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Abstract

Background: Colorectal cancer is the third most lethal and fourth most commonly diagnosed
cancer worldwide. Sinapic acid, a derivative of hydroxycinnamic acid, is a promising
phytochemical exhibiting numerous pharmacological activities in various systems. It is a
substantial chain-breaking antioxidant that operates as a radical scavenger. The aim of this research
was to investigate the antiproliferative effect of sinapic acid on the HT-29 cell line, besides the

mechanisms underlying this activity.

Materials and Methods: The effect of sinapic acid on the viability of HT-29 cell line was

investigated using XTT assay. the levels of BCL-2, cleaved caspase 3, BAX, cleaved PARP and
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8-0x0-dG were measured using ELISA. Gamma-H2AX and cytochrome C expression was

assessed semi-quantitatively using immunofluorescence staining.

Results: Sinapic acid at 200 pM and higher doses produced a significant antiproliferative effect
on HT-29 cells. The IC50 value was found to be 317.5 uM for 24 hours. Sinapic acid (317.5 uM)
significantly elevated cleaved caspase 3, BAX, cleaved PARP and 8-ox0-dG levels. the levels of
v-H2AX foci are significantly higher while the levels of cytochrome-C are lower in sinapic acid

treated HT-29 cells.

Conclusion: These results indicate that sinapic acid has an antiproliferative, apoptotic and

genotoxic effect on colon cancer cells.

Keywords: Sinapic acid, Colorectal Cancer, HT-29 Cell Line, Antiproliferative Effect.

Introduction

GLOBOCAN 2018 data indicates that colorectal cancer is the third most lethal and fourth most
commonly diagnosed cancer worldwide (1). Colon cancer affects nearly 150,000 Americans
yearly, almost a third of whom die, (2), about 250,000 in Europe (3) and almost 1 million people
all around the world (4). The interactions between genes and environment together with the
excessive dietary fat intake play a crucial role in the etiology of colon cancer (5). Activated
oncogenes and inactivated tumor suppressor genes can lead to hyperplasia and provide protection
to cancer cells against apoptosis, giving rise to a dysfunction in cell processes (DNA replication,
cell cycles, dysplasia, and immune-cell interactions) (6,7). knockout trials in mice have
demonstrated that low dose (<10 Gy) gamma radiation-induced apoptosis, limited to epithelial
cells, is mediated by BAX and p53 and is antagonized by bcl-2 and bcl-w (8-11). It has been

demonstrated that food components known to inhibit the development of colon cancer enhance
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apoptosis subsequent to DNA damage and this might represent a considerable mechanism of
cancer prevention (12). Colon cancer is linked to pathological outcomes of constant oxidative
stress and lipid peroxidation. Unsaturated lipids are vulnerable to oxidation and the metabolites of

lipid peroxidation produce the mutagenesis promoting exocyclic DNA adducts (13).

HT-29 is a human colon cancer cell line used widely in biological and cancer research (14). HT-
29 cells were initially obtained from a 44-year-old Caucasian female with colorectal
adenocarcinoma in 1964, HT-29 cells form a tight monolayer while showing resemblance to
enterocytes from the small intestines. HT-29 cells overexpress a mutated p53 tumor antigen

(having a histidine replacing an arginine due to a mutation at position 273 in p53 gene) (15).

The conventional treatments for colon cancer include surgery, radiotherapy, chemotherapy.
Furthermore, current approaches also involve targeted therapies mainly for advanced stages of

colon cancer such as immunotherapy, gene therapy, cancer vaccines and cell therapy (16).

Chemotherapy-related toxicities and severe side effects such as diarrhea, provide a motivation for
persistent research aimed at finding effective phytochemicals that can reduce these risks and also

increase survival rates in metastatic colon cancer.

