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SELECTIVE CYTOTOXICITY EFFECTS OF
R-GLYCIDOL AND S-GLYCIDOL ON VERO
AND HCT 116 CELLS IN EVALUATING THE

INCIDENCE OF GLYCIDYL ESTERS IN
EDIBLE OILS AND FATS
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ABSTRACT

Despite their feasibility as food flavouring, glycidol is classified as a probable carcinogen under group 2A by
WHO. The cytotoxicity effects of isomers of R- and S-glycidol on African green monkey kidney normal cell
lines (Vero) and human colon cancer cell line (HCT 116) remain unclear. Cell viability of the treated Vero
and HCT 116 cells was determined using the AlamarBlue® assay. Dichlorodihydrofluorescein diacetate
(DCFDA) was used to evaluate reactive oxygen species (ROS) activity. Protein expressions of ERK ¥,
p-ERK, Bcl-2 and caspase-3 were investigated using western blotting technique. The findings indicated
that R- and S-glycidol (1.16 ug/mL) exposure dramatically reduced the cell viability of the treated HCT
116 cells but was slightly cytotoxic to Vero cells, hence triggering ROS activity. R- and S-glycidol cause
down-regulation of ERK %, p-ERK, and BCL-2 protein expression at 48 h of treatment. Furthermore, both
R- and S-glycidol possess close interaction in proximity to 3D-structure of human ERK and p-ERK protein
receptors. In conclusion, R- and S-glycidol potentially triggered oxidative stress and affected ERK protein
phosphorylation, leading to caspase-3 independent cell death of the treated HCT 166 cells, suggesting that
lower doses (<1.16 ug/mL) of R- and S-glycidol are safe for human consumption.
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INTRODUCTION agents due to oxiran ring of glycidol that may
function as an alkylating agent and contributes to
Glycidol is widely employed in industrial some of its reactivity (Foroumadi and Emami, 2014).

applications such as the production of sweetening,
flavouring compounds, diluent, and dye-levelling
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Natural oils and vinyl polymers are both produced
using glycidol as a stabiliser (Foroumadi and
Emami, 2014). Glycidols have become an important
key intermediate as substitute dendrimers for the
preparation of chemicals, pharmaceuticals, bioactive
compounds and food products (Tollini ef al., 2022).
Mahapatra and Tysoe (2015) have stated that
glycidols exist in two stereoisomeric forms, namely,
R- and S-glycidol enantiomers and the difference
between the two compounds is only chirality
(EFSA Panel on Contaminants in the Food Chain
(CONTAM), 2016). Due to biocompatibility with
human cells, R-and S-glycidol havebeeninvestigated
for their potential as replacement dendrimers for
biomedical applications. Dendrimers are hyper-



JOURNAL OF OIL PALM RESEARCH

branched macromolecules which can be functiona-
lised. In order to express explicit biological traits
such as lipid bilayer interactions, cytotoxicity, and
others, changing their physicochemical properties
has made it a suitable delivery vehicle (Abbasi et
al., 2014). The benefits of many drugs cannot be
exploited because of their poor solubility, toxicity,
or stability problems. The use of dendrimers as
carriers of bioactive compounds can solve many
problems in biomedical approaches and have an
advantage in improving their usage for clinical
applications (Aurelia et al., 2020). The utilisation
of drug combinations based on their targeted
administration or drug delivery materials has
become a new trend to optimise the therapeutic
effects of the drugs with a reduction in adverse
effects and potentially becomes a new strategy in the
search for successful cancer therapy (Wrébel et al.,
2022). In addition, according to a study by Wrébel et
al. (2022), 2- and 3-poly(amidoamine) (PAMAM G2
and G3) dendrimers covered with R-glycidol could
penetrate cells faster and exhibited higher toxicity
for cancerous cells than for normal cells compared
to S-glycidol covered analogues. Interestingly, the
chirality and functional group of the stereoisomers
were reported to alter the physiological of human
cells that may contribute to either harmful or
harmless effects (Mdder and Kattner, 2020; Moreno-
Yruela et al., 2022).

Contradictory, reports by EFSA CONTAM
(2016) and Hartwig et al. (2020) stated that glycidol
is genotoxic (damages DNA) and carcinogenic
(causes cancer). The chemicals have the ability
to cause adverse effects in rodents (Spungen et
al., 2018) that may contribute to genotoxic and
mutagenic effects on rats (Bakhiya et al., 2011 and
EFSA CONTAM, 2016). Given that the research on
glycidol in human is limited, Schilter et al. (2011)
conducted carcinogenicity bioassays on glycidol
in mice and rats in various tissues and found that
glycidol induced dose-related increases in the rates
of neoplasms. According to Akane et al. (2013),
adult rats axon injury in the central and peripheral
nervous systems were damaged by glycidol,
which suggests that it targets the developing nerve
terminals of immature granule cells and inhibits
late-stage hippocampal neurogenesis. The studies
on evaluation of the food contaminant isomers
especially the toxicological effect of R-glycidol
or S-glycidol on human cells are limited (EFSA
CONTAM, 2016).

