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ABSTRACT

Background: Colon cancer is the third leading cause of cancerrelated
deaths globally. Despite advances in systemic therapies, colorectal cancer
still remains one of the foremost challenges due to high mortality rate.
Objectives: In this current investigation, we observed the anticancer and
proapoptotic potentials of ferruginol (FGL) in human colon cancer (HCT-116)
cells. Materials and Methods: \Ve recognized that the potentials of FGL
against cell viability in HCT-116 cells were determined by MTT assay.
Production of reactive oxygen species (ROS), status of mitochondrial
membrane potential (MMP), catalase (CAT), superoxide dismutase (SOD),
diminished  glutathione  (GSH), and thiobarbituric  acid-reactive
substances (TBARS) were also evaluated. In addition, apoptotic protein
expressions such as bax, caspase-9, cytochrome-c, Bcl-2, and caspase-3
were assessed through Western blotting analysis. Results: Our findings
showed that FGL induced apoptosis as confirmed through the thrashing
of cell viability, improved ROS formation and TBARS, and decreased
antioxidants (SOD, CAT, and GSH) and MMP in HCT-116 cells. Further, the
proapoptotic role of FGL was downregulated the Bcl-2 expression, whereas
improved caspase-9, Bax, caspase-3, and cytochrome-c expressions in
HCT-116 cells. Conclusion: Therefore, FGL stimulates apoptosis in HCT-116
cells through triggering oxidative damage and mitochondrial-mediated
apoptotic pathway.

Key words: Antioxidants, apoptosis, colon cancer, ferruginol, HCT-116
cells, reactive oygen species

SUMMARY

e The mortality rate from colon cancer has dramatically reduced over the years
due to the early diagnosis, effective treatment, and diet

e Ferruginol (FGL) has been considered among such natural remedial
agents. FGL, a bio-active compound derived from the Persea nubigena and
Podocarpus andina

INTRODUCTION

Colon cancer is the third most common cancer detected in women
and men, which is fourth frequent cause of cancer-associated deaths
globally."! The death rate from colon cancer has intensely reduced in
the past 20 years due to the early detection, more successful treatments,
and diet. The colon cancer was diagnosed highly in nowadays due to
the prevalent availability of colonoscopy. As per the World Health
Organization, in 2018, the 1.8 million new incidences of colon cancer
were predictable and 0.86 million victims were died worldwide.?
Nearly, 70% of colon cancer incidence was sporadic cases in which were
influenced by numerous environmental factors and daily life habits such
as smoking, dietary habits, excessive alcohol consumption, and loss
of physical activity. About 25% of colon cancer victims have a genetic
predisposition, and 5% of victims has inherited factors linked to the
cancer progression.® It is familiar that a high intake of phytochemicals
predominant in vegetables and fruits considerably reduces the risk of
different chronic ailments such as diabetes,*! coronary heart disease,”’
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e FGL activates the apoptosis through a mitochondrial-mediated pathway
during the suppression of Bcl-2, whereas improved caspase-3, cytochrome-c,
Bax, and caspase-9 expressions in HCT-116 cells.
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Abbreviations used: FGL: Ferruginol; ROS: Reactive oxygen species;
MMP: Mitochondrial membrane potential; SOD: Superoxide dismutase;
CAT. Catalase; GSH: Glutathione; TBARS: Thiobarbituric acid reactive
substances; DOX: Doxorubicin; FCS: Fetal calf
serum; DMEM: Dulbecco’'s modified Eagle's
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and carcinogenesis.”’ Medicinal herbs were considered to curing a
range of ailments and have an extended history of established beneficial
assistance. Because of the deprived alertness against presently existing
chemotherapeutic agents and their harmful outcomes, the healing of
colon cancer needs the natural beneficial agents.”

Phytochemicals were received growing interests for the cancer
management because of their structural intricacy, inborn biological
function, affordability, chemical diversity, effortless accessibility,
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less toxic outcomes, capacity to alter a range of signal transduction
cascades, and cell mechanisms.®) Numerous natural compounds
have been earlier examined against human colon cancer cells such as
nobiletin,” stevioside,"” and arctigenin."! Herbs are well recognized
for their therapeutic benefits because of the occurrence of natural
phytocomponents. Ferruginol (FGL) was considered among such
natural remedial agents. FGL is a bioactive compound derived from
the Persea nubigena and Podocarpus andina (Podocarpaceae). FGL is
a abietane diterpene that occurs in plants that belongs to the families
of Cupressaceae, Podocarpaceae, Verbenaceae, and Lamiaceae. FGL
has exposed hopeful therapeutic properties such as antibacterial,
antifungal,™  miticidal,™®  antiplasmodial,'  cardioactive,"!
antiulcerogenic,"® and antioxidative!'”! properties.