The uses of medicinal herbs and nutraceuticals have been steadily risen worldwide as their
effectiveness has been proven besides being safer compared to synthetic drugs (17). Phenolic acids
are renowned as reactive chemicals that have an effect on biological systems. They have got a lot
of attention in the fields of pharmaceutical and medical research because they appear to play a role
in the prevention of many diseases and involved in bioactivities applicable to human health.
Phenolic acids exist in almost all edible plants, and the daily dietary consumption by humans is

informed to be about 200mg (18, 19). Hydroxycinnamic acids form a main class of phenolic acids
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found in the plant kingdom. Caffeic acid, ferulic acid, sinapic acid and p-coumaric acid are the
most  common  hydroxycinnamic  acids  (20). Sinapic  acid (SA) s
3,5-dimethoxy-4-hydroxycinnamic acid (Figure 1) (21). Some of the sinapic acid-rich sources are
rice, wheat, oil, spices, vegetables, seeds, cereals, citrus fruits, and vinegar. Furthermore, SA has
been informed to be a main active constituent of Chinese traditional medicines (22). Sinapic acid
exhibits numerous pharmacological activities in various systems. Several in-vivo and in-vitro
researches have been carried out to demonstrate the pharmacological features such as antioxidant,
anticancer, analgesic, anti-inflammatory, and antimicrobial of SA and to clarify the mechanism of
action of this compound (23). SA is considered to be a substantial chain-breaking antioxidant that
fruitfully operates as a radical scavenger (24). This antioxidant activity is associated with its ability
to donate hydrogen atoms and the feature to stabilize the resulting phenoxyl radicals via the

conjugated system (25).

The aim of this research was to investigate the antiproliferative effect of sinapic acid on the HT-

29 cell line, besides the mechanisms underlying this activity.

Materials and methods

Cell culture and cell lines

Colon adenocarcinoma cell line HT-29 was purchased from American Type Culture Collection.
The cells were grown in Dulbecco’s modified Eagle’s medium (Sigma-Aldrich) supplemented
with 10% fetal bovine serum (Sigma-Aldrich), 1% antibiotic mixtures of penicillin and
streptomycin at 37°C in a 5% CO2 atmosphere in a humidified incubator. Before the procedure,
sinapic acid (Sigma-Aldrich) was dissolved in dimethyl sulfoxide (DMSO) and diluted in the

culture medium to a final DMSO concentration of less than 0.1%.
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Cell viability test

Using XTT test assay (Roche Diagnostic, MA, USA), the effect of SA on the viability of HT-29
cell line was investigated. These cells were cultured at a concentration of 1x10* cells per well and
incubated overnight before the addition of SA. After that the different concentrations (800, 400,
200 and 100 uM) of SA were applied to cells for 24 h. Untreated cells were used as a control. After
incubation, 50 pL of XTT mixture was added to each well. After 4-hour incubation, the cells were
shaken and the absorbance was measured using a microplate reader (Thermo Fisher Scientifi c,
Altrincham, United Kingdom) at 450 nm. Cell viability was evaluated as a percentage of live cells

versus control cells after each experiment was performed three times [26,27].

The measurement of BCL-2, cleaved caspase 3, BAX, cleaved PARP and 8-oxo-dG levels

The human ELISA kits of BCL-2 (BT Lab, catalog #E1832HU), cleaved caspase 3 (BT Lab,
catalog # E6970HU), Bax (BT Lab, catalog #E1825HU), cleaved PARP (BT Lab, catalog
#E6971HU) and 8-hydroxy-desoxyguanosine (8-oxo-dG) (BT Lab, catalog #E1436HU) were used
to assess the levels of BCL-2, cleaved caspase 3, BAX, cleaved PARP and 8-0x0-dG in sinapic
acid-treated and untreated HT-29 cells. HT-29 cells were cultivated into a 6-well plate and treated
with 317.5 uM sinapic acid for 24 hours. HT-29 cells that had been treated with sinapic acid and
those that had not were gathered and diluted in PBS. Then they were frozen and thawed three
times. Following that, the quantities of BCL-2, cleaved caspase 3, BAX, cleaved PARP and 8-
0x0-dG in cell lysates were assessed following the manufacturer’s instructions. Bradford protein
assay kit (Merck Millipore, Darmstadt, Germany) was used to calculate the total protein quantities

in both experimental and control HT-29 cells (28).

Immunofluorescence staining
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Cells were fixed with methanol for 5 minutes at -20°C and washed with PBS. They were then
incubated with PBS containing 0.1% Triton X-100 for 15 minutes at room temperature. After
washing, they were incubated with PBS containing 2% BSA for 60 minutes at room temperature.
After rewashing, they were incubated overnight with monoclonal anti-gamma H2AX (Abcam,
Catalog no. ab26350) and monoclonal anti-Cytochrome C (Abcam, Catalog no. ab110325)
primary antibodies at a dilution ratio of 1/300 at +4°C. Cells were washed with PBS then incubated
with goat anti-mouse FITC secondary antibody at a dilution ratio of 1/50 for 45 minutes at room
temperature in the dark. Finally, 4',6-diamidino-2-phenylindole (DAPI) was applied on the washed
cells and examined under fluorescence microscope. During the evaluation, positivity in the cells
in the whole field was evaluated semi-quantitatively as follows; absent (-), mild (+), moderate (++)

and severe (+++).

