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	 Background:	 Ferulic acid is an antioxidant phenolic compound derived from plants, which has effects on cancer cells. This 
study aimed to investigate the effects of ferulic acid on HeLa and Caski human cervical carcinoma cells and 
the molecular mechanisms involved.

	 Material/Methods:	 HeLa and Caski human cervical carcinoma cells were grown in culture and treated with increasing doses of fe-
rulic acid. The MTT assay was used to evaluate cell viability. Flow cytometry was performed with 4’,6-diamid-
ino-2-phenylindole (DAPI) and Annexin V staining for cell apoptosis. The expression of myeloid leukemia cell 
differentiation-1 (Mcl-1) protein and MCL-1 mRNA were determined by Western blot and reverse transcription-
polymerase chain reaction (RT-PCR).

	 Results:	 Ferulic acid significantly reduced HeLa and Caski cell viability in the concentration range of 4–20 µM (P<0.05). 
Ferulic acid treatment promoted DNA condensation and significantly increased apoptosis in Caski cells (P<0.05). 
Ferulic acid treatment resulted in the activation of pro-caspase-3, pro-caspase-8, pro-caspase-9, and PARP. The 
MTT assay showed that ferulic acid did not reduce the viability of Caski cells treated with the caspase inhibi-
tor, z-VAD-fmk. Ferulic acid reduced the levels of Bcl-2 and Mcl-1, and increased the levels of Bax and reactive 
oxygen species (ROS). In Caski cells, Akt and PI3K phosphorylation were reduced by ferulic acid in a concentra-
tion-dependent manner.

	 Conclusions:	 The effects of ferulic acid were dose-dependent and resulted in cell cytotoxicity and apoptosis of HeLa and 
Caski cells, and the PI3K/Akt signaling pathway was down-regulated in Caski cells.
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Background

Ferulic acid is a phenolic antioxidant compound derived from 
plants that also has anti-inflammatory properties [1]. The role 
of ferulic acid has been studied for its protective effects on 
neuronal oxidative stress and neurotoxicity induced by amy-
loid-b (Ab) oligomers [2]. In mouse models, long-term treat-
ment with ferulic acid was shown to inhibit memory deficits 
induced by Ab [3]. Cell death in neuroblastoma associated 
with Ab-oligomers was inhibited by ferulic acid when com-
bined with lipid nanoparticles by the reduction of oxidative 
stress [4]. Ferulic acid destabilizes and inhibits the formation of 
the amyloid fibrils by directly binding to these structures [5,6].

Cell apoptosis is a recognized mechanism of cell elimination 
that involves the activation of caspases and the cleavage of 
associated proteins leading to biochemical and morphologi-
cal changes in the cell [7–10]. Cytochrome c is released from 
the mitochondria in the early stages of apoptosis and initiates 
pro-apoptotic changes in the cell cytosol [11]. A major func-
tion of cytochrome c in the cytoplasm is the oligomerization of 
apoptotic protease activating factor 1 (APAF1) and the activa-
tion of pro-caspases [11]. Bcl-2 promotes the release of cyto-
chrome c from mitochondria through the regulation of mem-
brane permeability [12]. Pro-apoptotic factors, including Bax 
and Bak, and anti-apoptotic factors, including Bcl-2 and my-
eloid leukemia cell differentiation-1 (Mcl-1), are members of 
the Bcl-2 family [12–14].

The anti-apoptotic protein, Mcl-1 is different from other Bcl-
2 homologs due to its ability to bind to the BH3-only subset 
of the proteins in the Bcl-2 family that contains a single BH3-
domain [15,16]. Mcl-1 has an important role in inhibiting cell 
apoptosis induced by ultraviolet (UV) radiation [17]. Mcl-1 has 
anti-apoptotic effects by inhibiting the expression of Bak in 
the mitochondria [18]. Also, Mcl-1 has been shown to induce 
conformational changes in the structure of Bax, preventing its 
translocation to the mitochondria, which inhibits the release 
of cytochrome c [19]. Studies in medicinal chemistry have in-
volved the investigation of heterocyclic scaffolds for the syn-
thesis of potent bioactive compounds [20]. These compounds 
possess properties that inhibit the proliferation of cancer cells, 
have anti-microbial properties and have a role in animal mod-
els of Alzheimer’s disease [21–23]. Studies have shown that 
natural phenolic phytochemicals and synthetic aromatic com-
pounds have biological activities [24]. Therefore, this study 
aimed to investigate the effects of ferulic acid on HeLa and 
Caski human cervical carcinoma cells in vitro and the molecu-
lar mechanisms involved.

