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Research Article
Abstract

Background and Objective: 5-fluorouracil (5-FU) is a widely used chemotherapeutic agent for colorectal cancer treatment;
however, its genotoxicity can lead to deoxyribonucleic acid (DNA) damage in healthy cells. Lycopene and Coenzyme Q10
are natural antioxidants capable of exerting protective effects against oxidative damage. This study was conducted to
determine the protective effect of lycopene combined with Q10 against 5-FU-induced genotoxicity in colorectal cancer
(SW480) and bone marrow mesenchymal stem cells (MSCs) cell lines using the Comet assay.

Methods: This descriptive-analytical study was conducted on SW480 and MSCs cell lines obtained from the Iranian Genetic
Resources Cell Bank at the Cell Culture Laboratory of the Faculty of Pharmacy in 2023. The SW480 and MSCs cell lines
were cultured at a density of 10% and exposed to a single dose of 5-FU (1 uM) along with various concentrations of lycopene
and Q10 (0, 10, 20, and 30 uM). For each cell line, seven groups were defined: A control group (without treatment); a 5-FU
group at optimum concentration (1 uM); groups receiving Q10 at 10, 20, and 30 uM plus lycopene at 10, 20, and 30 pM,
respectively, comined with receiving 5-FU at optimum concentration (1 uM); a group receiving Q10 alone (30 puM); and a
group receiving lycopene alone (30 uM). Cytotoxicity was evaluated using 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl
tetrazolium bromide (MTT) assay, and DNA damage was assessed via the Comet assay.

Results: 5-FU caused a significant decrease in cell viability and a significant increase in DNA damage (P<0.05). Lycopene
and Q10 alone did not exhibit significant cytotoxicity. The combination of lycopene and Q10 with 5-FU culminated in
increased cell viability and decreased DNA damage compared to the group treated with 5-FU alone.

Conclusion: Lycopene and Q10 demonstrated significant protective effects against 5-FU-induced genotoxicity in both
SW480 and MSCs cell lines.
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Introduction

Colorectal cancer is one of the most prevalent malignancies
worldwide, characterized by a high mortality rate. The genetic
and molecular complexities of this disease have presented
significant challenges for effective treatment. Currently, 5-
fluorouracil (5-FU) remains a primary chemotherapeutic agent
for colorectal cancer; however, its administration is associated
with various adverse effects. The most critical of these adverse
effects is the 5-FU-induced genotoxicity, which can induce
damage to the deoxyribonucleic acid (DNA) of healthy cells,
particularly bone marrow cells. Such damage serves as a
precursor to secondary diseases, immune dysfunction, and even
the development of new malignancies. Therefore, identifying
strategies to mitigate the effects of 5-FU-induced genotoxicity,
while maintaining its therapeutic efficacy, is of paramount
importance.

In recent years, the utilization of natural compounds with
antioxidant properties has gained significant attention as a
complementary approach in cancer therapy. Antioxidants
prevent oxidative damage to DNA and other cellular components
by neutralizing free radicals. Lycopene and Coenzyme Q10 are
two natural antioxidants whose protective roles against various
diseases, including cancer, have been well-established.
Lycopene is a pigmented compound characterized by potent
antioxidant activity. This natural carotenoid is found in red fruits
and vegetables-such as tomatoes, watermelon, and grapefruit-
and, by virtue of its eleven conjugated double bonds, effectively
neutralizes free radicals and mitigates cellular damage.

Coenzyme Q10 is a naturally occurring compound localized
within cellular membranes, particularly the mitochondria, where
it plays a critical role in cellular energy production (adenosine
triphosphate [ATP]). As an endogenous antioxidant synthesized
in all cells, Q10 is integral to both energy metabolism and
antioxidant defense. It functions by protecting cells against
oxidative damage, mitigating oxidative stress, enhancing
mitochondrial activity, regulating gene expression, and
inhibiting inflammatory responses. Furthermore, Q10 modulates
immune and antioxidant homeostasis, improves glucose and
lipid metabolism, and prevents senescence and apoptosis by
reducing the production of mitochondrial reactive oxygen
species (ROS).

