC-AV/PI double staining in quadrant analysis; Q1: necrosis cells, Q2: late apoptotic
cells, Q3: viable cells and Q4: early apoptotic cells. In three independent experiments, CIS was used
as control positive and the untreated (UT) group as control negative.
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Figure 4. The graph summarises the number of cells in each quadrant after treatment with MG and
GA for 3, 6 and 12 h. CIS was used as control positive and the untreated (UT) group as control
negative. Values are mean ± S.E.M of three independent experiments (n = 3). Asterisk (*) indicates
statistically significant (p < 0.05) as compared with the untreated group (UT).

GA treatment showed the highest percentage of the subG0 population, which was
7.43% after 24 h. The percentage was higher than MG (6.54%) and CIS (5.76%). Interestingly,
a higher percentage of cells (26.13%) was observed in the subG0 after exposure to MG for
48 h. In other treatment groups, GA also exhibited a marked increase in cell populations
in the subG0 after 48 h. The subG0 population increased further after 72 h treatment with
MG (62.36%), followed by GA (36.08%), EA (32.04%) and CIS (24.05%). However, the
treatment with MG, GA and CIS did not affect the cell cycle distribution at the G0G1, S and
G2/M phases. The increase in cell count in the subG0/G1 phase indicated that the cells
undergo apoptosis and associated DNA cleavage [27]. These findings suggested that MG
and GA treatment induce apoptosis, as the subG0 peak is reported to be a quantitative
apoptosis marker.

2.7. Expression of Apoptotic Protein

In this study, the expression of tumour suppressor proteins, p53, Bax (proapoptotic)
and Bcl-2 (antiapoptotic) proteins was evaluated using flow cytometry analysis. The
expression of p53 proteins after treatment with MG, GA and CIS are shown in Figure 6A,B.
The expression of p53, was in accordance with the shifted cell populations in the subG0 to
the right compared to UT group.

Meanwhile, Bax proteins were also detected in all treatment groups (Figure 7A,B),
whereas Bcl-2 proteins were not expressed (Figure 8A,B). This finding suggested that MG
and GA induced apoptosis by elevating the expression of Bax and p53 and suppressing the
expression of Bcl-2.

2.8. Caspase Analysis

The cells were exposed to FAM Flica reagent and were sorted into two different cell
populations accordingly. The populations with inactive caspases were situated to the left
and the active caspases shifted to the right.
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Figure 5. Cell cycle distribution of HeLa cells treated with MG and GA at 24, 48 and 72 h of treatment.
In three independent experiments, CIS was used as a positive control and the untreated (UT) group
as a negative control.
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Figure 6. The expression of the p53 protein toward HeLa cells after treatment with MG (A), and GA
(B) for 3 h. CIS was used as a positive control and UT group as a negative control.

In this study, cells treated with MG and GA expressed caspase 8 and caspase 9. In
comparison to the UT group, the 3 h treatment of HeLa cells with MG and GA significantly
increased (p < 0.05) both caspase activity. (Figure 9A,B). The highest percentage of activity
for both caspases was seen in cells treated with GA, at 50.20% and 54.26%, respectively,
for caspases 8 and 9. For MG, there were not many differences in the activity of the two
caspases, 44.08% for caspase 8 and 44.10% for caspase 9. Both caspases were expressed
in the MG and GA-treated cells, indicating that both involved extrinsic and intrinsic
apoptotic pathways.
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Figure 7. The expression of the Bax protein toward HeLa cells after treatment with MG (A), and GA
(B) for 3 h. CIS was used as positive control and UT group as negative control.

Figure 8. The expression of the Bcl-2 protein toward HeLa cells after treatment with MG (A), and GA
(B) for 3 h. CIS was used as a positive control and UT group as a negative control.
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Figure 9. Caspase 8 and caspase 9 activities in HeLa cells treated with MG (A), and GA (B) for 3 h.
Cisplatin was used as a positive control, and UT served as a negative control.

3. Discussion

The extract of Quercus infectoria (QI) was previously reported to contain 50 to 70% tan-
nin, with a small amount of free gallic acid and ellagic acid [32]. Reviews have reported that
the main bioactive phytochemicals of QI are phenolic compounds. Phenolic compounds
are one of the largest groups of secondary metabolites in plants, with great importance due
to their occurrence and pharmacological properties [33,34]. A study by [35] demonstrated
that the total amount of phenolic compound was 57.5% in methanol extracted from QI.
Therefore, high amounts of phenolic compounds present in the extract of QI implied that
they might be the active compound responsible for the treatment and prevention of various
diseases [32,36].

The development of cancer is a multi-stage process that involves initiation, promotion
and progression. Dietary polyphenols can affect and modulate multiple diverse biochemical
processes and pathways involved in carcinogenesis. Several cancer preventive mechanisms
have been identified as affected by polyphenols, including prevention of oxidation, detoxifi-
cation of xenobiotics and induction of apoptosis. Most investigations have been conducted
with individual polyphenols in order to increase our understanding of the biological and
cellular mechanisms of their anticancer efficacy [33,37].