Statistical analysis

The results were stated as a mean + standard error of the mean (SEM). Statistical evaluation of the
data was done with SPSS Version 23.0 for Windows using One Way ANOVA and a postdoc Tukey
test. The results obtained from BCL-2, cleaved caspase 3, BAX, cleaved PARP and 8-ox0-dG
levels tests were examined using Independent Samples t Test. For anti-gamma H2AX and anti-
Cytochrome C staining statistical evaluation of the data was performed by One Way ANOVA.
Differences were evaluated statistically significant at *: P <0.05, **: P <0.01 and ***: P <0.001.

GraphPad Prism 8.0 software (USA) was used for data analysis and graphical presentations.

Results

Cytotoxic effect of sinapic acid on HT-29 cells
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The cytotoxic effect of sinapic acid was assessed in HT-29 cells. At 200 uM and higher doses,
sinapic acid significantly inhibited the growth of HT-29 cells as compared to control (P < 0.05).

The IC50 value of sinapic acid in HT-29 cells was found to be 317.5 uM for 24 hours (Figure 2).

The effect of sinapic acid on BCL-2, cleaved caspase 3, BAX, and cleaved PARP levels in HT-

29 cells

ELISA was used to evaluate the expression of apoptosis-related proteins in HT-29 cells, such as
BCL-2, cleaved caspase 3, BAX, and cleaved PARP. The treatment with sinapic acid (317.5 uM)
for 24 hours significantly increased cleaved caspase 3, BAX, and cleaved PARP levels (p<0.05).

In contrast, sinapic acid had no effect on BCL-2 level (p>0.05) (Fig. 3).

Effect of sinapic acid on 8-oxo-dG level in HT-29 cells

ELISA was used to assess 8-0x0-dG expression in HT-29 cells in order to determine the DNA-
damaging effects of sinapic acid. Treatment with sinapic acid (317.5 uM) for 24 hours significantly

elevated the quantity of 8-ox0-dG (p<0.01) (Fig. 4)

Effect of sinapic acid on y-H2AX and cytochrome-C levels in HT-29 cells

We stained 6 samples from both the experimental and control groups. The differences in gamma-
H2AX foci and cytochrome-C quantities were statistically significant (p <0.05) (Table 1). It is
obviously that the levels of cytochrome-C in microscope field of view 40x are lower and the levels
of y-H2AX foci are higher in the experimental samples compared with the control samples (Figure

5).

Discussion
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Despite considerable progress achieved in the areas of cancer diagnosis and treatment, cancer is
still one of the leading causes of death worldwide. In 2022, it is estimated that 52,580 of the total
609,360 cancer deaths in the United States will be caused by colorectal cancer, becoming the
second cause of cancer death after lung cancer (29). Novel treatments for cancer often fail owing
to frequent genetic changes and mutations in cancer genes. Because of the frequent side effects
caused by chemotherapy, we still in need to new, more effective and safer treatments for metastatic
cancers. There is increasing interest in developing drugs from various natural sources including
plants, animals, and microorganisms to overcome these problems (30). Natural products have been
in use as traditional medicines to treat different sorts of diseases including cancer all over the world
for thousands of years. Several studies have detected a wide spectrum of biological activities of
natural products such as, stimulation of the immune system, antimicrobial, anti-hepatotoxic, anti-
ulcer, antioxidant, anti-inflammatory, anti-mutagenic, and anti-cancer effects (31). Sinapic acid
and its derivatives have been suggested for potential use in food processing, cosmetics, and the
pharmaceutical industries due to their antioxidative activity (23). Several studies have
demonstrated its anti-cancer activity, Abdel Naser et al. (2020) indicated the cytotoxic effect on
Human squamous cell carcinoma cell line (HEp-2) and found that the intracellular reactive oxygen
species (ROS) levels were increased in sinapic acid and nano-sinapic acid treated cells as compared
to the untreated cells (32). The antiproliferative, apoptotic and anti-invasive effects of SA on PC-
3 (Androgen Independent Phenotype) and LNCaP (Androgen Dependent Phenotype) prostate cell
lines were determined by Eroglu M et al. (2018) (33). Hudson EA et al. (2000) demonstrated the
inhibiting effect of SA on the clonogenicity of human-derived colon carcinoma cell lines (SW 480)
(34). Sinapic acid inhibited the growth of cervical cancer (HeLa) and colon cancer (HT29) cell