Moreover, foods such as infant food formula,
margarine, potato crisp, cookies, hot surface cooked
pastries, short crusts, fried, roast meat and chocolate
spreads were reported to contain harmful food
contaminants especially glycidol (EFSA CONTAM,
2016 and Bakhiya et al., 2011). Goh et al. (2021) stated
that glycidyl esters contamination in palm-based
cooking oil were in the range of 1.338 to 18.362

mg/kg. However, the permissible daily glycidol
exposure from refined dietary oils and fats is 1.33 g/
kg/day (maximum daily fat intake: 80g) for adult
individuals weighing 60 kg (Bakhiya et al., 2011).
This controversial toxicological effects of glycidols
need to be investigated in order to understand
underlying mechanism on the safety of the chemical
to human normal and cancer cells especially R- and
S-glycidols isomers. Furthermore, limited studies
were reported on the genotoxic, mutagenic and
cytotoxic effect of glycidols in human normal and
cancer cells.

Trans and cis fat are example of isomers that have
different effects on human cells where frans-fat may
contribute to carcinogenesis and cancer risk (Matta
et al., 2021) but cis-fat is considered to be safe to
human as it plays important roles as energy source,
a component of cellular membranes, and a regulator
of different biological process (Hirata, 2021). Despite
the fact that the all-trans isomer of astaxanthin (AST)
is a potent antioxidant predominates in nature,
certain studies have indicated that the cis isomer
of AST, particularly the 9-cis AST, demonstrated
a higher antioxidant potency than the all trans
isomer (Liu et al., 2016). Furthermore, a-tocopheryl
succinate (a-TOS) is selective for cancer cells at
least in part due to the lower esterase activity and
reduced antioxidant defences expressed by these
malignant cells when compared to their normal
(non-malignant) counterpart than the others isomers
of tocopherols (Constantinou et al., 2008). Lim et
al. (2014) has suggested that different tocotrienol
isomers might exhibit a different cellular mechanism
of cell death in different cancer types but specific
mechanisms induced by alpha-, gamma- and delta-
tocotrienols in both brain and lung cancers are still
unclear.

According to Brooks et al. (2011) chirality is one
of the important factors that plays a role in
determining the chemicals interaction with the
cancer protein receptors which results in dichoto-
mous effects in normal and cancer human cells.
Oxaliplatin isomers of (R, R)-cyclohexane-1,2-
diamine and (S, S)-cyclohexane-1,2-diamine have
different roles in inducing cytotoxic effects on
leukaemia, lung, colon, breast, renal, melanoma and
ovarian human tumour cells. (S, S)-cyclohexane-
1,2-diamine platinum antineoplastic compound
is more biologically active in comparison with
(R, R)-cyclohexane-1,2-diamine (Arnesano et al.,
2015). Toxicological assessment of the glycidol
isomers on human cells are limited. Thus, the
objectives of this study are to elucidate selective
toxicological effects of R- and S-glycidol in normal
and cancer cells. This finding may lead to better
understanding of selective cytotoxicity of R- and
S-glycidol in normal cells (monkey) and cancer
cells (human), which may be beneficial for safety
evaluation of glycidols exposure in food.
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MATERIALS AND METHODS
Chemicals

R- and S-glycidol were purchased from Sigma
Aldrich, USA. RPMI 1640, penicillin-streptomycin
and accutase were purchased from Apical Scientific
(Gibco, USA). Fetal bovine serum (FBS) was
purchased from Apical Scientific (Tico Europe,
Netherlands). AlamarBlue® was purchased from
Bio-Diagnostics  (Invitrogen, Scotland, UK).
NucleoSpin® RNA /Protein extraction kit was
purchased from Apical Scientific (Macherey-
Nagel, Germany). The primary mouse monoclonal
ERK % (SC-514302), p-ERK (SC-7383), BCL-2
(SC-7382), Caspase (SC-7272) and GAPDH (SC-
47724) antibodies were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA) and HRP
conjugated anti-mouse secondary antibody
(A16072) (Life Technologies, USA).

Cell Culture of African Green Monkey Kidney
Cell Lines, Vero and HCT 116 Cells

Vero cell line was obtained from Universiti
Sultan Zainal Abidin (UNISZA) and HCT 116 cells
were obtained from Imperial College London.
Vero and HCT 116 cells were maintained in
RPMI 1640 media (Gibco, USA), 1% penicillin-
streptomycin (Gibco, USA) and 10% FBS (Tico
Europe, Netherlands). The flasks were incubated in
37°C humidified incubator supplemented with 5%
CO,. After the cells reached 80%-90% confluency,
the cells were trypsinised. The cultures were
examined using inverted microscope to check for
signs of contamination; old media were discarded.
The flasks were rinsed with PBS (3 mL) for three
times to discard traces of serum, thereby inhibiting
the action of accutase. Accutase (1 mL) was added
for trypsinisation process and the flasks were
incubated at 3°C and 5% humidified incubator for
5 min to detach the cells. Complete medium (3 mL)
was added, and the solutions were transferred into
15 mL centrifuge tubes before spinning down at
2500 ‘rpm for 5 min. The supernatants were
discarded, and the pellet of Vero and HCT 116 cell
lines was used for the next procedure. The cells
and media (10 pL) were transferred immediately
to the edge of the hemocytometer chamber, and
the slide was viewed under inverted microscope.
The cells were counted within the four corners of
the grid. Non-viable cells were stained blue (Kim
et al., 2016).