Apoptosis is a programmed cell death, which sustains the cellular
equilibrium. If this stability is concerned, it may eventually lead to
unrestrained cell growth and division. Therefore, the invention of
promising anticancer drugs, mostly aims on apoptosis-triggering
agents through different cascades. The extreme reactive oxygen
species (ROS)-mediated cascade is regarded as an well-known molecular
pathway that arbitrating to apoptosis. Normal cells susceptible to
generate ROS continuously that is neutralized through the availability
of antioxidant enzymes.'” Equally, if ROS formation surpasses the
limit, it results in the condition of oxidative stress. Such circumstances
of oxidative stress can result in different illnesses such as cancer.?”!
ROS controls numerous signaling cascades that are concerned in a
typical performance of cells. Thus, modified ROS statuses can show
the way to diminished functioning of the cellular mechanisms. The
mitochondrial-regulated pathway is a well-explored signaling cascade
controlled by ROS.'! Although the function of FGL triggering
mitochondrial-regulated apoptosis in human colon cancer cells remains
unidentified. Thus, the current investigation intended to expose the
mitochondrial-mediated apoptotic cascade of the FGL on HCT-116 cells.

MATERIALS AND METHODS

Chemicals

FGL and doxorubicin (DOX) were purchased from Sigma-Aldrich,
USA. The phosphate buffer solution (PBS), Dimethyl sulfoxide (DMSO),
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
Dulbeccos Modified Eagles Medium (DMEM), glutathione (GSH),
and FBS were purchased from HiMedia Laboratory, USA. The primary
antibodies for Bax, caspase-9, cytochrome-c, Bcl-2, caspase-3, and
[-actin were attained from SantaCruz Biotechnology (SantaCruz, CA,
USA). All other chemicals were employed of diagnostic range.

Cell culture

Human colon cancer (HCT-116) cells were obtained and sustained
at 37°C with a moistened ambiance of 5% CO,. HCT-116 cells were
seeded in DMEM including with streptomycin (100 pg/mL), penicillin
(100 U/mL), and 10% heat-inactivated fetal calf serum. DOX has been
utilized as control.

Cell viability assay

The cytotoxic potential of FGL to the HCT-116 cells was evaluated
through the MTT test.”!! The cells were added with FGL at numerous
dosages (5, 10, 15, 20, 25, and 30 uM). Later than, 48 h, 50 uL of MTT
(2 mg/mL) was treated to every well to take an entire reaction quantity of
200 uL. Later than 4 h incubation, the developed formazan crystals that
occur in every well were liquefied through mixing of 150 uL of DMSO,
and finally absorbance at 540 nm was resoluted on a scanning multiwell
plate reader.
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Mitochondrial reactive oxygen species
measurement

The intracellular ROS accretion was determined in HCT-116 cells
through the dichloro-dihydro-fluorescein diacetate (DCFH-DA)
staining.”?! The DCFH-DA is an cell permeable non-fluorescent stain,
which was utilized as a substrate for an quantity of intracellular ROS
accretion status. After supplementing with diverse amounts (5 and 10
uM) of FGL, the DCFH-DA (10 uM) was introduced for 30 min (37°C)
to stain the cells. The treated cells were examined at an wavelength of
485/535 nm in a microplate reader.

Detection of mitochondrial membrane potential

The alteration of mitochondrial membrane potential (MMP) was done
as per the previously mentioned method.™! Briefly, the cells were
supplemented with diverse dosages of FGL (5 and 10 uM) and DOX for
18 h, were cleansed and suspended in chilled PBS. The 10 mM of Rh-123
was introduced to about 1 x 10° cells for 30 min at 37°C and then rinsed
two times with PBS. The MMP was investigated beneath the floid cell
imaging station (Invitrogen, USA) and determined at 485/530 nm in an
spectrofluorometer (Schimadzu, USA).

Assays of antioxidants and lipid peroxidation status

HCT-116 cells were cultured in a cell culture plate at 1 x 10° cells/mL
population and at 16 h later culturing cells were added with FGL (5
and 10 pM) and DOX and incubated. After incubation, the icy PBS
was introduced to the cells for cleansing. Gathered cells were added in
PBS (10 mM, pH-7.5) and lysed in ice through sonicating two times
for 15 s. TritonX-100 buffer (1%) was amalgamated to lysates then kept
for 10 min on ice, and then it was separated through centrifugation
at 5000 x g for 10 min at 4°C to take out cellular remains, and the
supernatant was analyzed for oxidative parameters. The status of
catalase (CAT) was assessed through the method of Sinha.?* GSH
quantities were analyzed through the method of Ellman.?! The
thiobarbituric acid reactive substances (TBARS) concentrations were
analyzed through the approach.? The superoxide dismutase (SOD)
function was assessed through the approach.”