Given the significance of mitigating the side effects of
chemotherapeutic agents and enhancing their efficacy, this study
was conducted to determine the protective effect of lycopene
combined with Q10 against 5-FU-induced genotoxicity in
colorectal cancer (SW480) and bone marrow mesenchymal stem
cells (MSCs) cell lines using the Comet assay.

Methods

This descriptive-analytical study was conducted on SW480
and MSCs cell lines obtained from the Iranian Genetic
Resources Cell Bank at the Cell Culture Laboratory.

For each cell line, the classification consisted of 7 groups as
follows:

1. Control group: No treatment

2.5-FU (1 uM) group.

3. Q10 (10 uM) + lycopene (10 uM) treated with 5-FU (1 uM)
group.

4. Q10 (20 uM) + lycopene (20 uM) treated with 5-FU (1 uM)
group.

5. Q10 (30 uM) + lycopene (30 uM) treated with 5-FU (1 uM)
group.

6. Q10 (30 uM) group.

7. Lycopene (30 uM) group.

Cell Culture and Cytotoxicity Evaluation: The cell line was
cultured in Roswell Park Memorial Institute 1640 (RPMI-1640)
medium supplemented with 10% fetal bovine serum (FBS) and
1% penicillin-streptomycin antibiotic solution. The cultures were
maintained in an incubator at 37°C under adequate humidity and
5% carbon dioxide (CO,). For implementing various tests, once
the cells reached at least 70-80% cell growth, they were
detached from the flask bottom using trypsin-
ethylenediaminetetraacetic acid (EDTA) and centrifuged at 1500
rpm for 6 minutes. The resulting cell pellet was resuspended in 1
mL of culture medium. Cell viability was determined by mixing
equal volumes of the cell suspension and Trypan blue dye using
a hemacytometer under an optical microscope. After ensuring
the absence of contamination, cells with a viability exceeding
90% were utilized for the test.

In the initial step, the effective concentrations of Lycopene
(10, 20, and 30 uM) and Q10 (10, 20, and 30 uM) at optimum
concentration of 5-FU (IC50) were determined via the 3-[4,5-
dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT)
assay as a pre-treatment.

Deoxyribonucleic Acid (DNA) Damage Evaluation: Cells were
first exposed to various concentrations of Lycopene (10, 20, and
30 uM) and Q10 (10, 20, and 30 pM) for a 24-hour period.
Subsequently, the cells were treated with 5-FU for one hour.
DNA damage was then evaluated using the Comet assay.

Images were captured from the prepared slides and analyzed
using Comet Score software. Key parameters, including Comet
length, DNA% in tail, and tail moment, were measured for each
sample.

Results

The Effects of Lycopene and Q10 on the Viability of Bone
Marrow Mesenchymal Stem Cells (MSCs) Exposed to 5-
Fluorouracil (5-FU): In the control group, cells exhibited full
viability. Treatment with 1 uM 5-FU significantly reduced cell
viability. However, combined treatments of Q10 and Lycopene
plus 5-FU modulated the adverse effects of 5-FU. Specifically,
the combination of Q10 and Lycopene with 5-FU led to an
increase in cell viability compared to treatment with 5-FU alone.
Compared to the negative control group, only the group treated
with 30 uM Lycopene and 30 uM Q10 (7548.46) showed a
statistically significant difference (P<0.001). Furthermore, when
compared to the positive control group, all groups demonstrated
statistically significant differences (P<0.05).

The Effects of Lycopene and Q10 on Genetic Damage in Bone
Marrow Mesenchymal Stem Cells (MSCs) exposed to 5-
Fluorouracil (5-FU): DNA damage across various experimental
groups was quantified using three primary parameters: DNA% in
tail, tail length, and tail moment. The control group exhibited
relative DNA integrity, recording the lowest values for DNA%
in tail, tail length, and tail moment. In contrast, the group
exposed to 1 uM 5-FU demonstrated a significant increase in
DNA damage, characterized by markedly elevated levels of
DNA% in tail, tail length, and tail moment.