Material and Methods

Cell culture

HeLa and Caski cell lines were purchased from the American 
Type Culture Collection (ATCC) (Manassas, VA, USA). The cells 
were cultured in RPMI-1640 medium containing 10% fetal 
bovine serum (FBS), penicillin (100 U/ml), and streptomycin 
(100 μg/m). The cells were cultured in a humidified atmo-
sphere of 5% CO2 at 37°C.

MTT assay

Changes in the viability of HeLa and Caski cells were evaluat-
ed by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay. The cell lines were cultured for 24 h un-
der a humidified atmosphere of 5% CO2 at 37°C. Fresh medi-
um was mixed with 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, and 25 µM 
of ferulic acid, and the cells were cultured for a further 48 h. 
The cells were then incubated for 4 h with 5 mg/ml solution of 
MTT (100 μl). The culture medium in the plates was discarded, 
and 150 μl of dimethyl sulfoxide (DMSO) was added. The op-
tical density (OD) was measured for each plate at 578 nm us-
ing a microplate reader (Molecular Devices, San Jose, CA, USA).

Analysis of DNA fragmentation

The Caski cells (1×106 cells per well) in 60 mm cultural plates 
were treated with 4, 8, 16, and 20 µM concentrations of ferulic 
acid. Following 48 h of treatment, the cells were fixed for 40 
min onto glass slides with 4% paraformaldehyde at room tem-
perature. The cells were washed three times with PBS and in-
cubated for 15 min with 4’,6’-diamidino-2-phenylindole (DAPI), 
and examined using an Olympus BX53 fluorescence microscope 
(Olympus, Tokyo, Japan) to evaluate the DNA condensation.

Flow cytometry for apoptosis

The Caski cells were distributed at a density of 3.0×105 cells/well 
in six – well plates and cultured for 24 h. The cells were treat-
ed for 48 h with 4, 8, 16, and 20 µM concentrations of ferulic 
acid, washed three times with PBS and resuspended in 450 μl 
of binding buffer. The cells were treated in the dark with 5 μl 
of annexin V – fluorescein isothiocyanate (FITC) and propid-
ium iodide (PI) for 20 min at room temperature. The stained 
cells were examined using a FACS Calibur flow cytometer (BD 
Biosciences, Franklin Lakes, NJ, USA) using an argon laser (488 
nm) for fluorescence measurement. The percentage of apop-
totic cells was counted using FACS Scan software version 6.0 
(BD Biosciences, Franklin Lakes, NJ, USA).
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Western blot

The Caski cells at a density of 1×106 cell/mL were trypsinized 
following 48 h of treatment with 4, 8, 16, and 20 µM concen-
trations of ferulic acid. The cells were lysed and resuspend-
ed in RIPA lysis buffer consisting of Tris – base (50 mM), sodi-
um chloride (150 mM), sodium dodecyl sulfate (0.1%), EDTA 
(1 mM), Triton X – 100 (1%), and sodium deoxycholate (1%) 
for 40 min. The lysate was centrifuged at 4°C for 15 min at 
12,000 x g to obtain the supernatant. The protein concentra-
tion was measured using bicinchoninic acid (BCA) protein kits.

The 5X SDS-PAGE loading buffer and 5 μg of protein samples 
were mixed and denatured at 100°C in water for 15 min. Protein 
resolution by electrophoresis was performed using 10 μl samples 
on 10% sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) gels. The proteins were transferred onto poly-
vinylidene fluoride (PVDF) membranes that had previously been 
blocked for 2 h by incubation at room temperature with 50 g/l 
of dried skimmed milk powder. The membranes were incubat-
ed overnight at 4°C with primary antibodies. The primary rabbit 
or mouse antibodies were to caspase-8, caspase-9, caspase-3, 
cleaved PARP, Bcl-2, Bax, Mcl-1, p-AKT, and p-PI3K. After washing 
with PBS, the membranes were incubated for 2 h with horserad-
ish peroxidase (HRP)-conjugated anti-rabbit or anti-mouse IgG 
secondary antibodies at room temperature. Enhanced chemilu-
minescence (ECL) was used to visualize the proteins, and a scan-
ning densitometer (Personal Densitometer, Molecular Dynamics, 
Sunnyvale, CA, USA) was used for quantification of the signals.