Western blot analysis

Gathered HCT-116 cells were lysed on ice for 30 min along with the
addition of 100 uL of lysis buffer and centrifuged at 13,000 x g for 15 min.
The upper phase was removed from the lysates and protein status was
measured. Lysate (50 pg of protein) was heated (5 min), electrophoresed
on sodium dodecyl sulphate-polyacrylamide gel (10%), and translocated
into nitrocellulose membranes that were subsequently introduced with
primary antibodies such as cytochrome-c, Bax, caspase-3, Bcl-2, and
caspase-9 (SantaCruz Biotechnology, USA) at 4°C for overnight. Then,
membranes were incubated with secondary antibodies. The formed
protein bands were observed through an improved chemiluminescence
kit (Amersham, Little Chalfont, Buckinghamshire, UK).

Statistics

The result was characterized as mean * standard deviation. Statistical
examination was implemented in the Graphpad Prism-8 tool (San
Diego, CA, USA) using ANOVA later post hoc Tukey’s assessment. The
variations were evaluated as significant at P < 0.05.

RESULTS

Cytotoxic effect of ferruginol in HCT-116 cells

The cytotoxicity of FGL to the cell viability of HCT-116 cells was
investigated using the MTT assay and IC, (50% growth inhibitory
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concentration) level was also measured. As shown in Figure 1, the
cell viability was inhibited by FGL (5, 10, 15, 20, 25, and 30 uM) in a
dose-dependent manner. Among the tested concentrations, 5 and 10 uM
of FGL was selected for further investigations.

Effect of ferruginol on reactive oxygen species
staining

HCT-116 human colon cancer cells exposed to FGL revealed the
augmented ROS generation as confirmation by the improved DCF
fluorescence strength [Figure 2]. In this investigation, FGL (5 and 10 uM)
exposure significantly improved ROS production level in HCT-116 cell
line in a dose-dependent manner. DOX, a positive control drug-treated
cancer cells, wase also greatly enhanced ROS as evaluated with
FGL-treated cells.

Effect of ferruginol on mitochondrial membrane

potential staining

One of the promising processes involved in an apoptosis of HCT-116
cells induced by FGL was the loss of MMP [Figure 3]. The MMP was
measured by rhodamine-123 fluorescence intensity. In this investigation,
the control cells exemplified improved level of MMP, whereas FGL
(5 and 10 pM) treatment depleted of MMP in HCT-116 cell lines.
DOX, a positive control drug-treated cancer cells, was also significantly
reduced MMP as evaluated with FGL-treated cells.

s
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Cell viability (% of control)

Figure 1:The cytotoxic effect of ferruginol on HCT-116 cells was measured
by MTT assay

Effect of ferruginol on antioxidant lipid

peroxidation status

The level of lipid peroxidation (TBARS) and antioxidants (CAT, SOD,
and GSH) in control and FGL supplemented HCT-116 cells were shown
in Figure 4. Control cells showed decreased status of TBARS as well
as augmented antioxidants status in HCT-116 human colon cancer
cells. Conversely, we recognized that increased status of TBARS and
weakened functions of antioxidants in the FGL (5 and 10 uM) and DOX
administered HCT-116 cells.

Effect of ferruginol on the Western blotting protein
expression of apoptosis markers

We assessed that the apoptosis linked proteins (caspase-9, cytochrome,
caspase-3, Bax, and Bcl-2) expressions in HCT-116 cells. The
findings of Western blot analysis established that FGL (5 and 10 uM)
treatment decreased Bcl-2 expression and augmented the expression
of Bax, caspase-3, cytochrome-c, and caspase-9 on HCT-116 cells in
a dose-reliant mode. In addition, DOX treatment also stimulated the
better activation of apoptosis compared to the FGL [Figure 5].