In the present study, gallic acid (GA) and methyl gallate (MG) exhibited a cyto-selective
effect, but did not affect the growth of normal cells, Vero. Previously, Mamat et al. [20]
reported the cyto-selective effect of GA and MG toward normal cells, NIH 3T3, at IC50 con-
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centrations of both compounds [34,38]. However, the IC50 concentration of GA and MG in
this study was slightly higher (13.44 and 16.55 µg/mL, respectively), as they used synthetic
GA and MG compounds [34,38]. Further study is needed to compare the discrepancies
between natural and synthetic compounds.

A study by Chaudhuri et al. [39] demonstrated that MG isolated from Spondias pinnata
bark also exhibited a potent antiproliferative effect toward human glioblastoma cells, U87
with an IC50 value of 8.44 ± 0.61 µg/mL [30,35]. Similarly, GA and MG isolated from the
seed coats of Givotia rottleriformis reduced cell proliferation with an IC50 value of 11 µg/mL
and 43 µg/mL at 48 h, respectively, toward human epidermoid carcinoma (A431) skin
cancer cells [30]. In the same way, normal skin HaCaT cells treated with GA and MG
showed less cytotoxicity than A431 cancer cells with an IC50 value of 84.2 µg/mL and
79.4 µg/mL [30].

Consistent with previous reports, the IC50 of MG isolated from Mangifera pajang
exhibited an antiproliferative effect on HeLa cells with an IC50 slightly higher than our
current findings, which was 18.07 µg/mL [37,40]. In addition, MG isolated from the
leaves of the Nigerian medicinal plant, Anacardium occidentale L. (Anacardiaceae), also
demonstrated higher IC50 towards HeLa cells with an IC50 value of 49 ug/mL [38,41].
Conversely, a study by Fiuza et al. showed that MG did not inhibit the proliferation of
HeLa cells [39,42].

You et al. (2010) reported that GA reduced HeLa cells’ viability with an IC50 of
14 µg/mL for 24 h of treatment [40,43]. They also found that GA was selective toward
HeLa cells, where a higher IC50 of GA was found in human umbilical vein endothelial cells
(HUVEC) (IC50 = 68 µg/mL). These data were in agreement with the findings from Park
(2017), indicating that GA exhibited significantly selective cytotoxicity toward HeLa cells
compared to HUVEC [44]. Consistent with previous reports on the antiproliferative effect
of GA in HeLa cells, Zhao and Hu (2013) demonstrated that GA isolated from Chinese
galls significantly decreased the cell viability of HeLa in a dose-dependent manner [45].
Compared with the effect on the cervical cancer cells, GA showed a substantial reduction
in the antiproliferative effects on normal HUVEC at the same concentrations.

The antiproliferative effect of HeLa cells on treatment with GA and MG indicated that
apoptosis was a possible mode of cell death. The induction of apoptosis in the targeted
cancer cells is the therapeutic goal of any cancer therapy. In this study, AOPI staining
and detection of phosphatidylserine (PS) externalisation analysis were used to determine
the mode of cell death of HeLa cells. Observations of morphological changes in HeLa
cells stained with AOPI revealed clear apoptotic changes and exhibited the common
characteristics of apoptotic cell death, such as chromatin and nuclear condensation, cell
shrinkage, DNA fragmentations and the formation of apoptotic bodies, compared to
untreated cells (UT). The UT group demonstrated healthy viable cells with a green, intact
nuclear structure.

Early apoptosis with cell blebbing and nuclear chromatin condensation was observed
after 24 h of treatment. Blebbing is a normal cellular activity observed during mitosis. In
damaged cells, the presence of blebs illustrates impending cell death and apoptotic cells,
which are unable to stop blebbing and flatten back onto the substratum [46]. Furthermore,
in the late stages of apoptosis, changes, such as the presence of a reddish-orange colour
due to the binding of acridine orange to denatured DNA, were observed and indicated a
loss of cell membrane integrity [47].

The apoptotic and necrotic cell populations increased in a time-dependent manner.
However, after 72 h, necrotic cells increased significantly (p < 0.05) in cells treated with GA
and MG compared to UT. This situation may be due to the progression of apoptotic cells
into secondary necrotic cells after 72 h. The term secondary necrosis refers to a process in
which late-stage apoptotic cells that failed to be engulfed by phagocytes or neighbouring
cells undergo necrosis. Secondary necrosis, thus, is a post-apoptotic event. This process is
seen in cultured cells undergoing cell death by apoptosis in vitro, induced, for example,
by the absence of survival factor signals or activation of death receptors by different lethal
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signals. In the absence of phagocytic cells that could engulf them, they ultimately cease
to be metabolically active, lose membrane integrity and release their cytoplasmic contents
into the culture medium [46,48,49].

An apoptotic mode of cell death induced by GA and MG toward HeLa cells was further
confirmed by the detection of phosphatidylserine (PS) externalisation using AnnexinV-
FITC and PI staining [30]. In this study, HeLa cells treated with GA and MG exhibited
a shift in the pattern of the phosphatidylserine (PS) externalisation from viable to early
apoptosis and late apoptosis at 3, 6 and 12 h. Similar to AOPI analysis, after 12 h of
treatment, the percentage of necrotic cells increased significantly compared to early and
late apoptosis. This phenomenon is referred to as secondary necrosis. According to Silva
(2010) secondary necrosis is the natural outcome of fully developed apoptosis in multi- and
unicellular eukaryotes [50]. Apoptosis was seen to progress until terminal disintegration by
secondary necrosis due to the absence of phagocytic cells in vitro. In addition, secondary
necrosis might be due to the activation of caspase 3, which triggers necrotic signalling and
contributes to inflammation and other immune responses if the dying cells are not quickly
removed by phagocytes [51].