The final volume of fresh media and treatment
solution (1 uL) was 100 uL in each plate. The 96-
well plate that contains 99 uL of seeded cells and
fresh complete medium was incubated overnight
in 37°C humidified incubator supplemented with
5% CO, (Kadir et al., 2009).

AlamarBlue® Assay by Using Vero and HCT 116
Cell Lines

Different concentrations of R- and S-glycidol
(0.000116 pg/mL, 0.00116 ug/mL, 0.0116 ug/mL,
0.116 pug/mL and 1.16 pg/mL) were used to treat
the Vero and HCT 116 cell lines. Four replicates of
the treatment were conducted on 96-well plates
and incubated in 37°C humidified incubator
supplemented with 5% CO, for 24, 48 and 72 hr.
AlamarBlue® reagent (10 uL was added into each
well and immediately incubated back in the same
condition for 4 hr. Resazurin (opaque blue) in
AlamarBlue® reagent was converted to resorufin
(fluorescence pink) via the reduction reactions of
metabolically active cells. The absorbance values
were measured at 570 nm excitation wavelength
value and 590 nm emission wavelength value by
using microplate reader (Thermo Fisher Scientific,
USA) (Bonnier et al., 2015).

ROS by Using 2,7-dichlorofluorescin Diacetate
(DCFDA) Dye

The cells were seeded in 24-well plate, and
1 x 10° cells were seeded in each well. The 24-well
plates containing cells were incubated overnight.
Dichlorodihydrofluorescein  diacetate (DCFDA)
powder (Sigma Aldrich, USA) was used to
measure ROS activity in treated HCT 116 cells.
5 mg of DCFDA was mixed with dimethylsulfoxide
(DMSO) (4.104 mL). DCFDA (2.5 uL) was added
to the wells containing cells and incubated in an
incubator for 30 min. After 30 min, the medium in
each well was discarded carefully and washed with
PBS. The media were added in each well and treated
with different concentrations of R- and S-glycidol.
5 uL of the treatment solutions was aliquoted in
media containing HCT 116 cells (500 uL) that were
pre-treated with DCFDA. The treated cells were
immediately incubated at 37°C with 5% CO,. The
samples were measured for every 1 hr by using
microplate reader. The absorbance values were
measured fluorometrically at excitation of 520 nm
and emission of 550 nm (Wu and Yotnda, 2015).

Protein Extraction

2.5 x 10° of HCT 116 cells were seeded in six-
well plate and treated with 500 mM to obtain final
concentration of 5 mM for 24 and 48 hr. The seeded
cells that were treated with 0.01% DMSO was used
as a negative control for both time points. The cells
were incubated for 24 and 48 hr prior to treatment
with R-glycidol and S-glycidol and trypsinisation.
The cell pellets were washed with 3 mL PBS and
centrifuged at 3000 rpm for 5 min. The supernatants
were completely discarded by pipetting, and the
pellets were stored in —80°C until the next procedure
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was conducted. Proteins from the samples of treated
cells were extracted using NucleoSpin® RNA/
Protein (Macherey-Nagel) protocol with slight
modifications. Bradford assay was performed using
Bio-Rad Protein Assay (Bio-Rad, USA) to determine
protein concentrations. The absorbance of the
samples was measured at 595 nm by using ELISA
plate reader (Bio-Rad, USA) (Sinkala et al., 2017).

Western Blotting, Blocking and Gel Dot

Loading samples of the treated HCT 116 cells
with R- and S-glycidol were prepared according to
manufacturer’s instructions (Pub. Part No. IM-8042).
20.0 pg/ uL protein samples, 3.75 uL NuPAGE® LDS
sample buffer (4X), 0.75 uL BME and deionised
water were mixed together with the total volume of
15 pL. The mixture was heated at 72°C for 10 min
at 500 rpm. 1X SDS running buffer was poured in
XCell SureLock™ Mini-Cell electrophoresis tank.
Protein samples (15 pL) from section 2.5 were
loaded in NuPAGE 4%-12% Bris-Tris gel (Novex,
Life Technologies, USA) by using loading tips. The
system was run at voltage 200 V and 100-125 mA
for 1 hr and 30 min. After that, the gel was taken
out from its cassette and washed three times with
ultrapure water. The SDS-PAGE gel was then stained
with SimplyBlue® safe stain for 2 hr. The gel was
destained by ultrapure water overnight. The image
was observed by using gel imager (Gel Doc XR +
system, Bio-Rad, USA). After separating the protein
mixture, it was transferred to a PVDF membrane.

