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Abstract

Cancer is a disease characterized by uncontrolled cell
proliferation and metastasis that has significant health
and social impact. Currently, available anticancer
therapies are not sufficiently effective and development
of novel therapeutic agents and treatment strategies is
urgently needed. The present study aims to investigate
the in vitro anticancer activity and the underlying
mechanisms of ferulic acid (FA) against human HelLa
cells. Ferulic acid (4-hydroxy-3-methoxycinnamic
acid), a phenolic compound, which is abundant in
vegetables and fruits, has been reported to exert
numerous pharmacologic activities. The presented
data showed that FA inhibited the cell proliferation in
a dose- and time-dependent manner. Moreover, FA
induced cytopathic alterations in HeLa cells and cell
death were characterized by morphology and
chromatin condensation changes, of a typical
apoptosis.

These findings suggested that FA could effectively act
as anticancer agent causing death of HeLa tumor cells
by induction of apoptosis and provide the possibility for
future development of chemotherapeutics for treatment
of cervical carcinoma.
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Introduction

Dysregulation in cell proliferation and apoptosis is the
hallmark of cancer development ® 2°, Apoptosis is a process
by which cells undergo programmed cell death under certain
physiological or pathological conditions . Cell signaling
pathways regulating proliferation, differentiation and
apoptosis have a profound effect on the progression of
cancer and therefore are targeted by many antitumor
therapeutics 7 1128, The majority of anticancer drugs and
chemopreventive agents restrain the promotion and
progression of tumors through induction of apoptosis 1 34
3, Recently, researchers have focused on screening of
natural compounds that are able to induce apoptosis in tumor
cells and could be used as novel anticancer agents with less
unwanted side effects.

Ferulic acid is a phytoconstituent that exhibits diverse
pharmacological and biochemical effects including

antioxidant, anti-inflammatory, hepatoprotective,
antidiabetic, immune-enhancing activity, anticancer and
pro-apoptotic properties and has applications in food
preservation,31517.182027.32334142 - A number of in vitro
studies indicated that ferulic acid inhibits proliferation,
suppresses migratory ability and induces apoptosis in wide
variety of tumor cells including mammary carcinoma3?#1,
colon carcinoma!, pancreatic carcinoma®, lung
carcinoma??,  urinary  bladder  carcinoma® and
osteosarcoma®#°, In animal experiments, ferulic acid was
found to exert protective effect on chemically-induced skin
and oral carcinogenesis?® and to suppress the tumor growth
in pancreatic and mammary xenograft models3>41,

The aim of this study is to assess the in vitro anticancer
effects of ferulic acid against human cervical carcinoma cells
HeLa and to understand more about the underlying
mechanisms of the antineoplastic activity.

Material and Methods

Ferulic acid: Ferulic acid was obtained from Sigma-Aldrich
(St. Louis, MO, USA), FA (CioH1004, MW 194.18, purity
99%). The compound was dissolved in DMSO and further
diluted with sterile distilled water to obtain stock solution
with a concentration of 40 mM. Working solutions of FA (8
mM; 4 mM; 2 mM; 1 mM and 0.5 mM) were prepared from
the stock solution by dilution with complete culture medium.
The DMSO concentration of the solutions used in the
experiments did not exceed 0.5%.

Cell culture: A HelLa cell line was cultured at 37 °C in a
humidified atmosphere with 5% CO, and maintained in
DMEM medium supplemented with 10% foetal bovine
serum, penicillin (100 U/ml) and streptomycin (100 pg/ml)
(Gibco-BRL).

Cell viability assay: To assess cell growth inhibition, a 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) test was used 24, Briefly, cells at a cell density of 10*
cells in 100uL medium /well were seeded in a 96-well plate
and incubated overnight. Various concentrations of ferulic
acid were added to the cells and incubated for 24 h, 48 h and
72 h. Control HelLa cells were incubated with culture
medium only. After exposure of the cells to different ferulic
acid concentrations, the medium was removed and the cells
were incubated with MTT (Sigma Chemical Co., St Louis,
MO) (0.5 mg/ml in PBS) for 4 h.