Detections of reactive oxygen species (ROS)

The Caski cells were treated with 4, 8, 16, and 20 µM of feru-
lic acid for 48 h. The cells were harvested and resuspended 
in 400 μl of 2,7-dichloro-dihydro-fluorescein diacetate (DCFH-
DA). The production of ROS was measured by flow cytometry.

Reverse transcription-polymerase chain reaction (RT-PCR)

The total RNA from Caski cells was extracted by TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) in accordance with the manual 
procedure. The 1 μg of total RNA was used for the synthesis of 
cDNA using a Primescript RT reagent kit (Takara Biotechnology 
Co., Ltd., Dalian, China) for 20 min at 37°C. The Roche Light 
Cycler96 Real-time PCR system containing the SYBR Premix EX 
TaqII kit (Takara Biotechnology Co., Ltd., Dalian, China) was used 
to perform the RT-PCR assay. The reaction volume used consisted 
of 20 μl of SYBR Premix EX Taq II (10 μl), forward primer (0.8 μl), 
reverse primer (0.8 μl), cDNA (2 μl), and sterilized water (6.4 μl).

The amplification procedure included: pre-degeneration for 2 
min at 93°C, then 40 cycles of denaturation for 10 sec at 93°C, 
and annealing for 15 sec at 58°C. The 2DDCT method was used 

for determination of the relative mRNA levels using GAPDH 
as the loading control. The primer sequence for MCL-1 mRNA 
were: forward primer, 5’-CCT TCC AAG GAT GGG TTT GT-3’; re-
verse primer, 5’-TCT TCA ATC AAT GGG GAG CA-3’.

Statistical analysis

Data were analyzed using SPSS version 17.0 software 
(IBM Corp., Armonk, NY, USA). The data were presented as 
the mean±standard deviation (SD) of three experiments. 
Comparison between groups was made using analysis of vari-
ance (ANOVA) followed by Tukey’s or Dunnett’s test. A P-value 
<0.05 was considered to be statistically significant.

Results

The cytotoxicity effects of ferulic acid on HeLa and Caski 
human cervical carcinoma cells

Data from the MTT assay showed that ferulic acid reduced 
HeLa and Caski cell viability at 48 h in a dose-dependent man-
ner (Figure 1). Ferulic acid significantly (P<0.05) reduced HeLa 
and Caski cell viability in the concentration range of 2–20 µM. 
Treatment with 2 µM of ferulic acid significantly reduced the 
viability of HeLa and Caski cells (P<0.05). The viability of HeLa 
and Caski cells was reduced to 27% and 24%, respectively on 
treatment with 20 µM of ferulic acid. Treatment of HeLa and 
Caski cells to ferulic acid at concentrations >20 µM resulted 
in no further decrease in viability.

Ferulic acid resulted in DNA damage and apoptosis in 
Caski cells

The DAPI staining of ferulic acid-treated Caski cells showed 
DNA condensation in a dose-dependent manner (Figure 2A). 
DNA condensation was significantly increased in Caski cells 
following treatment with 4, 8, 16, and 20 µM of ferulic acid. 
The findings of 4’,6-diamidino-2-phenylindole (DAPI) staining 
were confirmed by Annexin-V for apoptosis (Figure 2B). The 
apoptotic cell population in Caski cell cultures was significant-
ly increased following treatment with 4, 8, 16, and 20 µM of 
ferulic acid for 48 h (P<0.05).