The PVDF membrane was soaked in a blocking
buffer (5% of non-fat dry milk) for 2 hr. The
membrane was incubated overnight with primary
mouse monoclonal ERK % at 4°C. Subsequently, the
membrane was incubated with HRP conjugated
anti-mouse secondary antibody (1:2200 dilution) for
4 hr. The membrane was washed with Tris-buffered
saline with Tween 20 (TBST) buffer (20 mM Tris pH
7.5, 150 mM NaCl, 0.1% Tween 20) for three times.
The bounded antibody was detected by using
chromogenic peroxidase substrate (Life technologies,
USA). Gel dot was used to measure band intensity.
The image was analysed by using Image] software.

Then, the membrane was washed with TBST for
3 hr before it was soaked with other antibody and
blocking buffer (5% of non-fat dry milk) for 2 hr.
The same step was repeated for another antibody,
namely, p-ERK (1:1000 dilution), BCL-2 (1:1000
dilution), Caspase-3 (1:1000 dilution), GAPDH
(1:5000 dilution). Whereas, GAPDH protein
expression was used as loading controls.

Molecular Docking Study
AutoDock 4.2 and AutoDock Tools (Morris et

al., 2009) were used to examine the nonbonding
interaction of the 3D-structure of human ERK?2 (PDB:

4FMQ) and Phosphorylated Map Kinase ERK2 (PDB:
2ERK) with R- and S-glycidol through molecular
dockingstudy (Araletal.,2012). The crystal structures
were downloaded from the RCSB PDB and prepared
for molecular docking in two steps. The protein data
bank (PDB) files (4FMQ and 2ERK) were separately
imported into AutoDock Tools (ADT), the graphical
user interface for AutoDock, as the first step. Water
molecules, ligands, and any associated molecules
were removed from the receptor (protein) structure
(PDB: 4FMQ and 2ERK) during this process. Next,
the receptor was prepared by adding missing
hydrogen atoms, residues, and charges. The R- and
S-glycidol structure were retrieved from PubChem
and the energy of the molecules was minimised for
optimal geometrical parameters for docking with
AutoDock 4.2. The best dock poses obtained from
docking simulations were used for visualisation
using Discovery Studio software (BIOVIA Discovery
Studio 2016).

Statistical Analysis

GraphPad Prism V was used to analyse cell
viability, ROS level and western blot analysis value.
One-way ANOVA analysis with Dunnet post-test
and two-way ANOVA with Bonferroni multiple
comparison test were used to determine significant
difference of cell viability and ROS at p<0.05 of the
treated HCT 116 with R- and S-glycidol. However,
unpaired t-test was used to determine significant
difference of protein expression in the treated human
colon, HCT 116 cell lines.

RESULTS

Cytotoxicity Effect of R- and S-glycidol on Vero
and HCT 116 Cell Lines

In order to determine the toxicity of R- and
S-glycidol, Alamar blue was performed on normal
and cancer cell lines. Figure 1 [i(a)]; [ii(a)]; [iii(a)];
{i(b)]; [ii(b)] and [iii(b)] shows percentage cell
viability of Vero and HCT 116 after treatment with
R-glycidol and S-glycidol. Based on our result, R-
and S-glycidol caused the inhibition of cell viability
at 24, 48 and 72 hr of the treatment for HCT 116 but
not for the Vero cells. R- and S-glycidol showed a
slight cytotoxicity effect on Vero cells persistent with
the increased time points. However, the inhibition
activity of treated HCT 116 cells were more cytotoxic
and prominent when the cells were exposed to R- and
S-glycidol at higher dose and time of the exposure,
suggesting that the cytotoxicity effect were dose
and time dependent. This interesting results on cell
viability of the treated Vero and HCT 116 cells has
proven the selectivity on cytotoxicity effects of R-
and S-glycidol exposure. Based on our findings, 50%
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Figure 1. Cytotoxicity effect of Vero and HCT 116 cells after 24 (1), 48 (2) and 72 (3) hr of treatment with R-glycidol (a) and S-glycidol (b).
The analysis was performed using GraphPad Prism V and one-way ANOVA analysis with Dunnet post-test were done. * indicates p<0.05,
** indicates p<0.01, *** indicates p<0.001 significant difference of the concentration towards the control.

of inhibition concentration (IC,)) values R-glycidol
of the treated HCT 116 cells were 5.0, 4.5 and 3.4
ug/mLat 24, 48 and 72 hr of treatment, respectively.
Whereas IC,, values of the treated HCT 116 cells
with S-glycidol were 4.8, 0.7 and 0.4 pug/mL at 24,
48 and 72 hr of treatment, respectively. Interestingly,
the exposure of R- and S-glycidol on Vero cells did
not exceed 50% of cell inhibition indicating that the
chemicals were less toxic to normal cells. Moreover,
the cell cytotoxicity effects of both chemicals have
shown similar trend of cells inhibition, suggesting
that the isomers of glycidols did not contribute
much on the cytotoxic effects.

