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ABSTRACT

Tissue toxicity caused by 5-fluorouracil (5-FU) is associated with
increased reactive oxygen species and inflammatory cytokines.
Sinapic acid (SA) has both antioxidant and anti-inflammatory
activities. Although SA has been shown to ameliorate chemical-
induced tissue damage in various experimental models, its effects
against 5-FU-induced ovarian damage have not yet been
investigated. It was therefore aimed to evaluate the therapeutic
potential of SA against 5-FU-induced ovarian damage in rats,
together with the mechanisms of oxidative stress and inflammation
in this study for the first time. Thirty rats were distributed into five
groups: control, 5-FU (100 mg/kg) 5-FU+SA (2.5 and 5 mg/kg) and
SA (5 mg/kg). 5-FU was applied to rats intraperitoneally on the 1%
day of experiments and then SA was administrated for 3 consecutive
days. The levels of lipid peroxidation [malondialdehyde (MDA)],
oxidative stress (total oxidant status (TOS) and oxidative stress
index (OSI)], antioxidant system [total antioxidant status (TAS), and
catalase (CAT)], DNA damage [8-hydroxy-2'-deoxyguanosine (8-
OHdG)] and inflammatory [interleukin-6 (IL-6)] markers in ovarian
tissues were determined using spectrophotometric methods. It was
determined that a single dose of 5-FU administration in rats
significantly increased oxidative stress and inflammation in the
ovarian tissue and suppressed the antioxidant system compared to
the control group (p<0.05). It was revealed that SA significantly
suppressed ovarian inflammation by decreasing IL-6 levels,
attenuates DNA damage by decreasing 8-OHdG levels, and also
provides restoration of oxidative stress by decreasing MDA, TOS
and OSI levels and increasing TAS and CAT levels in a dose-
dependent manner. In conclusion, we found that SA exhibits
therapeutic effects against 5-FU-induced ovarian damage. These
findings suggest that SA may be a potentially useful agent for
protection against chemotherapeutic-induced ovarian injury.
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OZET

5-florourasil (5-FU)'nun neden oldugu doku toksisitesi, artan reaktif
oksijen tiirleri ve inflamatuar sitokinler ile iligkilidir. Sinapik asit
(SA) bir fenolik asittir ve hem antioksidan hem de anti-inflamatuar
aktivitelere sahiptir. Cesitli deneysel modellerde SA'nin kimyasal
kaynakli doku hasarini iyilestirdigi gdsterilmis olmasina ragmen, 5-
FU kaynakli yumurtalik hasarina karsi etkileri heniiz
arastirilmamustir. Bu nedenle bu ¢alismada SA'nin siganlarda 5-FU
ile indiiklenen yumurtalik hasarina karsi terapotik potansiyelinin
oksidatif stres ve inflamasyon mekanizmalar ile birlikte ilk kez
degerlendirilmesi amaglandi. Otuz sigan bes gruba ayrildi: kontrol,
5-FU (100 mg/kg), 5-FU+SA (2,5 ve 5 mg/kg) ve SA (5 mg/kg).
Sicanlara deneylerin 1. giinii intraperitoneal yoldan 5-FU, ardindan
3 giin boyunca SA uygulandi. Yumurtalik lipid peroksidasyon
seviyeleri [malondialdehit (MDA)], oksidatif stres (toplam oksidan
durum (TOS) ve oksidatif stres indeksi (OSI)], antioksidan sistem
[toplam antioksidan durum (TAS) ve katalaz (CAT)], DNA hasari
[8-hidroksi-2'-deoksiguanozin ~ (8-OHdG)] ve inflamatuvar
[interlokin-6 (IL-6)] belirteclerinin diizeyleri spektrofotometrik
yontemlerle belirlendi. Siganlarda tek doz 5-FU uygulamasinin
kontrol grubuna goére yumurtalik dokusunda oksidatif stresi ve
inflamasyonu anlamli olarak arttirdigt ve antioksidan sistemi
baskiladig1 belirlendi (p<0.05). SA'nin IL-6 diizeylerini diisiirerek
over inflamasyonunu Onemli olgiide baskiladigi, 8-OHAG
diizeylerini diisiirerek DNA hasarini azalttig1 ve ayrica MDA, TOS
ile OSI diizeylerini diisiirerek ve TAS ile CAT diizeylerini artirarak
oksidatif stresin restorasyonunu doza bagimli bir sekilde sagladigi
ortaya konuldu (p<0.05). Sonug olarak, SA'nin 5-FU ile indiiklenen
yumurtalik hasarina karsi terapotik etkiler gosterdigini bulduk. Bu
bulgular SA'nin kemoterapétik kaynakli yumurtalik hasarina karsi
koruma igin potansiyel olarak yararli bir ajan olabilecegini
distindiirmektedir.
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INTRODUCTION