lines more effectively than the well-known histone deacetylase inhibitor, sodium butyrate. These
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antiproliferative effects were mediated by induction of apoptosis (35). The cytotoxic effect of
sinapic acid on Human laryngeal carcinoma cell line (HEp-2) was confirmed by Janakiraman K et
al. (2015). This effect was the result of promoting apoptosis accompanied by loss of cell viability,
increasing ROS levels and cell cycle arrest by the induction of GO/G1 phase arrest (36). Xinglong
Hu et al. (2021) determined the anti-cancer activity of SA against lung cancer both in-vitro and in-
vivo. The administration of SA was showed to ameliorate the exposure of B[a]P mediated lung
cancer in swiss albino mice by a decrease in IgG and IgM level, leukocyte count, neutrophil
function tests, soluble immune complex, lipid peroxidation, pro-inflammatory cytokines, tumor
markers and increased phagocytic index, activity index and antioxidant defense enzymes. Besides,
in-vitro studies exhibited a potential cytotoxic and apoptotic activity by increasing ROS production
and caspase activity (caspase-3 and caspase-9) in human lung cancer cell lines (A549) (37). Both
free SA and Leucaena leucocephala galactomannan (LLG) conjugated SA were found to have
similar antiproliferative activity against human colon cancer cell lines (HCT-116 cells) according
to a study conducted by Jasleen Kaur et al. (2021) (38). Antiproliferative and histone deacetylase
inhibitory activity of peanut phenolics including ferulic acid, p-Coumaric acid and sinapic acid
were assessed in MCF-7 breast cancer and HeLa cervical cancer cells. All the compounds were
found to have antiproliferative, apoptotic and histone deacetylase inhibitory effects in both cell
lines. Furthermore, all of the compounds led to cell cycle arrest at GO/G1 phase in MCF-7 cells
and S-phase arrest in HeLa cells induced by p-Coumaric acid and ferulic acid (39). A study
conducted by Huang Z et al (2021) demonstrated that SA inhibited growth, migration, and invasion
of pancreatic cancer cells. Both the in vitro (PC cell lines PANC-1 and SW1990) and in vivo (mice
injected with SW1990 cells) models indicated the anticancer activities of SA without inducing

apoptosis. These results were associated with downregulation of the AKT/Gsk-3p signal pathway
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which has been shown to play a pivotal role in inhibiting apoptosis and cancer development (40).
The anti-cancer activity of free and encapsulated sinapic acid was also determined against lung
(A549), and colon (CaCo2) cancer cell lines along with up regulation of P53 and BAX and a down

regulation of BCL-2 genes in both cell lines (41).

The present study aimed to evaluate the cytotoxic and apoptotic effect of sinapic acid on colon
cancer HT-29 cell lines. Our findings showed that sinapic acid had a concentration-dependent
cytotoxic effect on HT-29 cells. It significantly inhibited HT-29 cell proliferation in a

concentration-dependent manner, with an IC50 value of 317.5 uM after 24 hours.

One approach for treating cancer is to obtain control or stop the uncontrolled growth of cancer
cells. Recruiting the cell’s own mechanism for death is a very effective anti-cancer method. Since
apoptosis evasion is a hallmark regardless of the cause or type of the cancer, inducing apoptosis is
one of the most successful non-surgical treatments. This induction can be achieved by either

stimulation of pro-apoptotic proteins or inhibition of anti-apoptotic proteins (42).