Similar findings were reported by Rahim et al. (2018), as they observed that the
treatment with MG isolated from Bambangan (Mangifera pajang) increased the percentage
of apoptotic cells toward MCF-7 cells [40]. Chaudhuri et al. (2015) suggested that MG
treatment induced apoptosis but not necrosis in U87 cells [39]. Their results showed an
increase in early apoptotic cells with an increase in the dose of MG. At a zero dose of MG,
4.12% of cells were found in the early apoptotic phase, while 4.46%, 5.63%, 28.12%, 43.63%
and 50.08% cells were found in the early apoptotic phase with an increase in dose to 10 µM,
25 µM, 50 µM, 75 µM and 100 µM, respectively.

A study by Sourani et al. (2016) demonstrated that treatment with GA also increased
the apoptotic cells percentage to 80% in Jurkat cells after 48 h of incubation [52]. Sun et al.
(2016) reported that GA induced apoptosis toward SMMC-7721 cells using Annexin-V
FITC/PI assays [53]. Similar findings have been reported by Liang et al. (2014) as they
observed that Hoechst 33258 and Annexin V/PI staining assays exhibited apoptosis induc-
tion by GA toward human chondrosarcoma cells (SW1353) [54]. Untreated cells exhibited
a distribution of the stain and round homogeneous nuclei features, whereas apoptosis in
treated cells increased gradually in a dose-dependent manner and showed changes typical
of apoptosis, including a reduction in cellular volume, bright staining and condensed or
fragmented nuclei.

Meanwhile, the Annexin V/PI double-positive populations indicated cells undergoing
early or late apoptosis. The percentage of cells undergoing apoptosis (including the early
and late apoptosis) with GA treatment was significantly higher than that in untreated cells.
Liu et al. (2012) tested the effect of GA on human pancreatic cancer cell lines CFPAC-1
and MiaPaCa-2, as well as hepatocytes HL-7702 normal cells [55]. Typical morphological
changes of apoptosis, including chromatin condensation and nuclear fragmentation, were
observed in the treated cells compared to normal cells. They suggested that GA induced
apoptosis in human pancreatic cancer cell lines.

Flow cytometry analysis of this study showed that MG and GA induced subG0 arrest
in a time-dependent manner. As compared to UT group, the percentage of cells in the
subG0 peak increased significantly (p < 0.05) in all treated groups. Hence, this increased
accumulation of cells was much more evident in MG-treated cells. This was followed
by a concurrent reduction in all treated groups of the cells in the G0G1 phase due to the
inhibition of cell growth that causes cells to enter the subG0 phase [46,56].

Notably, the increase in the subG0 population in this study revealed the induction of
apoptosis, as the sub G0 peak is reported to be a quantitative indicator of apoptosis as well
as a characteristic hallmark of apoptotic cells [57–59]. In addition, the increase in the subG0
population indicated that the nucleus of DNA had been cleaved into multiple fragments,
demonstrating induced apoptosis cell death [46]. DNA fragmentation-related cell death
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produces apoptotic cells with less DNA than healthy cells, resulting in a subG0 peak in a
cell population profile [60–63].

According to Surova and Zhivotovsky (2013), mild DNA damage typically contributes
to cell cycle arrest, while severe and irreversible injury changes the cellular response to
apoptosis-inducing cell death [64]. Thus, the apoptosis of HeLa cells treated with MG and
GA in the current study was confirmed by the cell cycle profile, demonstrating the increase
in subG0 populations. These data are in line with earlier published data showing that
MG isolated from Spondias pinnata demonstrated an increased accumulation of the subG0
population that refers to the apoptotic cell death tested in human glioblastoma cells, U87.
The apoptosis was found to increase dose-dependently with nearly 40% of cells in subG0
at a concentration of 100 µM [39]. Similarly, a study by Faried et al. (2007) demonstrated
that GA isolated from Phaleria macrocarpa increased the number of subG0 populations after
12 h of treatment (14.8%) and increased the peak level to 98.8% after 24 h [65]. Their result
revealed that GA increased the number of apoptotic cells in a time-dependent manner.

Contrary to this finding, MG isolated from Bambangan (Mangifera pajang) in MCF-7
cells demonstrated cell cycle arrest at G0/G1 and increased cell populations in the subG0
phase indicating apoptosis [40]. Kim et al. (2016) also reported that MG had no effect on the
cell cycle regulation of malignant mouse cells, EL4, after 24, 48 and 72 h of treatment [66].
Contrary to this, GA also has been reported to induce G2/M arrest in HeLa cells [9] and
human non-small-cell lung cancer NCI-H460 cells [67].

Meanwhile, GA was found to induce G0G1 arrest in human leukaemia cells, HL-
60 [68]. The difference in cell cycle arrest regulation of MG and GA seen in HeLa cells and
other cancer cell lines was mainly attributed to a variation in the concentration used in the
treatment, the initial cell seeding density, different times of treatments and the proliferation
potential of the cell line [69].