A lysing buffer (DMSO:Ethanol v:v 1:1) was used to
dissolve the formazan crystals. Optical density was
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measured at 540 nm using an ELISA reader (TECAN,
Sunrise  TM, Groedig/Salzburg, Austria). A reference
wavelength used in this study was 620 nm. The production
of formazan dye was proportional to the number of viable
cells.

Light microscopy: In order to investigate the effects on cell
morphology, HelLa cells treated with ferulic acid in
concentrations ranging from 0.5mM to 8mM were daily
examined under inverted microscope (Olympus) and
photographs were taken at the 72" hour of treatment.

Fluorescent microscopy: The ability of ferulic acid to
induce apoptosis in the HeLa tumor cells was assessed after
staining of control and treated cells with acdidine orange and
etidium bromide (AO/EtBr) and 4’,6-diamidino-2-
phenylindole (DAPI).

Double staining with acdidine orange and etidium
bromide: Double intravital staining with AO/EtBr was used
to assess the apoptosis-inducing activity of ferulic acid
according to Wahab et al®. Briefly, HeLa cells were seeded
at 2x10° cells/ml on glass cover slips placed in the bottom of
24-well plate, incubated for 24 h to obtain a monolayer and
after that were treated for 24 h with ferulic acid with 2mM
concentration (= ICsp established by an MTT test). At the
end of the incubation, the cover slips were washed with PBS
and stained using equal volumes (1:1 v/v) of AO and EtBr
solutions (10 pg/mL). The morphology of the treated cells
was compared to that of control HelLa cells under a
fluorescence microscope (Leica DM 500B, Wetzlar,
Germany).

DAPI staining: For DAPI (4°,6-diamidino-2-phenylindole)

staining, HelLa cells at a concentration of 2x10° cells/1 ml
were seeded on glass cover slips and cultivated overnight in
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a CO; incubator to obtain a monolayer. The cells were then
treated with FA in concentration approximating the 1Cso
value for 24 hr. Next, the slides were washed with
phosphate-buffered saline (PBS), fixed with methanol for 5
min and stained with DAPI 1pg/mL methanol for 30 min at
37 °C in the dark. Ultimately, the cells were washed with
methanol and mounted on microscope slides with glycerol.
The stained cells were visualized under a fluorescence
microscope (Leica DM 500B, Wetzlar, Germany).

Statistical analysis: The data from three replicated
experiments are expressed as mean + standard deviation
(SD). Statistical analysis was carried out using One-way
ANOVA followed by a Bonferroni’s post hoc test
(GraphPad Prism). The p <0.05 was accepted as the lowest
level for statistical significance. Nonlinear regression (curve
fit) analysis (GraphPad Prism) was applied to determine the
concentrations inducing 50% inhibition of the cell growth
(ICs values).

Results and Discussion

Measurement of cell survival of HeLa human cancer cells
after 24 h, 48 h and 72 h exposure to ferulic acid was
performed by an MTT assay, a conventional tetrazolium-
based colorimetric cell proliferation assay. Ferulic acid
inhibited the proliferation of the HelLa cancer cell line in a
concentration- and time-dependent manner. A pronounced
inhibition of the cell proliferation was observed in the cells
treated with 2mM, 4mM and 8mM FA, whereas the lower
concentrations of FA did not induce a significant reduction
of the cell viability compared to the control (Fig. 1). The
mean ICsp values determined after 24, 48 and 72 hours of
treatment were 2.597 mM, 2.127 mM and 1.793 mM
respectively.
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Figure 1: Antiproliferative effect of ferulic acid on HeLa tumor cells after 24, 48 and 72 hours of treatment.
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Morphological changes in HelLa cells treated with different
concentrations of FA were examined by light microscopy.
FA-treated HelLa cells exhibited significant change in
morphology and cytopathic alterations compared to the
control. The observed alterations gradually aggravated with
the increase of the concentration and the prolongation of the
exposure time. The most significant changes were observed
in cancer cells incubated with FA for 72h in concentrations
higher than 2 mM — some of the cells were shrunk, rounded
up and detached from the monolayer. FA in concentrations
of 4mM/mL and 8mM/mL completely inhibited the
proliferative activity of the tumor cells and hampered the
formation of a cell monolayer (Fig. 2).