Reactive Oxygen Species (ROS) Expression

In ROS level was determined to evaluate the
oxidative stress event after the exposure R- and

S-glycidol on HCT 116 cells. Figure 2a shows
significant increase at concentration of 10 mM of the
treatments compared to control at time points 6 and
24 hr, but other concentrations of R- and S-glycidol
treatments had negligible effect. The data suggested
that the highest concentration of R-glycidol (1.16
ug/mL) exposure resulted in significant increase
in ROS level of the treated HCT 116 cells, whereas
other concentrations of the treatment showed slight
increase in ROS level of the treated HCT 116 cells
with R- and S-glycidol, suggesting that oxidative
stress was expressed after the exposure of R-glycidol
to HCT 116 cells at 24 hr. Figure 2b shows significant
increase in ROS production after the treatment
with S-glycidol (1.16 pg/mL) compared to control.
However, other concentrations of the treatments
showed negligible effect. The data suggested that
the highest concentration of R- and S-glycidol may



JOURNAL OF OIL PALM RESEARCH

(a)

25+
—®— Control
- Fekedk == 1.16 ug/mL
B —A&— (0.116 pg/mL
2]
.5 —¥— 0.0116 pg/mL
g —€— 0.00116 pg/mL
C
§ -©- 0.000116 ug/mL
5 -8~ Positive control (H,0,)
1
30
Time point (hr)
(b)
10 -
_ Control
z o - 1.16 pg/mL
. ~A— 0.116 pg/mL
o
';:g 6- =¥ 0.0116 pg/mL
g —a —— 0.00116 yg/mL
o 4 -
é -©- 0.000116 ug/mL
] — -8 Positive control (H,0,)
*%k*
- Fodede *k*x
0 ! ‘ |
0 10 20 $0

Time point (hr)

Figure 2. ROS expression of HCT 116 cells after 24 hr treatment of (a) R-glycidol, and (b) S-glycidol. Two-way ANOVA with Bonferroni multiple
comparison test were done and * indicates p<0.05, ** indicates p<0.01, *** indicates p<0.001 significant difference of the concentration towards
the control.

induce significant increase in ROS level of the treated
HCT 116 cells. Whilst, the other concentrations
of the treatment of both chemicals showed slight
increase in ROS level in the treated HCT 116 cells,
suggesting that oxidative stress was expressed after
the exposure of R- and S-glycidol. We speculated
that oxidative stress might be the main cause of
the cytotoxic effect in the HCT 116 cells after the
exposure with R- and S-glycidol.

Western Blot Analysis of the Protein Expressions

ERK % is a protein in MAPK pathway that
may contribute to oxidative stress event in cells.
Furthermore, the expression of ERK % protein
(42 kD), p-ERK protein (43-55 kD), BCL-2 protein
(26 kD), Caspase-3 (35 kD) and GAPDH (36 kD)
using western blotting technique were done to
elucidate the mechanism in the cells. The expression
of ERK % protein (42 kD), p-ERK protein (43-55
kD), BCL-2 protein (26 kD), Caspase-3 (35 kD)
and GAPDH (36 kD) expression of the treated
HCT 116 cells with R- and S-glycidol at 24- and
48-hr treatments are shown in Figure 3a and 3b,

respectively. Protein bands were intensely expressed
on the PVDF membrane of the treated HCT 116 cells
with R- and S-glycidol (1.16 pug/mL) compared to
control at 24 and 48 hr of the exposure.

As shown in Figure 3¢, there was no significant
difference between the ERK % protein expression of
the treated HCT 116 cells with R-glycidol compared
to control after 24 hr of the treatment. However,
after 48 hr of exposure, HCT 116 treated with
R-glycidol showed a marginal decrease compared
to control with significant difference at p<0.05. On
the other hand, S-glycidol exposure to HCT 116
cells showed significant down regulation (p<0.01) at
48 hr exposure of the ERK % protein expression, but
the expression of ERK % protein at 24 hr showed no
significant difference, suggesting that the expression
of ERK % protein of R- and S-glycidol treatments
in HCT 116 cells took longer time of exposure to
show the effect. The p-ERK protein expression of
the treated HCT 116 cells with R- and S-glycidol
showed no significant difference compared to
control at 24 hr treatment, but at 48 hr treatment, it
showed significant decrease (p<0.01) (as shown in
Figure 3d). Interestingly, BCL-2 protein expression
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in Figure 3¢ was down-regulated compared with
the control with significant difference of p<0.05
at 48 hr but no significance at 24 hr after R- and
S-glycidol exposure. This finding suggested that
pro-apoptotic event might occur during 48 hr of the
exposure. However, caspase-3 protein expression of
the HCT 116 cells showed no significant difference
compared to control after the treatment with free
R-glycidol at 24 hr and 48 hr (Figure 3f). Whereas
caspase-3 protein expression of the treated HCT 116
cells with free S-glycidol was significantly down-
regulated (p<0.001) compared to the control at 48 hr
of exposure but no significance at 24 hr of S-glycidol
exposure. This finding suggested that cell death
induced by R-glycidol was caspase-3 independent.
Relative density ratio of p-ERK and ERK
% and proteins was calculated to assess the
phosphorylation event of ERK. The results in Figure
4a and 4b indicate that the relative density ratio
p-ERK/ERK % of the HCT 116 cells treated with
R-glycidol was significantly lower than the control
at 48 hr of exposure but not significant at 24 hr of
exposure. Meanwhile, relative density ratio p-ERK/
ERK % of the HCT 116 cells treated with S-glycidol
(Figure 4c and 4d) showed no significant difference
at both 24 and 48 hr of the exposure. The findings
suggest that the cytotoxicity and oxidative stress in
the treated cells with R-glycidol were likely due to
phosphorylation event of ERK protein.