Cancer is the leading cause of death worldwide.t

Although chemotherapy is one of the most widely used
treatments to treat various types of cancer, the cytotoxic
effect of chemotherapeutic drugs on rapidly
proliferating normal cells remains an unsolved
problem.? With the increasing improvements in cancer
survival rates with chemotherapy, reducing the
significant long-term side effects that affect patients
following treatment is critical. For women, damage
from chemotherapy to the reproductive system results in
premature menopause and/or infertility.® 5-fluorouracil
(5-FU) is a widely used anti-neoplastic agent against a
variety of tumors, including carcinomas of the
gastrointestinal tract, breast, head and neck.* 5-FU
exhibits its effect by inhibiting RNA and DNA synthesis
in rapidly dividing cells, including cancer cells.® The
anticancer effect of 5-FU is due to its ability to inhibit
the enzyme thymidylate synthase and to form
intermediates, such as fluorouridine triphosphate and
fluorodeoxyuridine triphosphate, that are incorporated
into RNA and DNA. All these mechanisms suppress
DNA repair mechanisms that lead to cell death.*
However, 5-FU treatment can lead to significant toxic
conditions resulting in myelotoxicity, neurotoxicity,
cardiotoxicity and mucositis.® Although information on
reproductive toxicity is limited since 5-FU is usually
administered with other chemotherapeutic drugs, it has
been shown that 5-FU administration causes ovarian
damage in experimental animals in recent years.>” It is
well documented that overproduction of reactive
oxygen species (ROS) and inflammatory mediators play
a vital role in the toxic manifestations induced by 5-FU.
Therefore, it is suggested that the use of agents with
antioxidant and anti-inflammatory potential may be
beneficial in eliminating 5-FU-related tissue toxicity.?
The phytochemicals, found in plants, are
reported to have numerous benefits in the treatment of
cancer, liver ailments, diabetes, heart diseases, kidney
ailments, and many more. The use of plant-based
products has therefore increased significantly all over
the world.2 Phenolic compounds have attracted the
attention of researchers as their powerful antioxidant
properties can protect the body against free radicals and
oxidative stress in recent years.® Sinapic acid (3,5-
dimethoxy-4-hydroxycinnamic acid, SA) is a natural
herbal compound included in the phenolic acid group. It
is found in various natural products, such as wheat, rice,

spices, oil seeds, vegetables, citrus fruits, cereals and
vinegar.1®! Antioxidant, anti-inflammatory, anticancer,
antihyperglycemic, antidiabetic, hepatoprotective,
cardioprotective,  renoprotective,  neuroprotective,
anxiolytic and antibacterial activities of SA have been
demonstrated in previous studies.® The tissue
protective role of SA against dimethylnitrosamine,
cisplatin, bleomycin and cyclophosphamide induced
injury have also been previously reported.®t13
Therefore, we hypothesized that SA could effectively
suppress 5-FU-induced ovotoxicity and sought to
explore the therapeutic efficacy of SA against 5-FU-
induced ovarian damage and to uncover the mechanisms
underlying this in the current research for the first time.