We also investigated whether the inhibition of proliferation
by FA was achieved by apoptosis in the HelLa cells.
Apoptotic cell death was assessed by acridine orange and
ethidium bromide double staining (AO/EtBr).

AO and EtBr stain DNA allows visualization and
differentiation of dead and viable cells. Cells with intact
membranes are stained green due to the passage of AO,
whereas EtBr stains only the cells with damaged membranes
and the intercalation of both fluorescent dyes in DNA gives
orange fluorescence.

No cell death was observed in the control HelLa cells (Fig.
3a). Considerable amount of damaged HelLa cells was
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noticed when exposed to FA (Fig. 3b). The cells cultured in
the presence of FA displayed morphological signs of
apoptosis such as shrinkage, membrane blabbing, chromatin
condensation and margination, damaged wrinkled cells with
orange fluorescence. These findings indicate that the
induction of apoptosis is one of the major mechanisms
through which FA exerts its action to destroy tumor cells.

The apoptosis-inducing potential of FA was further analyzed
by DAPI staining. The results indicated that the number of
apoptotic cells were higher in FA-treated cells than in
untreated controls. The morphological changes that occurred
in HelL a cells as a result of FA treatment are presented in fig.
4. Treatment with FA resulted in marked nuclear
fragmentation and chromatin condensation, which is clear
indication of apoptosis.

In the present study, a dose-dependent growth inhibition
observed in the FA-treated cells indicates that FA is a
potential cytotoxic agent against human Hela cancer cells.
The highest cytotoxic activity was observed in cell cultures
treated with FA in concentrations higher than 1mM. The
apoptosis-inducing potential of FA was determined by the
morphological observation under an inverted microscope
and after the AO/EtBr staining. Apoptosis is characterized
by morphological features such as cell shrinkage, membrane
blabbing, chromatin condensation, nuclear fragmentation
and formation of apoptotic bodies 3% 36

Figure 2: Morphological changes in HeLa tumor cells exposed to ferulic acid for 72h; a-control HeL a cells;
b-, c-, d-, e-, f- HeL a cells treated with 0.5 mM, 1 mM, 2 mM, 4 mM and 8 mM FA. Light microscopy;
Phase contrast; Objective 40X
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Figure 3: Fluorescent microscopy of HelLa tumor cells exposed to 2mM ferulic acid for 24 hours; a-control culture;
b-culture treated with 2mM FA. Double staining with acridine orange and etidium bromide. Objective 40X.

Figure 4: Fluorescence image of HeLa cells stained with 4,6-diamidino-2-phenylindole (DAPI) after 24 h incubation
with the 2mM FA. A- untreated cells, B- cells treated with 2mM FA. Objective 40X.

Several reports have shown that FA induced apoptosis in
human tumor cells of various tissue origin®13-15.25:32,38.40,
Experiments with the human urinary bladder cancer cell line
T24 revealed that FA induced different cytotoxicity and
apoptotic rates in 2D and 3D culture systems?. Zhang et
al*®4% demonstrated the antitumor activity of ferulic acid in
vitro and in vivo and confirmed that ferulic acid could
suppress breast cancer migration and metastasis by
inhibiting the epithelial to mesenchymal transition process.
FA also inhibits the in vitro growth of colon cancer cells!423
as well as in vivo colon cancer development in rats216.

