Investigation of the Antitumoral Activity of Syringic Acid on HT-29 Cells: An In Vitro Study
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Abstract

Colorectal cancer (CRC) is one of the most common cancers in the world with high mortality rates,
and it is the second leading cause of cancer-related deaths worldwide and it is estimated that more than
930,000 deaths will occur due to CRC. In addition to genetic and environmental factors, oxidative stress,
lipid peroxidation and parameter changes in the antioxidant system are among the risk factors. Syringic
acid (SA) which contains polyphenolic compounds, has antioxidant, anti-lipid peroxidative and anti-
cancer effects. Due to these effects, syringic acid may have a healing effect on HT-29 cells. In our study,
we determined the effect of SA on cell viability on HT-29 cells with MTT, and its effects on antioxidant
and oxidant parameters with TAC-TOS tests. Syringic acid decreased viability, increased TAC levels and
did not cause a significant change in TOS levels in HT-29 cells. These findings may indicate that SA has

curative effects on CRC.
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1. Introduction

Colon cancer or colorectal cancer (CRC) is a
serious type of cancer with high incidence and
mortality rates in developed countries (Pacal et
al., 2020). It is the second leading cause of
cancer-related deaths worldwide and it is
estimated that more than 930,000 deaths will
occur due to CRC (WHO, 2023). It is the second
most common type of cancer in women and the
third in men, and death rates are 25% higher in
men than in women (Li et al., 2021). Risk factors
for CRC, in which environmental and genetic
factors play a role, include age, overweight and
obesity, sedentary lifestyle, smoking, excessive
alcohol intake, low-fiber and high-fat diet, and
consumption of processed, burnt or charred red
meat (Ahmed, 2020). Other risk factors such as
personal or family history of colorectal polyps or
CRC, inherited conditions such as Lynch
syndrome, personal history of inflammatory
bowel disease, racial and ethnic background, and
the presence of type 2 diabetes also play a role in
the development of CRC (Simon, 2016). Regular
physical activity, a diet rich in fruits and
vegetables, a high-fiber diet, a diet rich in folate,
calcium, dairy products, vitamin D, vitamin B6,
magnesium intake, fish consumption, garlic and
regular aspirin use are protective factors
associated with a reduced incidence of CRC
(Thanikachalam & Khan, 2019). Gene mutations
related to oncogenes, tumor suppressor genes
and DNA repair mechanisms are involved in the
pathogenesis of CRC. Depending on the origin
of the mutation, colorectal carcinomas are

classified as sporadic (70%), hereditary (5%) and
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familial (25%). Pathogenic mechanisms that lead
to this situation; There are three types:
chromosomal instability, microsatellite
instability and methylator phenotype of CpG
islands (I. Marmol et al, 2017). Tumors
typically with chromosomal instability are
known to have mutations in specific oncogenes
and/or tumor suppressor genes such as APC,
KRAS, PIK3CA, BRAF, SMAD4, or TP53

(Schmitt & Greten, 2021).

Standard treatments for CRC are surgery,
chemotherapy, and radiotherapy, which can be
used in combination (Johdi & Sukor, 2020).
Chemotherapy for first-line treatment of
metastatic disease is typically a combination of
5-Fluorouracil, folinic acid, and oxaliplatin
(FOLFOX protocol) or irinotecan (FOLFIRI
protocol). 5-Fluorouracil in the FOLFOX
regimen can be replaced with capecitabine, but
the combination of capecitabine with irinotecan
is known to be more toxic than FOLFIRI.
Double (two chemotherapeutic agents) and triple
(three chemotherapeutic agents) chemotherapy
regimens consisting of 5-fluorouracil, folinic
acid, oxaliplatin and irinotecan (FOLFOXIRI
protocol) have been shown to be effective
(Kuipers et al., 2015). The Food and Drug
Administration (FDA) and the European
Medicines Agency (EMA) have approved
monoclonal antibodies such as cetuximab,
panitumumab, bevacizumab and ramucirumab
(Smith & Desai, 2018). Although monoclonal
antibodies show high specificity against the