METHODS

Chemicals and Kits

Phosphate buffered saline (PBS) tablet, phosphoric
acid, thiobarbituric acid, 1,1,3,3-tetramethoxypropane,
dimethyl sulfoxide (DMSO), SA and 5-FU were
purchased from Sigma-Aldrich (St. Louis, MO, USA).
All chemicals used were of analytical grade. The
bicinchoninic acid (BCA) assay kit used for the protein
levels of tissue samples determination was purchased
from Thermo Scientific (Rockford, IL). Total oxidant
status (TOS) and total antioxidant status (TAS) kits
were purchased from Rel Assay Diagnostics
(Gaziantep, Turkey). Rat catalase (CAT), 8-hydroxy-2'-
deoxyguanosine (8-OHdG) and interleukin-6 (IL-6)
enzyme-linked immunosorbent assay (ELISA) kits were
purchased from Fine Biotech Co. Ltd (Wuhan, China).
Animals

Thirty adult female Sprague-Dawley rats with
weighting 150-170 g and aged 7-8 weeks were obtained
from the Surgical Practice Research Centre of
Karadeniz Technical University. Animals were fed
standard rat chow with free access to tap water and
maintained under light-darkness for 12 h in a room
temperature  (22+3°C) and humidity (50+£20%)
controlled facility. Animals received humane care in
accordance with the guidelines of the US National
Institutes of Health, and the all stages of experiments
were approved by the Local Animal Research Ethics
Committee of Karadeniz Technical University (Protocol
no: 2022/14).

Experimental design

Thirty rats were assigned to 5 groups (n=6/group)
designated as: control, 5-FU (100 mg/kg), 5-FU+SA
(2.5 mg/kg), 5-FU+SA (5 mg/kg) and SA (5 mg/kg)



groups. 5-FU and SA were administered
intraperitoneally (i.p.) to rats. Group 1: Animals in the
control group were treated with saline on the first day
and DMSO for the following three days. Group 2:
Animals in the 5-FU group were administered 5-FU
(100 mg/kg) on the first day and DMSO for the
following three days. Group 3 and 4: The rats were
administered 5-FU (100 mg/kg) on the first day and 2.5
mg/kg and 5 mg/kg of SA for the following three days,
respectively. Group 5: Animals in the SA per se group
were administered saline on the first day and SA (5
mg/kg) for the following three days. 5-FU and SA were
prepared by dissolving with saline and DMSO,
respectively. The doses of 5-FU%4 and SAN16
administered to the rats were determined by considering
the previous literature. At the end of the fifth days, all
rats were sacrificed with cervical dislocation and their
ovaries were excised and stored at -80°C for
biochemical analysis.’

Biochemical analysis

Ovarian tissue was cut into small pieces and
homogenized with 2 mL of ice-cold PBS (pH: 7.4) using
a homogenizer (IKA, T25 Ultra-Turrax, Staufen,
Germany). Residues were removed from the
homogenate by centrifugation at 1800xg for 10 min at
4°C. The protein concentrations of the supernatants
were determined using a commercial BCA assay kit
using bovine serum albumin as the reference standard.

Malondialdehyde (MDA) levels of ovarian
tissues were determined by a previously published
method.*® 1,1,3,3-tetramethoxypropane was used as a
standard and tissue MDA levels were expressed as
nmol/mg protein.

Tissue TOS and TAS levels were determined
using commercial colorimetric kits according to the
manufacturer's recommendations. The TOS/TAS ratio
was used as the oxidative stress index (OSI) and was
calculated using the formula®®:

TOS (umoL hydrogen peroxide equivalent/L)

- x 100
TAS (umolL trolox equivalent/L)

OSI (arbitrary unit) =

Tissue CAT, 8-OHdG and IL-6 levels were
determined using commercial ELISA kits according to

the manufacturer's recommendations. The absorbance
measurement of biochemical markers measured by
ELISA method was performed using a microplate
reader (Molecular Devices Versamax, Sunnyvale, CA,
USA) at 450 nm wavelength. CAT, 8-OHdG and IL-6
levels were expressed mlU/mg protein, ng/mg protein
and pg/mg protein, respectively.

Statistical analysis

Data were analyzed with Statistical Package for the
Social Sciences (Version 23.0, NY, USA). The
compliance of the data to normal distribution was
evaluated with the Kolmogorov-Smirnov test.
Comparisons of the groups were carried out using one-
way analysis of variance (ANOVA) followed by
Tukey’s multiple comparisons test. Statistical
significance was set at p<0.05.