Molecular Docking Analysis

In silico study was conducted to support protein
expression data, and the molecular docking result
showed an interaction between R- and S-glycidol
(Figure 5(c,d); Figure 6(c,d)) and ERK2 (Figure 5a)
and phosphorylated Map Kinase ERK2 (Figure 6a)
protein receptor. A molecular docking simulation
involving two receptors (PDB: 4FMQ and 2ERK) and
two compounds (R- and S-glycidol) was performed
using AutoDock 4.2. The top four docking poses in
this simulation were selected based on their binding
energies, which ranged from -3.42 to -4.0 kcal /mol.
These selected poses were further investigated in
Discovery Studio to investigate the interactions of
R- and S-glycidol with the 3D structures of the
human ERK2 protein (PDB: 4FMQ) and pERK2
(PDB: 2ERK). The results are shown in Figure 5 and 6.
In Figure 5(de), the active amino acid residues
form a cavity that resembles a sphere around the
molecule. The presence of glycidol is close to the
hydrophobic and hydrophilic radicals, leading to
different secondary forces, such as Van der Waals
contacts and hydrogen bonding. This hydrophobic
contact, hydrogen bonding and Van der Waals
forces contribute in the binding interaction between
chemical compounds and active amino residues of
the receptor. R- and S-glycidol formed two hydrogen
bonds with MET108 and ASP106 with distances of

1.62276-2.30747 A, as well as Van der Waals contacts
with the amino acid residues LEU017, ALA52,
LEU156, ILE84 and GLN105 as represented in Figures
5 (h, i). These binding interactions allow the drug
to connect closely with the receptor, inhibiting the
activity of the cells in the system. The hydrophobic
receptor residues involved in interactions with
compounds, such as LEU, ILE, and ALA, as well
as the hydrophilic amino acid GLN, provide extra
strength inside the active pocket. This condition
allows for a better mutual relationship between
the ligand and the receptor, paving the way for
inhibitory drug development. The binding details
and bond lengths achieved through molecular
docking are shown in Table 1. Docking analysis
(Table 1) revealed that R- and S-glycidol interacted
with the protein in the best possible orientation to
stabilise the structures by making close contact
with the receptor cavities. As a result, at their best
docked positions, both compounds exhibit similar
interactions ~and approximately similar binding
energies, culminating in similar inhibition activities
in experimental studies for both compounds (R- and
S-glycidol).

DISCUSSION

A study by Abraham et al. (2011), indicated that
different isomers may provide different effects, and
the induction mechanism in human cells should
be studied. Two enantiomers from same chemical
composition that has different chirality could react
differently in biochemical process or biological
reaction of cells (Fanali et al., 2019). At the low
concentration less than 5 pug/mL of glycidol, it did
not show any toxicity effects on Chinese hamster
ovary (CHO) cells as the cell toxicity treated with
glycidol never exceeded more than 8% in CHO as
measured by trypan blue dye exclusion (El Ramy
et al., 2007). Based on our findings, IC,, values of
cell viability of treated HCT 116 cells with R- and
S-glycidol at 24, 48 and 72 hr were 5.0, 45, 3.4
ug/mL and 4.8, 0.7, 0.4 ug/mL, respectively. This
result has shown that the cytotoxicity effect of both
glycidols are dose and time dependant. Our finding
is supported by Senyildiz et al. (2017), who stated
that cytotoxicity of glycidols and 3-MCPD were
dose and time dependant. Ozcagli et al. (2016) found
that 3-MCPD, glycidol and p-chlorolactic acid also
reduced the cell viability of human embryonic
kidney cells (HEK-293) and kidney epithelial cell
lines (NRK-52E) at 24 hr treatment by using MTT
assay. Furthermore, Liu et al. (2021) indicated that
glycidol at different doses of treatments using NRK-
52E cells induced a significant cytotoxicity effect in a
dose and time dependent.