Ferulic acid activates caspases in Caski cells

Ferulic acid treatment at 4, 8, 16, and 20 µM for 48 h resulted 
in the activation of pro-caspase-8 and pro-caspase-9 in Caski 
cells (Figure 3A). The activation of pro-caspase-8 and pro-cas-
pase-9 by ferulic acid in Caski cells increased in a dose-depen-
dent manner from 4–20 µM. The level of cleaved caspase-3 in-
creased on treatment with 4, 8, 16, and 20 µM of ferulic acid in 
Caski cells. Also, ferulic acid treatment of Caski cells resulted 
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in the cleavage of PARP in a dose-dependent manner. Caski 
cells were treated with the caspase inhibitor, z-VAD-fmk, which 
confirmed the MTT findings (Figure 3B). Data from the MTT 
assay showed that ferulic acid did not reduce the viability of 
Caski cells treated with z-VAD-fmk.

Ferulic acid treatment and the expression levels of the Bcl-
2 family proteins in Caski cells

The levels of Bcl-2 and Mcl-1 proteins in Caski cells were re-
duced following treatment with 4, 8, 16, and 20 µM of ferulic 
acid at 48 h (Figure 4A). Ferulic acid treatment increased the 
expression of Bax protein in Caski cells in a dose-dependent 

manner. Following reverse transcription-polymerase chain re-
action (RT-PCR), the level of MCL-1 mRNA was also reduced by 
ferulic acid treatment in Caski cells (Figure 4B).

Ferulic acid promoted the generation of reactive oxygen 
species (ROS) in Caski cells

In Caski cells, the level of ROS was significantly increased 
following treatment with 4, 8, 16, and 20 µM of ferulic acid 
(Figure 5). Flow cytometry of Caski cells stained with 2,7-di-
chloro-dihydro-fluorescein diacetate (DCFH-DA) showed that 
ROS production was significantly increased on treatment with 
ferulic acid in a dose-dependent manner, from 4–20 µM.
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Figure 1. �The effect of ferulic acid on HeLa and Caski human cervical carcinoma cells. Ferulic acid was added to cultures of HeLa and 
Caski human cervical carcinoma cells at concentrations of 2–25 µM for 48 h. The viability of cells treated with ferulic acid 
and dimethyl sulfoxide (DMSO) was measured using the MTT assay. * P<0.05, ** P<0.02 and *** P<0.01 vs. DMSO-treated 
cells.
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Figure 2. �Induction of apoptosis by ferulic acid in Caski human cervical carcinoma cells. Ferulic acid was added to cultures of HeLa 
and Caski human cervical carcinoma cells at concentrations of 4, 8, 16, and 20 µM. (A) Staining with 4’,6-diamidino-2-
phenylindole (DAPI) of nuclear DNA condensation of the cells is shown by flow cytometry. (B) Annexin-V staining for cell 
apoptosis is shown by flow cytometry. * P<0.05 and ** P<0.01 vs. DMSO-treated cells.
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Ferulic acid inhibited the phosphorylation of Akt in Caski 
cells

Akt phosphorylation was reduced by ferulic acid in a dose-de-
pendent manner in Caski cells (Figure 6). On increasing the 
concentration of ferulic acid from 4–20 µM, the activation of 
Akt was increasingly reduced. The inhibition of Akt phosphor-
ylation by ferulic acid in Caski cells was maximum at a dose 
of 20 µM. Ferulic acid treatment also reduced PI3K phosphor-
ylation in Caski cells in a dose-dependent manner.

Discussion

The findings from the present study showed that treatment 
of HeLa and Caski human cervical carcinoma cells with ferulic 
acid resulted in DNA damage and cell apoptosis by activating 
caspases, promoting the generation of reactive oxygen species 

(ROS) and, in Caski cells, by down-regulation of the Akt/PI3K 
signaling pathway. Apoptosis a highly regulated cellular pro-
cess that involves the caspase cascade [25]. The induction of 
cell apoptosis involves the efflux of mitochondrial membrane 
proteins into the cell cytoplasm [26,27]. The formation of the 
apoptosome and activation of pro-caspases require the release 
of cytochrome c from the mitochondria [26,27]. In the pres-
ent study, the effect of ferulic acid was investigated on the in-
duction of apoptosis, expression of caspase-8, caspase-9, cas-
pase-3, and PARP in Caski cells.