DISCUSSION

The cell viability of the cancer cells was reduced with enhance in
concentration of the anticancer drugs. It proposes the capability of
the drugs as a successful anticancer medicine.”® As per the earlier
investigations, the supplementation of FGL in SK-Mel-28 cells results in
reduced cell growth and augmented cytotoxicity using the MTT assay.*!
ROS is the mostly generated through mitochondria and performs as an
secondary messenger for different cellular functions such as apoptosis
and cell multiplication. However, the definite function of ROS remains
unidentified, it can be implied that the continuous formation and
elimination are essential to uphold and control the physiological stability
of cells.’ Elevated level of ROS has been exposed to be related with the
lowering of the MMP.®! In the current investigation, we observed high
levels of ROS formation and reduced MMP in dose reliantly following to
FGL supplementation, signifying that apoptosis was activated through
a prominent ROS status in HCT116 cells. As reported earlier, the FGL
improved the generation of ROS and decreased MMP in thyroid cancer
cell line MDA-T32.5

ROS was recognized as formed from the responses of escaped
electrons along with oxygen beneath different systems containing lipid
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Figure 2: The effect of ferruginol on intracellular reactive oxygen species formation was determined with HCT-116 cells using DCFH-DA. The data represent
mean + standard deviation of triplicate, *P < 0.05 as compared with the control group
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Figure 3:The effect of ferruginol on mitochondrial membrane potential status was analyzed with HCT-116 cells using the rhodamine-123.The data represent
mean + standard deviation of triplicate, *P < 0.05 as compared with the control group
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Figure 4: Effects of ferruginol increased lipid peroxidation and
modulate cellular antioxidant status in HCT-116 cells. The data represent
mean = standard deviation of triplicate, *P < 0.05 as compared with the
control group. Superoxide dismutase-enzyme concentration required for
50% inhibition of nitroblue tetrazolium reductionin 1 min. glutathione-mg/
dI. Catalase-mmol of hydrogen peroxide consumed per minute

peroxidation. Lipid peroxidation is an multifaceted procedure in that
the primary developed lipid radicals are transformed to TBARS.®*! FGL
treatment increased the levels of TBARS in HCT-116 cells were observed
in this study. In this examination, antioxidant protection is a crucial device
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Figure 5:The anticancer effect of ferruginol of apoptotic signaling proteins
in HCT-116 cell lines was investigated by Western blotting method. The
cells were treated with ferruginol (5 and 10 uM) and doxorubicin for 24 h
and the expressions of Bcl-2, Bax, caspase-3, cytochrome-c, and caspase-9
were analyzed. 3-actin was used as a loading control. The data represent
mean + standard deviation of triplicate, *P < 0.05 as compared with the
control group

to deactivate the oxygen-free radicals regulated tissue damage.*!! Free
radical hunting enzymes such as CAT, SOD, and GSH are the primary
line to protect the cells toward the oxidative damage, decomposed O, and
H, 0, before their relations to develop the most reactive hydroxyl radlcals
FGL suggestively reduced the functions of SOD, CAT, and GSH in
HCT-116 cells. Previously reported that Dasyatis sephen venom increased
TBARS and decreased antioxidants on HeLa cell lines."!
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Figure 6: A schematic drawing proposed molecular mechanism
and the overall possible signaling pathways for ferruginol-induced
mitochondrial-mediated apoptosis in HCT-116 colon cancer cells

Bcl-2 protein is made up of diverse components that perform an
imperative function in the apoptosis mediation. We observed that
FGL triggered augmented Bax and diminished Bcl-2 expressions. This
outcome concurs with a number of preceding investigations representing
the mediation of Bcl-2 are implicated in the apoptotic mechanisms.*7!
Protein cleavage may be stimulated by the induction of caspases that
arbitrates to apoptosis. Caspase stimulation may take place by any one of
the following two routes: (i) through the induction of death receptors in
the surface of cells that trigger the upstream of caspase-8 and subsequently
leads to the stimulation of the downstream of caspase-3 and-7; or (ii) by
the mitochondria, through the discharge of cytochrome-c that triggers the
apoptotic protease like apoptotic protease-activating factor-1, resulting
to the caspase-9 induction.® Therefore, the improved concentration
of caspase-9, cytochrome-c, and caspase-3 subsequent to the FGL
supplement also confirmed the contribution of a mitochondrial-regulated
intrinsic apoptotic cascade in the current investigation. In recent time, Ho
et al.® revealed that FGL can trigger the apoptosis in lung cancer cells.
Likewise, Xiong et al.*" also reported that FGL-activated apoptosis leads
to cell death of ovarian cancer cells.

CONCLUSION

The present investigation concluded that FGL is capable of acting
antitumor effect in HCT-116 cells through the loss of cell viability,
improved ROS, lipid peroxidation, decreased MMP, and antioxidant
enzymes. In this manner, FGL activates the apoptosis through a
mitochondrial-mediated pathway during the suppression of Bcl-2,
whereas improved caspase-3, cytochrome-c, Bax, and caspase-9
expressions in HCT-116 cells. Overall, a possible mechanism of
FGL-induced apoptosis was shown in Figure 6, and it has been used for
the treatment of colon cancer as an anticancer drug. However, further

248

research needed in future to clarify the precise mechanisms of FGL
against the colon cancer.
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