targeted antigens, their duration of action is short
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and the risk that cells producing high levels of
protein may escape from the T cell and survive
in the host restricts their use. Although immune
checkpoint inhibitors, one of the new trends in
immunotherapy, are the most effective drug
group in combination therapy, they may have
negative effects such as systemic toxicity. Many
patients succumb to disease relapse after
treatment. Therefore, it is important to find
alternative and effective treatments for the
treatment of CRC patients (Johdi & Sukor,
2020). Syringic acid (SA), also known as 4-
hydroxy-3,5-dimethoxybenzoic  acid, is a
phenolic compound from the dimethoxybenzene
subfamily of benzoic acids and is abundant in
some certain types of fruits and green trees.
Recent studies have shown that, like other
polyphenols, this substance has antioxidant, anti-
inflammatory, anti-lipid peroxidative, anti-
mitogenic and anti-cancer effects by affecting
target molecules involved in the cell cycle
(Mihanfar et al., 2021; Srinivasulu et al. ., 2018).
It is stated that SA can modulate proteins,
transcriptional factors, growth factors and
signaling molecules, especially in various cancer
cells (J. Pei et al., 2021). SA may be a promising
therapeutic agent in the treatment of CRC
through various mechanisms (Gheena &
Ezhilarasan, 2019). For this purpose, in our
study, the effects of SA on Human Colorectal
Adenocarcinoma Cell Line (HT-29) were

examined.

2. Material Method
2.1. Cell Culture Procedure
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HT-29 cell line was incubated at 37°C in
Roswell Park Memorial Institute Media (RPMI
1640) medium with stable L-Glutamine
containing 10% Fetal Bovine Serum (FBS) and
penicillin-streptomycin (100 U/ml-100 pg/ml)
antibiotic. It was grown in an incubator
containing 37 °C temperature, 5% carbon dioxide
(5%) and 95% humidity and in 25-75 cm? cell
culture flasks. After sufficient confluency (min.
90%), the 75 cm? flask was washed with
Phosphate Buffer Saline (PBS), and the cells
were separated from the flask by adding
Tyripsin-EDTA. After passaging, cells were
transferred to 96-well plates. When the cells
covered approximately 80% of the well surface,
SA was applied to the wells at doses of 6.25
pg/mL, 12.5 pg/mL, 25 pg/mL, 50 pg/mL and
100 pg/mL. After 24 hours, cell viability was
measured with 3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide (MTT) solution

containing 5 mg/mL.

2.2. Cell Viability
MTT

MTT test was used to evaluate cell viability.
10 uLL of MTT solution was added to each well
and after the incubation period, the formazan
crystals was dissolved in 100 ul of dimethyl
sulfoxide (DMSQ) (Sigma Aldrich). Finally, the
absorbance value was determined at 570 nm in
the spectrophotometer (BioTek Instruments,
USA) (Okkay & Ferah Okkay, 2022).

2.3. Markers of Oxidative Stress
Total Antioxidant Capacity (TAC) and Total

Oxidant Status (TOS)
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TAC and TOS kits were used to determine
oxidative stress levels (Rel Assay Diagnostic).
For the TAC kit, 18 pl of sample and standards
were added to each well. Then, 300 ul Reagent 1
was added and the contents of each well were
mixed with Heidolph Microtiter Plate Shaker
Titramax at 300 rpm for 30 seconds. After 30
seconds, the first reading was taken on the
spectrophotometer at 660 nm. Then, 45 pul
Reagent 2 was added to each well, a second
mixing was made, and after 5 minutes of
incubation at 37 °C, a second reading was taken
at 660 nm. The results were calculated according
to the formulas in the kit procedure. For the TOS
kit, 45 ul of sample and standards were added to
each well. After the addition of 300 ul Reagent
1, the wells were homogenized with Heidolph
Microtiter Plate Shaker Titramax at 300 rpm for
30 seconds. Afterwards, 15 pl Reagent 2 was
added and the mixing procedure was performed
again. After 5 minutes of incubation at 37 °C, a
second reading was taken at 530 nm. The results
were calculated according to the formulas in the
kit procedure (Sezen et al., 2023).

2.4. Statistical Analysis

Data were analyzed with the GraphPad 9.5
program. ELISA results were analyzed using the
One-way analysis of variance (ANOVA)
analysis of variance test. For Post-HOC analysis

Dunnett test was performed.

3. Findings
3.1.MTT
MTT analysis results are shown in Figure 1.

SA application at doses of 6.25 pg/mL, 12.5
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ug/mL, 25 pg/mL, 50 pg/mL and 100 pg/mL
significantly reduced the viability of the cells
compared to the control group.
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Figure 1. Effect of SA on viability in HT-29 cells (p<0.05,
the difference between groups **; p<0.001, the difference

between groups ***)

3.2. TAC-TOS

TAC-TOS analysis results are seen in Figure
2. In the TAC test, SA at doses of 6.25 ug/mL
and 12.5 pg/mL significantly increased the
antioxidant level, and at doses of 50 pg/mL and
100 pg/mL, it significantly decreased it.
Considering the TOS test, a significant increase
in oxidant levels was observed at doses of 6.25
pg/mL, 25 pg/mL, 50 pg/mL and 100 pg/mL.
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Figure 2. Effect of SA on TAC and TOS levels in HT-29
cells (p<0.05, the difference between groups **; p<0.001,
the difference between groups ***)

4. Discussion

CRC is one of the most common cancers
worldwide, with between one and two million
new cases diagnosed each year, and its incidence
has been increasing year by year (Inés Marmol et
al., 2017). CRC; it is associated with biological
damage caused by many pathological factors

such as oxidative stress caused by reactive
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oxygen species (ROS) on DNA and RNA,
parameter changes in the antioxidant system and
lipid peroxidation (Yiicel et al., 2012).