Studies with laboratory animals have also shown
suppressing activity of FA on oral and skin
carcinogenesis'-3%6, The anti-carcinogenic activity of ferulic
acid has been attributed to its antioxidant potential and
capability of scavenging reactive oxygen species as well as
stimulation of phase Il detoxification enzymes®1833,

Fluorescent microscopy of Hela cells stained with DAPI also
indicated that FA possesses high apoptotic potential. DAPI
staining is a reliable apoptotic assay that allows direct

observation of the apoptotic changes in the cell nucleus®. In
our current study, the chromatin condensation and nuclear
fragmentation were observed in HeLa cells by DAPI staining
after 24 h of treatment with the FA. These findings indicate
that the cell death, which occurred, was not due to necrosis,
but due to apoptosis. In addition, the results of the present
study clearly correlate with earlier in vitro studies, which
assayed the apoptotic potential of the FA in Hep-2 cell line
and found similar nuclear alterations?’.

The previous studies conducted in different cancer cell lines
suggest that FA decreases the cell proliferation and induces
early apoptotic changes such as chromatin condensation,
nuclear fragmentation, flipping of phosphatidylserine of the
plasma membrane and decreased mitochondrial membrane
potential3>40,

Hou et al'® reported that ferulic acid inhibited the
proliferation of ECV 304 cells through increasing the
production of nitric oxide (NO), which subsequently
downregulated the extracellular signal-regulated kinase
(ERK1/2) pathway®. Several reports in different tumor cell
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lines indicate that FA significantly modulate the expression
of apoptosis related proteins such as p53, Bcl-2, Bax,
Caspase 3 and Caspase 9*2527. Our results are in line with
the previously published data indicating a significant
proapoptotic activity of FA in various tumor cell lines.

Conclusion

In conclusion, this study demonstrates the antiproliferative
and apoptotic activity of FA in human HelLa cancer cells.
The results confirmed that the directly suppressed
proliferation of HelLa cells was associated to the induction
of apoptosis. Our study confirmed that FA may be a novel
candidate for cancer treatment. Further studies are needed to
determine the in vivo antitumor effect of FA in experimental
tumor models.

References

1. Alias L., Manoharan S., Vellaichamy L., Balakrishnan S. and
Ramachandran C., Protective effect of ferulic acid on 7, 12-
dimethylbenz [a] anthracene-induced skin carcinogenesis in Swiss
albino mice, Exp. Toxicol. Pathol., 61(3), 205-214 (2009)

2. Balakrishnan S., Manoharan S., Alias L. and Nirmal M., Effect
of curcumin and ferulic acid on modulation of expression pattern
of p53 and bcl-2 proteins in 7, 12-dimethylbenz [a] anthracene-
induced hamster buccal pouch carcinogenesis, Indian J. Biochem.
and Biophys., 47(1), 7-12 (2010)

3. Balakrishnan S., Menon V. and Manoharan S., Ferulic acid
inhibits 7,12- dimethylbenz[a]anthracene-induced hamster buccal
pouch carcinogenesis, J. Med. Food, 11, 693-700 (2008)

4. Bandugula V. and Prasad R., 2-Deoxy-D-glucose and ferulic
acid modulates radiation response signaling in non-small cell lung
cancer cells, Tumour Biol., 34(1), 251-259 (2013)

5. Chen C., Hsu H., Kuo S., Lai Y., Chung J. and Huang L., (2E)-
N, N-dibutyl-3-(4-hydroxy-3-methoxyphenyl) acrylamide induces
apoptosis and cell cycle arrest in HL-60 cells, Anticancer Res.,
27(1A), 343-349 (2007)

6. Elmore S., Apoptosis: A review of programmed cell death,
Toxicol. Pathol., 35(4), 495-516 (2007)

7. Galati G., Teng S.., Moridani M., Chan T. and Brien P., Cancer
chemoprevention and apoptosis mechanisms induced by dietary
polyphenolics, Drug Metabol. Drug Interact, 17(1-4), 311-349
(2000)

