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ABSTRACT

5-fluorouracil (5-FU) is a potent anticancer agent, but its significant
tissue toxicity associated with increased oxidative stress and
inflammation can limit its clinical use. Chlorogenic acid (CGA) is a
dietary polyphenol found in a variety of foods and beverages,
including coffee, apple, pear, strawberry and grape. It was aimed to
evaluate the therapeutic effects of CGA on 5-FU-induced
ovotoxicity through oxidative stress and inflammation parameters in
this study. Thirty female Sprague-Dawley rats were divided into 5
groups with equal numbers of subjects (n=6): control, 5-FU (100
mg/kg), 5-FU+CGA (1.5 mg/kg), 5-FU+CGA (3 mg/kg) and CGA
(3 mg/kg). The ovarian tissue levels of malondialdehyde (MDA),
total oxidant status (TOS), total antioxidant status (TAS), 8-
hydroxy-2'-deoxyguanosine (8-OHdG), catalase (CAT) and
interleukin-6 ~ (IL-6) were determined using commercial
spectrophotometric kits. While 5-FU treatment increased MDA,
TOS, 8-OHAG and IL-6 levels in ovarian tissue, it significantly
decreased TAS and CAT levels (p<0.05). These parameters,
indicating 5-FU-induced toxicity, were significantly reversed with
CGA administrations in a dose-dependent manner (p<0.05). The
results support the view that CGA may be a useful modulator in
attenuating 5-FU-induced ovotoxicity.

Keywords: 5-fluorouracil, Chlorogenic acid, Inflammation,
Ovotoxicity, Oxidative stress

OZET

5-florourasil (5-FU) giiglii bir antikanser ajandir, ancak artan
oksidatif stres ve inflamasyon ile iligkili 6nemli doku toksisitesi
klinik kullanimini sinirlayabilmektedir. Klorojenik asit (CGA)
kahve, elma, armut, ¢ilek ve liziim dahil olmak tizere gesitli yiyecek
ve iceceklerde bulunan bir diyet polifenoliidiir. Bu c¢aligmada,
CGA'nin 5-FU ile indiiklenen yumurtalik dokusu toksisitesi iizerine
terapotik etkilerinin oksidatif stres ve inflamasyon parametreleri
acisindan degerlendirilmesi amaglandi. Otuz Sprague-Dawley irki
disi sican esit sayida denek (n=6) iceren 5 gruba ayrildi: kontrol, 5-
FU (100 mg/kg), 5-FU+CGA (1.5 mg/kg), 5-FU+CGA (3 mg/kg) ve
CGA (3 mg/kg). Yumurtalik dokularinda malondialdehit (MDA),
toplam oksidan durum (TOS), toplam antioksidan durum (TAS), 8-
hidroksi-2'-deoksiguanozin (8-OHdG), katalaz (CAT) ve interlokin-
6 (IL-6) seviyeleri ticari spektrofotometrik kitler kullanilarak
belirlendi. 5-FU uygulamasi yumurtalik dokusunda MDA, TOS, 8-
OHdG ve IL-6 diizeylerini artirirken, TAS ve CAT diizeylerini
anlamli olarak azaltt1 (p<0.05). 5-FU ile indiiklenen toksisiteyi
gosteren bu parametreler, CGA tedavisi ile doza bagl bir sekilde
anlamli derecede tersine ¢evrildi (p<0.05). Sonuglar, CGA'nin 5-FU
ile indiiklenen yumurtalik dokusu toksisitesini azaltmada faydali bir
modiilator olabilecegi goriisiinii desteklemektedir.
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INTRODUCTION

Cancer is a growing public health problem and

responsible for millions of deaths worldwide each year.!
Chemotherapy is a form of drug therapy that aims to kill
fast-growing tumor cells with powerful chemicals in the
body.? 5-Fluorouracil (5-FU) is a chemotherapeutic
drug that is widely used in the treatment of colorectal,
esophageal and gastric cancers.® The antitumor effects
of 5-FU are mainly due to its suppression of DNA and
RNA synthesis by inhibiting thymidylate synthase.? The
toxic effect of 5-FU is dose dependent and also varies
from patient to patient, which can sometimes lead to
discontinuation of therapy. Common intolerable,
serious and painful side effects of 5-FU-based
chemotherapy are mucositis, hepatorenal toxicity,
diarrhea, myelosuppression, cardiotoxicity, dermatitis
and reproductive toxicity.?* The reproductive toxicity of
5-FU is generally associated with developmental block,
malformation and ovarian damage in females. The
cytotoxicity of 5-FU potentially contributes to ovarian
dysfunction and puts patients at risk for menopausal
complications and infertility.? It has been suggested that
5-FU-induced tissue toxicity is associated with
increased oxidative stress and inflammation due to
increased formation of reactive oxygen species (ROS),
lipid peroxidation and decreased glutathione levels.? It
is therefore very important to determine the compounds
that will eliminate 5-FU-induced ovotoxicity and to use
them after chemotherapy in female patients for the
continuation of fertility.*