A family of cysteine proteases (caspases) plays a major role in the implementation of
apoptosis in extrinsic and intrinsic pathways [58]. p53 is an important tumour suppressor
gene that promotes tumour cell apoptosis and inhibits tumour formation. In addition,
p53 is also an important regulator of metabolic homeostasis involved in DNA repair,
apoptosis and cell cycle arrest. p53-dependent apoptosis is mainly achieved by influencing
mitochondrial function [70]. This study revealed the upregulation of p53 and Bax protein
expression in MG and GA treatment as a hallmark of apoptosis-derived mitochondria
pathways. Furthermore, both MG and GA triggered the activation of caspase 8 and
caspase 9.

Consistent with the potential role of p53 in modulating chemotherapy in human
cancers, the loss of p53 function was linked to chemoresistance in certain tumour types.
Therefore, the expression of p53 proteins in all treated groups can directly activate the
transcription of apoptotic genes to promote apoptosis. The cell cycle arrested at subG0 was
correlated to an increase in p53 levels. p53 is involved in a checkpoint that decides whether
a cell progresses in the cell cycle or dies by apoptosis in response to deoxyribonucleic acid
(DNA) damage [71]. The tumour suppressive capabilities of p53 are related to a variety of
stress signals, including DNA damage. Increased expression of the p53 tumour suppressor
pathway has been proposed as a novel target pathway for improved cancer therapy [72].

The expression level of apoptotic proteins, such as Bax, caspase 8 and caspase 9, was
upregulated. Meanwhile, the Bcl-2, anti-apoptotic protein was correspondingly downreg-
ulated, showing consistency with cell cycle events [54]. Induction of apoptosis through
caspase 9 activation and involvement of Bax and Bcl-2 lead to the activation of effector
caspases, including caspases 3 and 7 [73]. The activation of caspase 8, which is a major
participant in the extrinsic pathway, is the result of cell death receptors, such as Fas and
TNF-α. Activation of caspase 8 also leads to the activation of effector caspases, including
caspases 3 and caspase 7. The effector caspases (3 and 7) were sequentially cleaved and
activated by apoptotic stimuli to induce apoptosis in HeLa cells. In addition, the expression
of p53 toward HeLa cells suggested that p53 was responsible for the upregulation of Bax
and downregulation of Bcl-2 in all treated groups.
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The finding in the current study revealed that GA-induced apoptosis by the upregula-
tion of pro-apoptotic Bax and downregulation of Bcl-2 as early as 24 h of treatment [43].
Several previous studies have proven the involvement of the apoptotic mechanism in cell
death in cancer cells treated with both MG and GA. Obviously, the majority reported the
involvement of intrinsic and extrinsic pathways, such as Bax, were upregulated, whereas
executioner caspases, caspase 8 and caspase 9, activity increased. Bcl-2 was downregu-
lated [35,36,39,40,50–53,55,61,63,65,67].

4. Materials and Methods
4.1. Gallic Acid and Methyl Gallic

Natural product gallic acid (GA) and methyl gallic (MG) were previously isolated
from the ethyl acetate extract of Quercus infectoria.

4.2. Bioassay-Guided Isolation of Bioactive Compounds from Q. infectoria

Prior to bioassay-guided isolation, finely powdered galls were soaked in an ethyl ac-
etate solution for 72 h. The samples were then filtered, evaporated under reduced pressure
and stored at 4 ◦C until use. Chromatographic separation techniques, thin layer chromatog-
raphy (TLC) and column chromatography (CC) were utilised to obtain fraction and pure
compounds. The first batch of CC yielded four fractions labelled EAQI/FA1, EAQI/FA2,
EAQI/FA3 and EAQI/FA4 and tested for an antiproliferative activity to obtain IC50.

The fraction with an IC50 of less than 50 µg/mL was considered ‘active’. The active
fraction (IC50 < 50 µg/mL) was selected for further fractionation. Fraction EAQI/FA3
was selected and resumed for a second column chromatography and the result was five
subfractions, labeled EAQI/FA3/B1, EAQI/FA3/B2, EAQI/FA3/B3, EAQI/FA3/B4 and
EAQI/FA3/B5. Based on the TLC profiles, two pure compounds were detected from
fractions EAQI/FA3/B2 and EAQI/FA3/B5. Both compounds were then isolated and
eluted with MeOH. The spots on TLC were visualised by a yellow spot in a staining iodine
vapour, a dark spot under UV-254 nm and UV-365 nm and an orange spot with ferric
chloride (FeCl3). Both compounds were further analysed for structure elucidation using
Nuclear Magnetic Resonance (NMR) (Bruker, Billerica, MA, USA, Avance at 400 MHz),
measuring 1H-NMR and 13C-NMR, COSY, HSQC and HMBC. Chemical shifts were quoted
in δ units and the signals were described in terms of the chemical shift, multiplicity, coupling
constant (J) where applicable and number of protons. The abbreviations s (singlet), d
(doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of doublets), ddd (doublet of
doublets of doublets), dddd (doublet of doublets of doublets of doublets), br s (broad of
singlet) have been used to express multiplicities.

An infrared (IR) (Perkin Elmer, Waltham, MA, USA, FTIR, model 1725X) spectropho-
tometer using potassium bromide (KBr) discs was used to determine the functional group
present in the isolated compound. The vibrational portion of the infrared region was at a
wavelength (λ) between 2.5 µm and 25 µm (1 µm = 10−6 m). The absorption bands were
measured in cm−1. The mass of the molecule was determined by Direct Injection Probe
(DIP), using Gas Chromatography–Mass Spectrometry (Agilent, Santa Clara, CA, USA,
model 7890A), with an ion source temperature of 200 ◦C and interface temperature of
300 ◦C.