RESULTS

The levels of MDA, TOS, OSI, 8-OHdG and IL-6 in the
ovarian tissue were significantly enhanced in 5-FU-
induced rats compared with normal control rats (112%,
p=0.02; 545%, p=0.0001; 1550%, p=0.003; 591%,
p=0.0001 and 352%, p=0.001, respectively). SA (2.5
mg/kg) treatment significantly reduced only the levels
of 8-OHdG compared with 5-FU-induced rats without
treatment (39%, p=0.008). However, SA (5 mg/kg)
treatment significantly reduced the levels of MDA,
TOS, OSI, 8-OHdG and IL-6 compared with 5-FU-
induced rats without treatment (48%, p=0.038; 78%,
p=0.002; 92%, p=0.003; 81%, p=0.0001 and 78%,
p=0.001, respectively).

The TAS and CAT levels were significantly
decreased by 55% (p=0.02) and 49% (p=0.019),
respectively in the ovarian tissue of 5-FU-induced rats
compared with normal control rats. Treatment with SA
(5 mg/kg) significantly increased the reduced levels of
TAS and CAT by 55% (p=0.02) and 46% (p=0.038),
respectively compared with only 5-FU-treated rats.

In addition, treatment with SA (5 mg/kg) alone
did not show any significant change in the any
biochemical parameter levels compared with the control
group (p>0.05) (Table 1).



Table 1. Effect of SA treatments on ovarian oxidative stress, DNA damage and inflammatory parameters

Control 5-FU 5-FU+SA 5-FU+SA SA

(2.5 mg/kQ) (5 mg/kg) (5 mg/kg)
MDA (nmol/mg protein) 32.7£14.9 69.3+£23.8° 41.7£25.8 35.9+16.7° 29.247.6
TOS (uM H:0; equivalent/L) 9.80+0.68 63.2+£35.32 36.8+£25.0 13.846.26" 11.1+£4.00
TAS (mM trolox equivalent/L) 0.88+0.21 0.40+0.18? 0.60+0.33 0.88+0.32° 0.82+0.15
OSI (arbitrary unit) 1.17+0.28 19.3+13.72 9.724£9.63 1.62+0.54° 1.35+0.55
8-OHdG (ng/mg protein) 172480  118.9+22.4*  73.0£35.0*°  22.6+12.7°°  20.9+17.1
CAT (mlIU/mg protein) 148.8+46.9  76.3+13.0° 103.4+18.3 142.3+£38.1°  158.5+52.9
IL-6 (pg/mg protein) 132.4+46.2 598.9+213.28 347.54332.7 134.3+32.3° 129.4+41.7

5-FU: 5-fluorouracil, SA: sinapic acid, MDA: malondialdehyde, TOS: total oxidant status, TAS: total antioxidant status, OSI: oxidative stress index,

8-OHdG: 8-hydroxy-2'-deoxyguanosine, CAT: catalase, IL-6: interleukin-6.

P-values according to one-way ANOVA test, post-hoc Tukey test. Data were expressed as mean+SD.

a p<0.05 compared with control group,
b p<0.05 compared with 5-FU group,
¢ p<0.05 compared with 5-FU+SA (2.5 mg/kg) group.

DISCUSSION
5-FU is one of the most widely used chemotherapeutic
drugs in the treatment of various types of cancer.
However, tissue toxicity is one of the most important
side effects of 5-FU. Because 5-FU acts specifically on
tumor cells, but also on normally proliferating cells,
which ultimately results in severe toxicity.?’ Tissue
toxicity due to 5-FU is thought to be initially caused by
increased oxidative stress and associated inflammatory
and apoptotic processes.? Based on the fact that 5-FU
administration causes acute ovarian damage in
experimental models in recent years, it was aimed for
the first time to evaluate the effects of SA on the ovarian
tissue of rats administered 5-FU through oxidative stress
and inflammation parameters in the current study.
There is a constant production of ROS in the
human body as a result of metabolic processes.? In the
normal physiological state, ROS production in the body
is balanced by the cleansing antioxidant system. This
balance is disturbed due to overproduction of ROS
and/or insufficiency of the antioxidant system, and this
is called oxidative stress.? It has been revealed that
oxidative stress plays a role in the etiopathogenesis of
many pathological conditions, such as aging, cancer,
cardiovascular  diseases and  chemical-induced
damage.’®% Scientific evidences have shown that
oxidative stress plays a central role in mediating 5-FU-
induced tissue toxicity. Excessive production of ROS
causes membrane lipid peroxidation, carbohydrate,
protein and DNA damage and ultimately oxidative
cellular destruction.?® MDA is one of the end products
of lipid peroxidation, and an increase in MDA indicates
an increase in oxidative stress and a decrease in