The glycidol induce ROS by damaging DNA
and proteins in the cells as the epoxide group of the
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TABLE 1. THE BINDING OF R- AND S-GLYCIDOL WITH RECEPTORS (PDB: 4FMQ AND 2ERK) RESULTED FROM

MOLECULAR DOCKING WITH THEIR MODE OF BINDING

Receptor R-glycidol S-glycidol
HB Distance Nature of interaction HB Distance Nature of interaction
(A°) (A°)
Human ERK2 complexed with 1.64289 MET108:R-Lig (HB) 1.62276 MET108:S-Lig (HB)
a MAPK (PDB: 4FMQ) 2.21280 S-Lig:ASP106 (HB) 2.08040 S-Lig:ASP106 (HB)
LEU107-R-Lig (vdW) LEU107-S-Lig (vdW)
LEU156-R-Lig (vdW) LEU156-S-Lig (vdW)
ALA52-R-Lig (vdW) ALA52-S-Lig (vdW)
ILE84-R-Lig (vdW) ILE84-S-Lig (vdW)
GLN105-R-Lig (CHB) GLN105-S-Lig (vdW)
Phosphorylate-Map Kinase 1.89862 TYR34:R-Lig (HB) 1.96735 TYR34:S-Lig (HB)
ERK2 (PDB:2ERK) 1.77878 ALA33:R-Lig (HB) 2.40056 ALA33:S-Lig (HB)
1.94482 R-Lig:GLU69 (HB) 1.88987 S-Lig:GLU69 (HB)

GLY35-R-Lig (vdW)
GLY32-R-Lig (vdW)
ILE54-R-Lig (vdW)
LYS52-R-Lig (vdW)
LYS53-R-Lig (CHB)

GLY35-5-Lig (vdW)
GLY32-S-Lig (vdW)
ILE54-S-Lig (vdW)
LYS52-S-Lig (vdW)
LYS53-S-Lig (vdW)

Note: HD-hydrogen bond; vdW-Van der Waals forces; CHB-carbon hydrogen bond; S-Lig-S-glycidol; R-Lig-S-glycidol.

glycidol may react with the macromolecules in the
cells (Sevim et al., 2021). The epoxide group of the
glycidol have the ability to react with the nucleophilic
biomolecules such as protein in the cells that may
triggers ROS production (Inagaki et al., 2019). ROS
level of treated 116 cells with R- and S-glycidol
(Figure 2) had shown that both chemicals are able
to induce oxidative stress. This may be due to ROS
levels have been found to be elevated in almost
all cancers, promoting several aspects of tumour
formation and progression (Liou and Storz, 2010).
The increase in ROS production (oxidative stress)
might mediate changes in the biological response that
cause cell and tissue damage (NavaneethaKrishnan
et al., 2019; Pizzino et al., 2017; Snezhkina et al., 2019).
In addition, the oxidative stress event may cause
the induction of mitochondrial cytochrome C which
triggered by the ROS (Ji et al., 2017). Our results also
supported by Mossoba et al. (2020) who reported
that HK-2 cells that were treated with 3-MCPD and
its esters have shown slightly increased in ROS
levels with the increasing concentrations of the
treatment. ROS are a typical by product of oxidative
energy metabolism and are thought to have a role in
various intracellular signalling pathways, including
the MAPK pathway (Rezatabar et al, 2019).
According to Circu and Aw (2010), concentrations of
compound are the most important factors that affect
ROS production because it is a product of normal
metabolism during xenobiotic exposure. Increasing
ROS production can occur when mutation in
mitochondrial genes is observed (Redza-Dutordoir
and Averill-Bates, 2016). The formation of superoxide
can occur when the electron transfer is inhibited
along the electron transport chain (ETC). Thus,
this radical yielding hydrogen peroxide (H,0,) by

diffusion into cell nucleus and DNA attack leads to
the genetic instability (Schumacker, 2006). At low
level, ROS can function as redox messenger in most
intracellular signalling. Otherwise, excessive or high
production of ROS would induce oxidative stress of
cellular macromolecules that might inhibit protein
function and promote cell death that could lead to
DNA damage, apoptosis and cancer development
(Fu et al., 2014).

The results in Figure 3 showed that high
concentration of R- and S-glycidol compound
affected protein expressions of ERK %5, p-ERK, BCL-2
and caspase-3. This effect was due to phosphorylation
event of ERK % that might be responsible in inducing
oxidative stress and further led to cell death (Liou
and Storz, 2010). Furthermore, docking results
(Figure 5 and 6) shows that R- and S-glycidol have
similar interactions and relatively similar binding
energies, resulting in similar inhibition activities of
ERK %, p-ERK proteins after the treatment with both
compounds. We speculated that the down regulation
of ERK % and p-ERK protein expression for HCT
116 cells treated with both R- and S-glycidol might
activate the phosphorylation event of ERK protein
(Figure 4) when ROS is elevated (Figure 2), thereby
leading to oxidative stress that may contribute to
cytotoxic effect. The cell death mechanism of R- and
S-glycidol is shown in Figure 7. As in human cells,
the Raf/MEK/ERK module was activated through
MAPK pathway as shown in Figure 7. R- and
S-glycidol potentially induce the production of ROS
by triggering the MAPK pathway that involves ERK
%5, p-ERK, BCL-2 and caspase-3. In the nucleus, DNA
alteration occur as the phosphorylated ERK and
BCL-2 were activated that might lead to the DNA
damage and cell death. ERK Y2 requires simultaneous
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Figure 7. Schematic diagram of cell death mechanism after treatment
with R- and S-glycidol in HCT 116 cells.

phosphorylation at conserved threonine (Thr) and
tyrosine (Tyr) residues to be fully activated. As the
result of the phosphorylation event, the ERK %2
kinase protein undergoes conformational changes,
domain rotation and remodelling which allowing
substrates to bind and be phosphorylated by ERK 2
kinase (Takahashi et al., 2012).