8. Graf E., Antioxidant potential of ferulic acid, Free Rad. Biol.
Med., 13(4), 435-48 (2000)

9. Hannahan D. and Weinberger R., The hallmarks of cancer, Cell,
100(1), 57-70 (2000)

10. Hou Y., Yang J., Zhao G. and Yuan Y., Ferulic acid inhibits
endothelial cell proliferation through NO down-regulating ERK1/2
pathway, J. Cell Biochem., 93(6), 1203-1209 (2004)

11. Hsu Y., Kuo P., Liu C. and Lin C., Acacetin-induced cell cycle
arrest and apoptosis in human non-small cell lung cancer A549
cells, Cancer Lett., 212(1), 53-60 (2004)

10

Vol. 16 (4) April (2021)
Res. J. Biotech

12. Hudson E., Dinh P., Kokubun T., Simmonds M. and Gescher
A., Characterization of potentially chemopreventive phenols in
extracts of brown rice that inhibit the growth of human breast and
colon cancer cells, Cancer Epidemiol. Biomark. Prev., 9(11),
1163-1170 (2000)

13. Indap M., Radhika S., Motiwale L. and Rao K., Anticancer
activity of phenolic antioxidants against breast cancer cells and a
spontaneous mammary tumor, Indian J. Pharm. Sci., 68(4), 470-
474 (2006)

14. Janicke B., Onning G. and Oredsson S. Differential effects of
ferulic acid and p-coumaric acid on S phase distribution and length
of S phase in the human colonic cell line Caco-2, J Agr. Food
Chem., 53(17), 6658-6665 (2005)

15. Karthikeyan S., Kanimozhi G., Prasad N. and Mahalakshmi R.,
Radiosensitizing effect of ferulic acid on human cervical
carcinoma cells in vitro, Toxicol. In Vitro, 25(7), 1366-1375 (2011)

16. Kawabata K., Yamamoto T., Hara A., Shimizu M., Yamada Y .,
Matsunaga K. and Mori H., Modifying effects of ferulic acid on
azoxymethane-induced colon carcinogenesis in F344 rats, Cancer
Lett., 157(1), 15-21 (2000)

17. Kikuzaki H., Hisamoto M., Hirose K., Akiyama K. and
Taniguchi H., Antioxidant properties of ferulic acid and its related
compounds, J. Agric. Food Chem., 50(7), 2161-2168 (2002)

18. Kumar N. and Pruthi V., Potential applications of ferulic acid
from natural sources, Review, Biotechnol. Rep., 4, 86-93 (2014)

19. Lowe S. and Lin A., Apoptosis in cancer, Carcinogenesis,
21(3), 485-495 (2000)

20. Maurya D. and Devasagayam T., Antioxidant and prooxidant
nature of hydroxycinnamic acid derivatives ferulic and caffeic
acids, Food Chemical Toxicol., 48(12), 3369-3373 (2010)

21. Meiler J. and Schuler M., Therapeutic targeting of apoptotic
pathways in cancer, Curr. Drug Targets, 7(10), 1361-1369 (2006)

22. Mori H., Kawabata K., Yoshimi N., Tanaka T., Murakami T.,
Okada T. and Murai H., Chemopreventive effects of ferulic acid on
oral and rice germ on large bowel carcinogenesis, Anticancer Res.,
19(5A), 3775-3783 (1999)

23. Mosmann T., Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays, J.
Immunol. Methods, 65(1-2), 55-63 (1983)

24. Peng C., Chyau C., Wang H., Chang C., Chen K., Chen C.,
Chou K. and Peng R., Cytotoxicity of ferulic acid on T24 cell line
differentiated by different microenvironments, BioMed. Res. Int.,
2013, 1-7 (2013)

25. Prabhakar M., Manoharan S., Rejitharaji T., Selvasundaram R.
and Islam V., Ferulic acid reduces cell viability through its
apoptotic efficacy: An in vitro approach, Br. J. Med. Med. Res.,
5(5), 612-621 (2015)