In the group of polyphenols, phenolic acids
are compounds with antioxidant effects
(Srinivasulu et al., 2018). SA, in its phenolic
component structure, is a bioactive compound
with antioxidant, anti-inflammatory, anti-lipid
peroxidative and anti-cancer effects through its
effects on target molecules involved in the cell
cycle. It also functions as a free radical
scavenger and acts against ROS (Ferah Okkay et
al., 2022). It has been reported that ROS levels in
CRC cells are generally higher than in normal
cells and potential ROS-targeted therapies
against CRC are promising (Lin et al., 2018). In
a study conducted in 2019, it was stated that SA
induced cytotoxicity by causing an increase in
ROS on the Human Hepatoblastoma Cell Line
(HEPG2). Thus, SA can have a positive
therapeutic effect in anticancer research with its
various effects on ROS (Gheena & Ezhilarasan,
2019).

Antioxidants are known to play a central
role in preventing lipid peroxidation (Clemente
et al., 2020). It has been stated that SA is a
strong inhibitor of low-density lipoprotein
oxidation, supports the scavenging of free
radicals, and shows antioxidant activity by
reducing malondialdehyde (MDA) production.
Sancak et al., in his study, it was shown that SA
significantly increased TAC levels and
significantly decreased TOS levels in rats with

renal ischemia reperfusion (Sancak et al., 2016).
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In another study, it was shown that SA treatment
applied to rats with acute pancreatitis
significantly reduced TOS levels, which have an
effect on oxidative stress (Cikman et al., 2015).
In our current study, in the TAC test, SA at doses
of 6.25 pg/mL and 12.5 pg/mL significantly
increased the antioxidant level, and at doses of
50 pg/mL and 100 pg/mL, it decreased it.
Considering the TOS test, a significant increase
in oxidant levels was observed at doses of 6.25
pg/mL, 25 pg/mL, 50 pg/mL and 100 pg/mL.
This suggests that SA at doses of 50 pg/mL and
100 pg/mL may be toxic to HT-29 cells. In our
study, it can be said that the positive effects of
SA on increasing antioxidant levels and reducing
oxidative stress support the studies in the
literature, and the ideal dose of its effect on HT-
291s 12.5 pg/mL.

In addition to oxidative stress and lipid
peroxidation, inflammation is known to be an
important trigger in CRC. Growing evidence
reveals the potential role of inflammation in the
development and progression of CRC types, as
well as treatment with anti-inflammatory drugs
(Long et al., 2017). A study has shown that SA
inhibits the development of inflammatory
mediators by modulating the AKT/mTOR
signaling pathway on gastric cancer, thus it can
induce apoptosis in various cancer cells (Jinjin
Pei et al., 2021). For this reason, SA may be a
candidate agent for use in CRC treatment with its

anti-inflammatory effect.

SA sensitizes CRC cells to conventional

chemotherapeutic drugs. It has been stated that
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this effect of SA may be related to its inhibition
of molecular targets in cancer treatment (Abaza
et al., 2013). According to our MTT results, the
significant decrease in viability of HT-29 cells
confirms the toxicity of SA on cancer cells.
Further studies are needed to prove whether this
toxicity is related to inhibition of molecular

targets.

In a study conducted by Mihanfar et al., SA
reduced the viability of SW-480 human
colorectal cells within 48 hours (Mihanfar et al.,
2021). In our study, the fact that SA significantly
reduced HT-29 cell viability at doses of 6.25
pg/mL, 12.5 pg/mL, 25 pg/mL, 50 pg/mL and
100 pg/mL within 24 hours supports the
information in the literature. While SA caused a
significant decrease in cell viability at a dose of
12.5 pg/mL, it did not cause a significant
decrease in TOS levels. For this reason, we think
that the most ideal dose in terms of reducing cell
viability and increasing antioxidant levels is 12.5

pug/mL.

5. Conclusion

Studies show that the antioxidant, anti-
inflammatory, anti-lipid  peroxidative and
anticancer effects of SA on CRC. This
investigate supports the evidence showing the
curative effect of SA on CRC.
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