Caspase-mediated intrinsic signalling system,
which is mostly regulated by the BCL-2 family of
intracellular proteins, or an extrinsic signalling
pathway, which is primarily regulated by the tumour
necrosis factor (TNF) receptor family, can both cause
apoptosis (Lu et al., 2020). Apoptosis dysregulation
is linked to uncontrolled <cell proliferation, cell
growth, and cancer development (Takahashi et
al., 2012). Based on our findings, BCL-2 protein
expression for both R- and S-glycidol were down
regulated as the time exposure increased (Figure 3).
We postulated that the down regulation of BCL 2
contributes to cell death of treated HCT 116 cells
after R- and S-glycidol treatments. According to
Ji et al. (2017), the decreasing BCL-2 protein
expression after exposure of 3-MCPD resulted in
activation of mitochondrial apoptosis pathway.
In order to prove whether early apoptotic event
occurred or not, caspase-3 protein expression was
conducted and caspase-3 protein expression showed
no significant difference compared to control after
treated with R- and S-glycidol in the HCT 116 cells
(Figure 3). This event suggested that induction of cell
death by R- and S-glycidol in the treated HCT 116

cells was caspase independent. A study by Kim et
al. (2021), indicated that cytotoxic effects on human
lung cells after treated with mercury chloride
(HgCl,), subsequently leading to the cell death via
caspase-3 independent pathway. Previous studies
also indicated that cell death eventin various types of
cells (in vitro) which mediated cell death via caspase-3
independent (Cregan et al., 2013; Mallepogu et al.,
2017; Nowak et al., 2020). In addition, glycidol has an
ability to induce immunoreactivity which may lead
to the apoptosis in the Albino rat brain cells (Sevim
et al., 2021). Furthermore, epoxide functional group
in the chemical structure of metabolites (chemicals
undergo xenobiotic metabolism) has high reactivity
that was proven to promote high toxicity than the
parent compound (Obach and Kalgutkar, 2010). The
epoxide of the glycidol was believed the cause of
DNA damage in human cells that mediated cell death
(Liu et al., 2021). The free glycidol was discovered
to induce cell cycle arrest and apoptosis event with
the involvement MAPK. RAS/RAF/MEK/ERK
proteins are proteins in MAPK pathway, which are
the most common proteins in cancer cell biology
especially in oxidative stress event of the cancer cells
(De Lucaetal., 2012). McCubrey et al. (2012), reported
that activated ERK % S/T kinases phosphorylated
and activated various substrates, and this pathway
was involved in cancer development. Furthermore,
ERK MAPK overexpression and activation have a
role in the proliferation and progression of cancer
cells development (Fang and Richardson, 2005).
RAS protein or originally known as Rat Sarcoma
Virus (RAS) protein can be found in human.
The RAS protein mediates the ERK pathway,
which subsequently activates rapidly accelerated
fibrosarcoma 1 (RAF1), triggering a cascade
involving MEK and then ERK activation, which
was involved in the pathogenesis, progression, and
oncogenic behaviour of human colorectal cancer
(Fang and Richardson, 2005; Rezatabar et al., 2019).
Nappi et al. (2020) and Vidri and Fitzgerald (2020)
have stated that the function of enhanced signalling
in colorectal cancer through the Ras/Raf/MEK/
ERK has become one of the prominent pathway to
investigate the cytotoxicity and oncogenic events
of xenobiotic such as glycidols in human cells (as
provided in Figure 7).

CONCLUSION

R- and S-glycidol compounds were found less toxic
to Vero (normal cells) but it induces cell death in
HCT 116 cells. The cytotoxic event of the chemicals
has proven that it was due to phosphorylation of
ERK % proteins that may activate MAPK pathway
which activated ROS production and leads to
oxidative stress. Furthermore, the docking study
showed that the interactions between glycidol and
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the 3D-structure of human ERK2 predominantly
include hydrogen bonds, Van der Waals interactions
and hydrophobic contacts with amino acids,
leading to the formation of binding pockets and the
stabilisation of protein-ligand complex to support
the down regulation event of ERK % and p-ERK
proteins. In this study, toxicological effects of R- and
S-glycidol were investigated. This finding has shown
the similarity of cell death mechanism of treated
HCT 116 cells after the exposure of R- and S-glycidol
compounds. However, further investigation should
be carried out to elucidate toxicological effects of
lower dose R-glycidol and S-glycidol in in vivo study
for further safety evaluation.
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