4.3. Cell Culture

HeLa (human cervical cancer cells) and Vero (African Green Monkey kidney cells), a
type of normal cell line, were obtained from the American Type Culture Collection (ATCC,
Manassas, VA, USA). Both cells were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% foetal bovine serum (FBS) and penicillin–streptomycin
1% (v/v). The cells were incubated at 37 ◦C and 5% CO2 in a humidified atmosphere.
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4.4. Antiproliferative Assay

Antiproliferative activity was carried out using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) tetrazolium reduction [74]. GA, MG and CIS were
diluted in DMSO to obtain a stock solution of 10.00 mg/mL. Cells (3 × 104/mL) were
treated with various concentrations of compounds in 96-well culture plates for 72 h. After
72 h of exposure, 20 µL of the MTT solution (5 mg/mL in PBS) was added to each well and
further incubated for 4 h at 37 ◦C. Then, the medium was discarded. Insoluble formazan
crystals were dissolved by adding 100 µL of DMSO. The plates were shaken, and optical
density measured using a microplate reader at 570 nm. Then IC50 values of GA and MG
were determined by using nonlinear regression analysis (percent inhibition versus concen-
tration) and used in subsequent experiments. In this study, untreated HeLa cells served as
negative control and cisplatin (CIS) was used as positive control. All compounds, GA, MG
and CIS, were also tested on normal cells, Vero, to confirm the cyto-selective effect toward
cancer cells, HeLa.

4.5. Cell Morphology Analysis

Apoptotic cell morphology was examined using acridine orange and propidium iodide
(AOPI) staining [75]. AOPI are nucleic acid binding dyes that were used for evaluating
the changes in nuclear morphology, quantify and qualify the cellular profile of the viable,
apoptotic and necrotic cells. AO is a selective fluorescent cationic dye of nucleic acid that
generates a protonated positive charge as it crosses the plasma membrane of viable and
early apoptotic cells and intercalates to create green fluorescence in DNA and RNA [76].
Viable cells were stained green with an intact nucleus structure. Early apoptotic cells with
a bright green-coloured nuclei due to the chromatin condensation. Late apoptotic cells
have bright orange areas in the nucleus of condensed chromatin that separate them from
necrotic cells. Necrotic cells were stained red by PI, which penetrated the nuclear matter
where the cell membrane’s integrity was impaired [77].

HeLa cells (5 × 104 cells/mL) were treated with IC50 concentrations of GA, MG and
CIS for 24, 48 and 72 h, respectively, in triplicates. The treated cells were trypsinised and
harvested with 1 mL cold phosphate buffered saline (PBS), followed by centrifuged at
1500 rpm for 10 min at 4 ◦C. This process was repeated twice. The cell suspension was
mixed with 20 µL of AO/PI solution (1:1) and the mixture (10 mL) was transferred onto a
slide and covered with a cover slip. Viable, apoptotic and necrotic cells were quantified in
a population of 200 cells using a fluorescence microscope equipped with B-2A filter (Nikon
TE2000-U, Tokyo, Japan). Untreated HeLa cells served as negative control and cisplatin
was used as positive control.

4.6. Determination of Phosphatidylserine (PS) Externalisation

The mode of cell death was investigated further for apoptotic activity by monitoring
phosphatidylserine (PS) externalisation, using the annexin V-FITC/PI assay. Early event
apoptosis is characterised by the externalisation of PS from the inner layer of the plasma
membrane to the outer surface. Quantification of annexin V-FITC binding to externalised
PS represents the apoptotic cells. In flow cytometry analysis, the staining of Annexin
V/propidium iodide (An/PI) is based on the ability of the Annexin V protein to bind
to phosphatidylserine (PS), which is externalised after the induction of apoptosis in the
outer cell membrane leaflet. In viable cells, PS is located at the inner membrane leaflet, but
on induction of apoptosis, it is translocated to the outer membrane leaflet and becomes
available for annexin V binding. The addition of PI enabled viable (An−/PI−), early
apoptotic (AnnV+/PI−), late apoptotic (An+/PI+) and necrotic (An−/PI+) cells to be
differentiated [78].

The Annexin V-FITC Apoptosis Detection Kit 1 (Beckton Dickinson, Franklin Lakes,
NJ, USA) was used to determine phosphatidylserine (PS) externalisation. The kit contains
Annexin V conjugated to the fluorochrome FITC, propidium iodide and binding buffer.
Briefly, HeLa cells (5 × 104 cells/mL) were treated with an IC50 value of the GA, MG and
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CIS for 3, 6 and 9 h. The cells were collected, washed thrice with cold PBS and 100 µL
of binding buffer was added to the tubes. Then, 3 µL of FITC-conjugated Annexin V
(Annexin V-FITC) and 3 µL of propidium iodide (PI) was added, and the mixture was
then incubated at room temperature (24 ◦C) in the dark for 15 min. The stained cells were
diluted using a binding buffer (400 µL) and immediately analysed with a CytoFlex flow
cytometer (Beckman Coulter, Brea, CA, USA). About 10,000 events were accumulated per
sample. The results were generated in a quadrant graph with four different populations
of cells representing viable cells (Annexin V-FITC and PI were negative), early apoptosis
(Annexin V-FITC positive and PI were negative), late apoptosis (Annexin V-FITC and PI
were positive) and necrosis (Annexin V-FITC negative and PI were positive). Untreated
HeLa cells served as a negative control, and cisplatin was used as a positive control.