The levels of BCL-2, cleaved caspase 3, BAX, and cleaved PARP were measured using ELISA
technique to investigate the apoptotic effect of sinapic acid on HT-29 cells. The intrinsic pathway
of apoptosis is regulated by the BCL-2 protein family (43). Different apoptotic stimulants lead to
the upregulation of BH3-only proteins, which activate both BAX and BAK (44). BAX and BAK
then oligomerize and lead to the permeabilization of mitochondrial outer membrane which
represents the decisive event of intrinsic pathway (45). The permeabilization results in the release
of intermembrane proteins like cytochrome ¢ which contributes with apoptotic protease-activating
factor-1 (APAF-1), dATP and procaspase-9 to the formation of apoptosome (46). This leads to the
conversion of procaspase-9 into caspase-9 within the apoptosome (43) The caspase-9 in turn

activates the executioner (caspase-3 and -7) (47). Executioner caspases cleave target proteins
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resulting in cell apoptotic breakdown. Caspase-3 and -7 are responsible for the proteolytic cleavage
of poly (ADP-ribose) polymerase-1 (PARP-1), an ADP-ribosylating enzyme essential for
initiating various cellular processes, including DNA repair, regulation of chromatin structure,
transcription, replication and recombination. The cleavage of PARP-1 thus prevents the
recruitment of the enzyme to DNA damage sites (48). In the present study, 317.5 uM sinapic acid
treatment significantly elevated pro-apoptotic Bax, cleaved caspase 3, and cleaved PARP protein
expressions (p<0.05), while not altering anti-apoptotic BCL-2 expression (p>0.05). These results
confirm the apoptotic effect of sinapic acid on HT-29 cells. Besides, the immunofluorescence
staining of cytochrome-c showed that the number of cells with intact mitochondria is significantly
lower in the experimental group compared to the control group as they released more cytochrome-c

during apoptosis induced by sinapic acid.

In nuclear and mitochondrial DNA, 8-0x0-dG is a prevalent free-radical-induced oxidative lesion.
Thus 8-0x0-dG has been commonly used in many studies as a biomarker to measure endogenous
oxidative DNA damage, and as a risk factor for many diseases including cancer, because urinary
8-0x0-dG is a good biomarker to estimate the risk of different cancers and other degenerative
diseases (49). Increasing the ROS level over the cytotoxic threshold can selectively kill cancer
cells. The increased ROS level disrupts the cellular reduction-oxidation (redox) homeostasis and
as a result leads to the death of cancer cells. If exogenous ROS-generating agents are triggered,
the redox-imbalanced cancer cells become more susceptible than normal cells, thereby resulting
in cell death (50). The 8-oxo-dG ELISA kit was used in our study to investigate DNA
fragmentation in HT-29 cells after 24 hours of sinapic acid treatment. The results indicate the
cytotoxic activity of sinapic acid is associated with oxidative DNA damage. y-H2AX is a

phosphorylated form of the histone, H2AX. This phosphorylation follows the formation of DNA
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double strand breaks as a result of DNA damage (51). According to the results of our
immunofluorescence staining of y-H2AX, there was a significant increase in y-H2AX levels which
assures the occurrence of DNA damage as a possible mechanism of the anticancer activity of

sinapic acid.

Conclusion

Sinapic acid significantly suppressed HT-29 cell growth in a concentration-dependent way.
Sinapic acid treatment significantly elevated pro-apoptotic cleaved caspase 3, BAX, and cleaved
PARP levels as well as mitochondrial cytochrome-c release. Sinapic acid treatment also
significantly elevated 8- 0x0-dG quantities in HT-29 cells and thus the cytotoxic effect of sinapic
acid may be linked to oxidative DNA damage. Therefore, the present study suggests that sinapic
acid has the potential to be a promising therapeutic agent for colon cancer. However, these findings

need to be supported by in vivo and clinical studies.
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of Pharmacy, Department of Pharmacology, Sivas, Turkey.
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Table 1
Samples Gamma-H2AX Cytochrome-C
Control sample-1 + +++
Control sample-2 ++ +++
Control sample-3 + ++
Control sample-4 + +++
Control sample-5 + ++
Control sample-6 + +++
Experimental sample-1 +++ +
Experimental sample-2 ++ +
Experimental sample-3 +++ +
Experimental sample-4 +++ +
Experimental sample-5 - -
Experimental sample-6 +++ +
Mean values + standard deviation
Control group 1.16+0.40 2.66+0.51
Experimental group 2.83+0.40 0.83+0.40
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Fig 5: Gamma-H2AX expression was significantly higher in the experimental group B compared to the
control group A (P < 0.05), while cytochrome-C expression was significantly lower in the experimental group
D compared to the control group C (P < 0.05) x40.
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