Across various concentrations of Q10 and Lycopene, a
significant reduction in DNA damage was observed compared to
the group treated with 5-FU alone (P<0.001). Notably, at higher
concentrations (30 pM Q10 and 30 pM Lycopene), DNA
damage was substantially diminished (P<0.001), demonstrating
the potent protective effects of these compounds.

Moreover, the 30 pM Q10 and 30 pM Lycopene treatment
groups exhibited the lowest levels of DNA damage, comparable
to the control group, indicating high cellular tolerance
(P<0.001).
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In comparison with the negative control group, a significant
difference was observed in all treatment groups, except for the
30 pM Lycopene and 30 pM Q10 groups (P<0.001).
Furthermore, compared to the positive control group, the groups
receiving 5-FU + 20 uM Lycopene + 20 pM Q10 (DNA% in
tail: 15+1.656, tail length: 39+2.856, and tail moment:
19+2.456) and 5-FU + 30 uM Lycopene + 30 pM Q10 (DNA%
in tail: 13+1.768, tail length: 35+1.465, and tail moment:
14+1.345) showed statistically significant differences (P<0.001).

The Effects of Lycopene and Q10 on the Viability of colorectal
cancer cells (SW480) Exposed to 5-Fluorouracil (5-FU): The
control group exhibited 100% cell viability and maintained
complete cellular integrity in the absence of any treatment.

Treatment with 1 pM 5-FU significantly reduced cell viability
(P<0.001). The combination of these compounds with various
concentrations of 5-FU resulted in higher cell viability compared
to 5-FU treatment alone, though it remained lower than the
control group. Notably, at higher concentrations (30 uM Q10
and 30 pM Lycopene), cell viability increased significantly
(P<0.001). Moreover, monotherapy with 30 pM Q10 and 30 uM
Lycopene showed cell viability levels close to the control group,
indicating high cellular tolerance to these compounds.

In comparison with the negative control group, only the 30 pM
Lycopene and 30 pM Q10 group (75%8.27) showed no
statistically significant difference. Furthermore, compared to the
positive control group, all groups exhibited statistically
significant differences, except for the 1 uM 5-FU + 10 pM
Lycopene + 10 pM Q10 group (P<0.001).

The Genoprotective Effects of Lycopene and Q10 on the
Viability of Colorectal Cancer Cells (SW480) Exposed to 5-
Fluorouracil (5-FU): The control group exhibited the lowest
level of DNA damage (P<0.001). Treatment with 1 uM 5-FU
induced a significant increase in DNA damage, characterized by
a higher DNA% in tail and increased tail length (P<0.001). The
addition of Q10 and Lycopene to 5-FU significantly attenuated
DNA damage (P<0.001). The protective effects of these
compounds were particularly pronounced at concentrations of 20
UM (DNA% in ftail: 15+1.245; tail length: 35+2.823; tail
moment: 17+2.264) and 30 uM (DNA% in tail: 12+1.852; tail
length: 27+1.145; tail moment: 15+1.843). Furthermore, groups
treated with Q10 and Lycopene alone demonstrated levels of
DNA damage comparable to those of the control group
(P<0.001).

Conclusion

According to the results of this study, the combination of
Lycopene and Q10 with 5-FU culminated to increased cell

viability and reduced DNA damage compared to the group
treated with 5-FU alone. This finding suggests that the
combination of these two antioxidants can more effectively
protect cells against 5-FU-induced genotoxicity. This effect is
likely attributed to the synergistic antioxidant and cytoprotective
properties of Lycopene and Q10.

In the present study, Lycopene and Q10 preserved the viability
of normal MSCs and enhanced the cytotoxic efficacy of 5-FU
against the cancer cell line. It has been demonstrated that
Lycopene can protect against DNA damage and other cellular
components by neutralizing free radicals and reducing oxidative
stress.

Lycopene and Q10 are potent antioxidants that inhibit
cytotoxicity, mitigate oxidative stress, and prevent DNA damage
and fragmentation. The results of our study further indicated that
Lycopene inhibited cytotoxicity in both normal and cancer cell
lines.
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