4.7. Cell Cycle Analysis

Cell cycle analysis was performed according to the protocol in the CycleTESTTM PLUS
DNA Reagent Kit (Beckton Dickinson, Franklin Lakes, NJ, USA). HeLa cells (5 × 104 cells/mL)
were cultured overnight in a 6-well plate and treated with an IC50 value of GA, MG, and
CIS for 24, 48 and 72 h at their IC50 concentrations in triplicates. The cells were trypsinised
and harvested in a similar manner as the AO/PI staining protocol. The cells pellets were
resuspended in 250 µL of buffer solution A, followed by incubation for 10 min at room
temperature. Then, 200 µL of solution B was added and mixed prior to further incubation
for 10 min at room temperature. After that, 200 µL of solution C, containing propidium
iodide, was added, and the mixture was incubated in a dark place at 4 ◦C for 10 min. The
cellular DNA content was measured by using a CytoFlex flow cytometer (Beckman Coulter,
Brea, CA, USA). Untreated cells were used as a negative control, and cells treated with
cisplatin were utilised as a positive control.

4.8. Determination of p53, Bax and Bcl-2 Expression

HeLa cells were seeded (5 × 104 cells/mL) in a 6-well plate and incubated for 24 h
before being treated with an IC50 concentration of MG, GA and CIS. The treated cells were
further incubated at 37 ◦C in a 5% CO2 incubator with 90% humidity for 3 h. After that,
cells were harvested and washed. The assay was resumed using anti-p53, anti-Bax and
anti-Bcl-2 antibody FITC. Staining, fixation and permeabilisation were done following the
manufacturer’s protocol.

Briefly, cells were resuspended thoroughly, and 100 µL of the fixative solution was
added into each tube and incubated for 15 min at 4 ◦C. After 15 min, cells were washed
twice with 0.2% PBS and Tween 20, followed by adding 100 µL of permeabilisation solution
into each tube and incubated for another 15 min at 4 ◦C. After 15 min, the cells were
washed twice with 0.2% PBS and Tween 20. The reactions were blocked using 5% PBS
for 15 min and washed again twice with 0.2% PBS and Tween 20. For staining, 10 µL of
fluorochrome-conjugated primary antibodies was added to the cells for 20 min at 4 ◦C in
the dark and then washed again twice with 0.2% PBS and Tween 20. The cells were washed
twice by centrifugation at 400× g for 5 min and resuspended in 500 µL of ice-cold PBS,
10% FCS, and 1% sodium azide. Finally, the cells were analysed using a flow cytometer.
Untreated cells were used as a negative control and cells treated with CIS were used as a
positive control.

4.9. Caspases Analysis

The activities of caspase 8 and caspase 9 were evaluated using the FAM FLICA TM
Caspases Kit. The manufacturer’s instructions were followed to perform the analysis.
Initially, the FLICA TM was prepared by adding DMSO to solubilise it and diluted with
PBS prior to adding it into the sample solution. After 6 h of treatment, disassociated cells
from the treated and untreated cell groups of HeLa cells were harvested. The cells were
centrifuged at 300× g for 10 min and then the supernatant was discarded. After that, 290 µL
of fresh media was added. Next, 10 µL of FAM-FLICA working solution was added to
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the samples at a v/v ratio of 1:30 and mixed well in the cell suspension to disperse the
FAM-FLICA reagent. Then, it was incubated in a CO2 incubator at 37 ◦C for 40 min. After
incubation, 2 mL of 1× Apoptosis Wash Buffer was added and gently mixed. Then, the
cells were centrifuged at 300× g for 10 min. These steps were repeated twice. Then, 300 µL
of Apoptosis Wash Buffer was added and placed on ice before proceeding to the flow
cytometer analysis. The assay was carried out in three independent replicates for each
sample. The data were quantitatively represented as the percentage of activity of caspase 8
and caspase 9 in comparison to the untreated cells group.

4.10. Statistical Analysis

All results were obtained from three independent experiments. Data were expressed
as the mean ± standard error of the mean (SEM) and analysed by one-way analysis of
variance (ANOVA), followed by the Bonferroni post hoc test. The statistical software SPSS
(version 22) was used, and p < 0.05 was defined as statistical significance compared to
the control.

5. Conclusions

In conclusion, GA and MG exhibited a potent antiproliferative effect with an apoptosis
mode of cell death. Morphological changes and PS externalisation support the induction of
an apoptosis event in the treated cells. The percentage of apoptotic cells increased with the
time of exposure. However, after 72 h of treatment, the cells became necrotic. Most of the
cells at this hour were in the late apoptosis stage.