antioxidant enzymes.?’ It is well known that two of the
crucial parameters for evaluating redox balance in
biological systems are TAS and TOS. While TAS
determines the overall ROS scavenging ability in a
biological sample, TOS can be defined as the
cumulative amount of total oxidants in the sample. For
the quantitative assessment of redox homeostasis
disorders, the OSI, which is called the "gold indicator of
oxidative stress", is used.® Oxidative stress also
increases DNA damage, and 8-OHdG is one of the main
products of DNA oxidation.?® Removal of free radicals
in biological systems is achieved through enzymatic and
non-enzymatic antioxidants, which act as the main
defense systems against free radicals.?® CAT, an
antioxidant enzyme, prevents oxidative stress-induced
cell damage by catalyzing the breakdown reaction of
H.O; to water and oxygen.?® The role of oxidative stress
and oxidative stress-induced DNA damage in 5-FU-
induced ovarian toxicity was evaluated by analyzing
markers of MDA, TOS, TAS, OSI and 8-OHdG in this
study. In the current study, ovarian tissue of rats treated
with 5-FU exhibited higher levels of MDA, TOS, OSI
and 8-OHdG, but lower levels of TAS and CAT,
compared to normal rats. These findings are consistent
with data from previous studies showing that 5-FU
increases oxidative stress and DNA damage and
suppresses the antioxidant system.26202631 A
treatments (2.5 and 5 mg/kg) significantly and dose-
dependently  attenuated  oxidative  stress, as
demonstrated by decreased lipid peroxidation, DNA
damage and renewed antioxidant levels compared to 5-
FU-treated rats alone. SA is considered an important
chain-breaking antioxidant that functions efficiently as



a radical scavenger. The role of SA as an antioxidant is
related to its hydrogen atom donating ability and its
ability to stabilize phenoxyl radicals generated through
the conjugate system. It is also reported that the
antioxidant function of SA is much more important than
ferulic acid and caffeic acid.® Alleviation of oxidative
stress and DNA damage parameters by SA treatments
suggested that SA is due to its free radical scavenging
potential and hydrogen atom donating ability. These
results confirmed the results of previous reports.1127:3233

Oxidative stress and inflammatory processes
are closely related, and inflammatory cytokines play an
important role in 5-FU-induced acute tissue injury.?* IL-
6 is a very important cytokine involved in the pro-
inflammatory process and there is a positive correlation
between increased IL-6 levels and the degree of
inflammation.® The role of inflammation in 5-FU-
induced ovarian toxicity was therefore evaluated by
analyzing marker of IL-6 in this study. Ovarian tissue of
rats treated with 5-FU exhibited higher levels of IL-6
compared to normal rats. These findings were consistent
with data from previous studies showing that 5-FU
increases tissue inflammation levels.2%21.26:% However,
IL-6 levels were found to be significantly reduced in the
ovarian tissue of rats which received SA treatment for 3
days after 5-FU injection. This alleviation may be due
to the effective anti-inflammatory activity of SA
resulting from its ability to regenerate the antioxidant
system.®® Consistent with our results, previous studies
have reported that SA can exert beneficial effects in
various models of chemical-induced organ damage,
through its ability to modulate pro-inflammatory
cytokines, including IL-6, tumor necrosis factor-alpha,
interleukin-1 beta, myeloperoxidase and nuclear factor-
kappa B.12.13.27.35.36

CONCLUSION

We demonstrated using an in vivo model that SA can
exert an ovoprotective effect against 5-FU-induced
ovarian injury for the first time. This is most likely due
to the antioxidant and anti-inflammatory activity of SA.
The use of natural antioxidants as potential therapeutic
agents in the abolition of chemotherapeutic-induced
tissue damage is of increasing interest. Our data suggest
that SA may also be useful in ameliorating 5-FU-
induced ovarian injury. However, more extensive
preclinical studies are required to prove its clinical
efficacy.
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