This study showed that ferulic acid treatment of Caski cells 
resulted in DNA condensation and induction of apoptosis in 
a dose-dependent manner. Treatment with ferulic acid signif-
icantly reduced the levels of apoptosis initiator and executer 
caspases in Caski cells in a dose-dependent manner. The study 
findings also showed that caspase-3 was involved in the re-
duction of Caski cell viability and that pre-treatment of Caski 
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Figure 3. �The effect of ferulic acid on caspases in Caski human cervical carcinoma cells. (A) Activation of caspase-8, caspase-9, 
caspase-3, and PARP in Caski cells treated with ferulic acid was assessed by Western blot. b-actin was used as the internal 
control. (B) The effect of ferulic acid on Caski cell viability following pre-treatment with the caspase inhibitor, z-VAD-fmk, was 
determined by the MTT assay. * P<0.05 vs. DMSO-treated cells.
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Figure 4. �The effect of ferulic acid on the levels of Bcl-2 family proteins in Caski human cervical carcinoma cells. (A) The levels of Bcl-2, 
Mcl-1, and Bax proteins were determined by Western blot following ferulic acid treatment of the Caski cells. (B) The level 
of MCL-1 mRNA in Caski cells following ferulic acid treatment was studied using reverse transcription-polymerase chain 
reaction (RT-PCR).
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cells with the caspace inhibitor, z-VAD-fmk, prevented the fe-
rulic acid-mediated reduction in cell viability. The modulation 
of mitochondrial membrane integrity and negative regulation 

of cell apoptosis is catalyzed by several proteins of Bcl-2 fam-
ily, including Bcl-2 and Mcl-1 [28–30]. Previous studies have 
identified several transcription factors that play an important 
role in controlling the expression of the MCL-1 gene, includ-
ing E2F1, CREB, and ETS [31–23]. The present study showed 
that ferulic acid treatment of Caski cells significantly reduced 
the expression of Bcl-2 and Mcl-1 proteins when compared 
with the control. Levels of the pro-apoptotic protein, Bax, were 
promoted in Caski cells following treatment with ferulic acid.

The Akt/PI3K pathway is upregulated in several types of cancer 
cells, and its roles include the inhibition of cell apoptosis [34]. 
Increased expression of p-PI3K/p-Akt in carcinoma cells has pre-
viously been shown to be directly associated with resistance to 
chemotherapeutic agents [35]. Studies have shown that apoptosis 
in dexamethasone-resistant myeloma cells can be promoted by 
the novel small molecule drug, PS-341 (bortezomib), by down-reg-
ulation of the PI3K/Akt/nuclear factor-κB pathway [36]. PI3K/Akt 
pathway down-regulation has also been shown to reduce the vi-
ability of drug-resistant leukemia cells [37]. In the present study, 
the levels of p-PI3K and p-Akt in Caski cells were significantly in-
creased following ferulic acid treatment, which also reduced the 
expression of p-PI3K and p-Akt in a dose-dependent manner in 
Caski cells. These findings showed that ferulic acid treatment in-
duced apoptosis in Caski cells by targeting p-PI3K/p-Akt activation.
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16 (μM) 20 (μM)

8 (μM)Control

Figure 5. �The effect of ferulic acid on the production of reactive oxygen species (ROS) in Caski human cervical carcinoma cells. Caski 
human cervical carcinoma cells following treatment with ferulic acid for 48 h were stained with 2,7-dichloro-dihydro-
fluorescein diacetate (DCFH-DA) and observed by flow cytometry.
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Figure 6. �The effect of ferulic acid on the activation of the 
PI3K/Akt pathway in Caski human cervical carcinoma 
cells. Caski human cervical carcinoma cells following 
treatment with ferulic acid at 4, 8, 16, and 20 µM 
for 48 h shows Akt and PI3K phosphorylation levels 
determined by Western blot.
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Conclusions

This study aimed to investigate the effects of ferulic acid on 
HeLa and Caski human cervical carcinoma cells and the mo-
lecular mechanisms involved. The effects of ferulic acid were 
dose-dependent and resulted in cell cytotoxicity and apopto-
sis of HeLa and Caski cells, and the PI3K/Akt signaling path-
way was down-regulated in Caski cells. Following these prelim-
inary in vitro findings, functional studies in cell lines and tumor 
tissues are recommended to further investigate the molecular 
mechanisms for the effects of ferulic acid in cervical carcinoma.
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