Author Contributions: H.A. was involved in the idea and concept of the research design and
manuscript writing; I.I. conducted the experiments and data analysis; R.S. advised on the study
design and data analysis of flow cytometry experiments. N.M.Z. assisted with the experiment
and final editing of the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: The study was supported by Grant No. 1001/PPSK/ 8012276, Research University Grant
Scheme; RUI from the Universiti Sains, Malaysia. The project was implemented with all laboratory
facilities and infrastructures related to the project at the Universiti Sains, Malaysia.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References
1. World Health Organisation (WHO). World Cancer Report 2020; World Health Organization: Geneva, Switzerland, 2020.
2. World Health Organisation Regional Office for South-East Asia. Cancer Fact Sheet 2018; WHO South East Asia: New Delhi, India, 2018.
3. Walboomers, J.M.; Jacobs, M.V.; Manos, M.M.; Bosch, F.X.; Kummer, J.A.; Shah, K.V.; Snijders, P.J.; Peto, J.; Meijer, C.J.; Muñoz, N.

Human papillomavirus is a necessary cause of invasive cervical cancer worldwide. J Pathol. 1999, 189, 12–19. [CrossRef]
4. Tarney, C.M.; Han, J. Postcoital Bleeding: A Review on Etiology, Diagnosis, and Management. Obstet. Gynecol. Int. 2014,

2014, 192087. [CrossRef] [PubMed]
5. Nartthanarung, A.; Thanapprapasr, K.; Udomsubpayakul, U.; Thanapprapasr, D. Age and Survival of Cervical Cancer Patients

with Bone Metastasis. Asian Pac. J. Cancer Prev. 2014, 15, 8401–8404. [CrossRef] [PubMed]
6. Beddoe, A.M. Elimination of cervical cancer: Challenges for developing countries. Ecancermedicalscience 2019, 13, 975. [CrossRef]
7. Šarenac, T.; Mikov, M. Cervical Cancer, Different Treatments and Importance of Bile Acids as Therapeutic Agents in This Disease.

Front. Pharmacol. 2019, 10, 484. [CrossRef]
8. Adhami, V.M.; Malik, A.; Zaman, N.; Sarfaraz, S.; Siddiqui, I.A.; Syed, D.N.; Afaq, F.; Pasha, F.S.; Saleem, M.; Mukhtar, H.

Combined Inhibitory Effects of Green Tea Polyphenols and Selective Cyclooxygenase-2 Inhibitors on the Growth of Human
Prostate Cancer Cells Both In vitro and In vivo. Clin. Cancer Res. 2007, 13, 1611–1619. [CrossRef]

9. Aborehab, N.M.; Osama, N. Effect of Gallic acid in potentiating chemotherapeutic effect of Paclitaxel in HeLa cervical cancer cells.
Cancer Cell Int. 2019, 19, 154. [CrossRef]

https://doi.org/10.1002/(SICI)1096-9896(199909)189:1&lt;12::AID-PATH431&gt;3.0.CO;2-F
https://doi.org/10.1155/2014/192087
https://www.ncbi.nlm.nih.gov/pubmed/25045355
https://doi.org/10.7314/APJCP.2014.15.19.8401
https://www.ncbi.nlm.nih.gov/pubmed/25339036
https://doi.org/10.3332/ecancer.2019.975
https://doi.org/10.3389/fphar.2019.00484
https://doi.org/10.1158/1078-0432.CCR-06-2269
https://doi.org/10.1186/s12935-019-0868-0


Int. J. Mol. Sci. 2023, 24, 8495 21 of 23

10. American Cancer Society. Chemotherapy for Cervical Cancer. 2020. Available online: https://www.cancer.org/cancer/cervical-
cancer/treating/chemotherapy.html (accessed on 31 January 2023).

11. Jan, R.; Chaudhry, G.-E. Understanding Apoptosis and Apoptotic Pathways Targeted Cancer Therapeutics. Adv. Pharm. Bull.
2019, 9, 205–218. [CrossRef] [PubMed]

12. Kaczanowski, S.; Sajid, M.; Reece, S.E. Evolution of apoptosis-like programmed cell death in unicellular protozoan parasites.
Parasites Vectors 2011, 4, 44. [CrossRef]

13. Plati, J.; Bucur, O.; Khosravi-Far, R. Apoptotic cell signaling in cancer progression and therapy. Integr. Biol. 2011, 3, 279–296.
[CrossRef]

14. Elmore, S. Apoptosis: A review of programmed cell death. Toxicol. Pathol. 2007, 35, 495–516. [CrossRef] [PubMed]
15. Tajudin, T.-J.S.A.; Mat, N.; Siti-Aishah, A.B.; Yusran, A.A.M.; Alwi, A.; Ali, A.M. Cytotoxicity, Antiproliferative Effects, and

Apoptosis Induction of Methanolic Extract of Cynometra cauliflora Linn. Whole Fruit on Human Promyelocytic Leukemia HL-60
Cells. Evid.-Based Complement. Altern. Med. 2012, 2012, 127373. [CrossRef]

16. Khalili, R.M.A.; Noratiqah, J.M.; Norhaslinda, R.; Norhayati, A.H.; Amin, B.A.; Roslan, A.; Zubaidi, A.L.A. Cytotoxicity Effect
and Morphological Study of Different Duku(Lansium domesticum corr.) Extract towards Human Colorectal Adenocarcinoma Cells
Line (HT-29). Pharmacogn. J. 2017, 9, 757–761. [CrossRef]

17. Chen, Y.; Hua, Y.; Li, X.; Arslan, I.M.; Zhang, W.; Meng, G. Distinct Types of Cell Death and the Implication in Diabetic
Cardiomyopathy. Front. Pharmacol. 2020, 11, 42. [CrossRef] [PubMed]