26. Prabhakar M., Vasudevan K., Karthikeyan S., Baskaran N.,
Silvan S. and Manoharan S., Anti-cell proliferative efficacy of
ferulic acid against 7, 12-dimethylbenz (a) anthracene induced



Research Journal of Biotechnology

hamster buccal pouch carcinogenesis, Asian Pac. J. Cancer Prev.,
13(10), 5207-5211 (2012)

27. Ramos S., Effects of dietary flavonoids on apoptotic pathways
related to cancer chemoprevention, J. Nutr. Biochem., 18(7), 427-
442 (2007)

28. Reed J., Mechanisms of apoptosis avoidance in cancer, Curr.
Opin. Oncol., 11(1), 68-75 (1999)

29. Saha S., Sikdar S., Mukherjee A., Bhadra K., Boujedaini N.
and Khuda-Bukhsh A., Ethanolic extract of the goldenseal,
hydrastis canadensis, has demonstrable chemopreventive effects
on HeLa cells in vitro: drug-DNA interaction with calf thymus
DNA as target, Environ. Toxicol. Pharmacol., 36(1), 202-214
(2013)

30. Saraste A. and Pulkki K., Morphologic and biochemical
hallmarks of apoptosis, Cardiovasc. Res., 45(3), 528-537 (2000)

31. Serafim T., Carvalho F., Marques M., Calheiros R., Silva T.,
Garrido J., Milhazes N., Borges F., Roleira F., Silva E., Holy J. and
Oliveira P., Lipophilic caffeic and ferulic acid derivatives
presenting cytotoxicity against human breast cancer cells, Chem.
Res. Toxicol., 24(5), 763-774 (2011)

32. Srinivasan M., Sudheer A. and Menon V., Ferulic acid:
therapeutic potential through its antioxidant property, J. Clin.
Biochem. Nutr., 40(2), 92-100 (2007)

33. Surh Y. Cancer chemoprevention with
phytochemicals, Nat. Rev. Cancer, 3(10), 768-80 (2003)

dietary

34. Thakkar A., Chenreddy S., Wang J. and Prabhu S., Ferulic acid
combined with aspirin demonstrates chemopreventive potential

11

Vol. 16 (4) April (2021)
Res. J. Biotech

towards pancreatic cancer when delivered using chitosan-coated
solid-lipid nanoparticles, Cell Biosci., 5(1), 46 (2015)

35. Thompson C., Apoptosis in the pathogenesis and treatment of
disease, Science, 267(5203), 1456-1462 (1995)

36. Wahab S., Abdul A., Alzubairi A., Elhassan M. and Mohan S.,
In vitro ultramorphological assessment of apoptosis induced by
zerumbone on (HelLa), BioMed. Res. Int., 2009, 1-10 (2009)

37. Wang T., Gong X., Jiang R., Li H., Du W. and Kuang G.,
Ferulic acid inhibits proliferation and promotes apoptosis via
blockage of PI3K/Akt pathway in osteosarcoma cell, Am. J. Transl.
Res., 8(2), 968 (2016)

38.XuY., GeR., Dul., XinH., YiT., Sheng J.,, Wang Y. and Ling
C., Corosolic acid induces apoptosis through mitochondrial
pathway and caspase activation in human cervix adenocarcinoma
HelLa cells, Cancer Lett., 284(2), 229-237 (2009)

39. Zhang X., Lin D., Jiang R., Li H., Wan J. and Li H., Ferulic
acid exerts antitumor activity and inhibits metastasis in breast
cancer cells by regulating epithelial to mesenchymal transition,
Oncol. Rep., 3(1), 271-278 (2016)

40. Zhang X., Wu Q. and Yang S., Ferulic acid promoting
apoptosis in human osteosarcoma cell lines, Pak. J. Med. Sci.,
33(1), 127 (2017)

41. Zhao Z. and Moghadasian M., Chemistry, natural sources,
dietary intake and pharmacokinetic properties of ferulic acid: A
review, Food Chem., 109(4), 691-702 (2008).

(Received 28" February 2020, accepted 25" April 2020)