18. Jantamat, P.; Weerapreeyakul, N.; Puthongking, P. Cytotoxicity and Apoptosis Induction of Coumarins and Carbazole Alkaloids
from Clausena Harmandiana. Molecules 2019, 24, 3385. [CrossRef]

19. Moradi, M.-T.; Karimi, A.; Alidadi, S. In vitro antiproliferative and apoptosis-inducing activities of crude ethyle alcohole extract
of Quercus brantii L. acorn and subsequent fractions. Chin. J. Nat. Med. 2016, 14, 196–202. [CrossRef]

20. Cragg, G.M.; Pezzuto, J.M. Natural Products as a Vital Source for the Discovery of Cancer Chemotherapeutic and Chemopreven-
tive Agents. Med. Princ. Pract. 2015, 25 (Suppl. S2), 41–59. [CrossRef]

21. Gurib-Fakim, A. Medicinal plants: Traditions of yesterday and drugs of tomorrow. Mol. Asp. Med. 2006, 27, 1–93. [CrossRef]
22. Kaur, M.; Velmurugan, B.; Rajamanickam, S.; Agarwal, R.; Agarwal, C. Gallic acid, an active constituent of grape seed extract,

exhibits anti-proliferative, pro-apoptotic and antitumorigenic effects against prostate carcinoma xenograft growth in nude mice.
Pharm Res. 2009, 26, 2133–2140. [CrossRef]

23. Chang, Y.J.; Hsu, S.L.; Liu, Y.T.; Lin, Y.H.; Lin, M.H.; Huang, S.J.; Ho, J.A.; Wu, L.C. Gallic acid induces necroptosis via TNF-α
signaling pathway in activated hepatic stellate cells. PLoS ONE 2015, 10, e120713. [CrossRef]

24. Fernandes, F.H.A.; Salgado, H.R.N. Gallic Acid: Review of the Methods of Determination and Quantification. Crit. Rev. Anal.
Chem. 2016, 46, 257–265. [CrossRef] [PubMed]

25. He, Z.; Li, B.; Rankin, G.O.; Rojanasakul, Y.; Chen, Y.C. Selecting bioactive phenolic compounds as potential agents to inhibit
proliferation and VEGF expression in human ovarian cancer cells. Oncol. Lett. 2015, 9, 1444–1450. [CrossRef] [PubMed]

26. Habtemariam, S. Methyl-3-O-Methyl Gallate and Gallic Acid from the Leaves of Peltiphyllum peltatum: Isolation and Comparative
Antioxidant, Prooxidant, and Cytotoxic Effects in Neuronal Cells. J. Med. Food 2011, 14, 1412–1418. [CrossRef]

27. Hsieh, T.-J.; Liu, T.-Z.; Chia, Y.-C.; Chern, C.-L.; Lu, F.-J.; Chuang, M.-C.; Mau, S.-Y.; Chen, S.-H.; Syu, Y.-H.; Chen, C.-H. Protective
effect of methyl gallate from Toona sinensis (Meliaceae) against hydrogen peroxide-induced oxidative stress and DNA damage in
MDCK cells. Food Chem. Toxicol. 2004, 42, 843–850. [CrossRef]

28. Choi, J.-G.; Kang, O.-H.; Lee, Y.-S.; Oh, Y.-C.; Chae, H.-S.; Jang, H.-J.; Shin, D.-W.; Kwon, D.-Y. Antibacterial Activity of Methyl
Gallate Isolated from Galla Rhois or Carvacrol Combined with Nalidixic Acid Against Nalidixic Acid Resistant Bacteria. Molecules
2009, 14, 1773–1780. [CrossRef]

29. Kang, M.-S.; Jang, H.-S.; Oh, J.-S.; Yang, K.-H.; Choi, N.-K.; Lim, H.-S.; Kim, S.-M. Effects of methyl gallate and gallic acid on the
production of inflammatory mediators interleukin-6 and interleukin-8 by oral epithelial cells stimulated with Fusobacterium
nucleatum. J. Microbiol. 2009, 47, 760–767. [CrossRef]

30. Kamatham, S.; Kumar, N.; Gudipalli, P. Isolation and characterization of gallic acid and methyl gallate from the seed coats of
Givotia rottleriformis Griff. and their anti-proliferative effect on human epidermoid carcinoma A431 cells. Toxicol. Rep. 2015, 2,
520–529. [CrossRef]

31. Zhang, T.; Ma, L.; Wu, P.; Li, W.; Li, T.; Gu, R.; Dan, X.; Li, Z.; Fan, X.; Xiao, Z. Gallic acid has anticancer activity and enhances the
anticancer effects of cisplatin in non-small cell lung cancer A549 cells via the JAK/STAT3 signaling pathway. Oncol. Rep. 2019, 41,
1779–1788. [CrossRef]

32. McChesney, J.D.; Venkataraman, S.K.; Henri, J.T. Plant natural products: Back to the future or into extinction? Phytochemistry
2007, 68, 2015–2022. [CrossRef]

33. Badhani, A.; Rawat, S.; Bhatt, I.D.; Rawal, R.S. Variation in Chemical Constituents and Antioxidant Activity in Yellow Himalayan
(Rubus ellipticus Smith) and Hill Raspberry (Rubus niveus Thunb.). J. Food Biochem. 2015, 39, 663–672. [CrossRef]
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