Natural products have become very popular in
recent years with their success in complementary
therapy. Due to the phenolic compounds of natural
products, they exhibit antioxidant, anticancer, anti-
inflammatory, antimicrobial and immunomodulatory
effects.> Chlorogenic acid (CGA) is one of the most
common phenolic acids in the human diets and is
commonly found in a variety of natural products, such
as tea, beans, coffee, mulberry fruits, cocoa, citrus fruits,
apple and pears.® It has many beneficial biological
effects, such as antidiabetic, anti-obesity, antioxidant,
anti-inflammatory, antimicrobial, anticancer,
neuroprotective, cardioprotective, hepatoprotective and
renoprotective.®’ There are increasing evidences in the
literature that CGA reduces the toxicity of various
chemotherapeutic agents, such as methotrexate, 5-FU
and cyclophosphamide, in testicular, kidney and ovarian
tissues through its antioxidant and anti-inflammatory

potential >®° Although the protection of female
reproductive  health against 5-FU toxicity in
chemotherapy is crucial for the maintenance of fertility,
to our knowledge, there are no studies of the therapeutic
effect of CGA on 5-FU-induced ovarian damage in an
experimental rat model. The aim of this study was
therefore to determine whether CGA could provide a
therapeutic effect against 5-FU-induced ovarian damage
and to elucidate the underlying molecular mechanisms
in terms of oxidative stress and inflammation.

METHODS

Chemicals

Phosphate buffered saline (PBS) tablet, dimethyl
sulfoxide (DMSO), phosphoric acid, thiobarbituric acid,
1,1,3,3-tetramethoxypropane, sodium carbonate, 5-FU
and CGA were purchased from Sigma-Aldrich (St.
Louis, MO, USA). All reagents used were of analytical
grade and of the highest purity.

Animals

The experiments were performed in accordance with the
Guidelines for Animal Research from the National
Institute of Health and were approved by the Local
Animal Research Ethics Committee of Karadeniz
Technical University (Protocol no: 2022/15). In this
experimental study, 30 female Sprague-Dawley rats
(weighing 150+25 g and 8-10 weeks old) obtained from
the Surgical Practice Research Center of Karadeniz
Technical University were used. The estrus stages of the
rats were determined using staining the vaginal smear
sample according to the Papanicolaou staining
procedure and examining the cell types under the
microscope, and only rats whose estrus stage was
confirmed were included in the study.?

Experimental design

Rats were housed for two weeks at standard temperature
(22+2°C) conditions and on a 12 h light/dark cycle to
adapt to the environment. Then, animals were divided
into 5 groups (6 in each group) as follows:

Group I (Control): The rats received saline in first day
intraperitoneally (ip) and DMSO (ip) for three
consecutive days.

Group 11 (5-FU): 5-FU was applied as a single dose (in
saline, 100 mg/kg, ip) on day 1 of the experiment
followed by DMSO (ip) for 3 days.

Group Il and IV (5-FU+CGA; 1.5 and 3 mg/kg): 5-
FU was applied as a single dose (in saline, 100 mg/kg,
ip) on day 1 of the experiment. Rats received CGA (1.5
and 3 mg/kg, ip) for 3 days from day 1.



Group V (CGA per se): Rats received the equivalent
volumes of saline (ip) on day 1 and were treat with CGA
(3 mg/kg, ip) for 3 days from day 1. CGA (dissolved
with DMSO)12 and 5-FU*** doses used in this study
were determined according to previous related studies.
The animals were fasted overnight after the final
treatment and sacrificed by cervical dislocation on the
5% day, after which the ovaries were removed from the
animals in each group.!® The ovarium tissues were
excised and stored at -80°C for subsequent biochemical
analysis.

Biochemical analysis

The tissue samples were homogenized at 9500 rpm in 2
mL of PBS using a homogenizer (IKA, T25 Ultra-
Turrax, Staufen, Germany). The supernatant portions
were separated by means of centrifugation at 1800xg for
10 min at 4°C and used in the biochemical analysis.
Protein levels of the supernatants were determined using
a commercial kit (Pierce BCA Protein Assay Kit,
Thermo Scientific, Rockford, IL) according to the
manufacturer's instructions and calculated as mg/mL
bovine serum albumin equivalent. All biochemical
parameters measured in the supernatants were
proportioned to the amount of protein and expressed as
per mg protein. Malondialdehyde (MDA) levels of
tissue samples were determined according to the method
developed by Mihara and Uchiyama.’* 1,1,3,3-
tetramethoxypropane was used as a standard and tissue
MDA levels were expressed as nmol/mg protein. Tissue
total oxidant status (TOS) and total antioxidant status
(TAS) levels were determined using commercial
colorimetric kits (Rel Assay Diagnostics, Gaziantep,
Turkey)  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
(n ydrogen p q / )X 100

OSl (arbitrary unit) = TAS (umoL trolox equivalent/L)
Tissue catalase (CAT), 8-hydroxy-2'-deoxyguanosine
(8-OHdG) and interleukin-6 (IL-6) levels were
determined  using  commercial  enzyme-linked
immunosorbent assay (ELISA) kits (Fine Biotech Co.
Ltd, Wuhan, China) according to the manufacturer's

recommendations. 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

There was a significant increase in the ovarian MDA,
TOS and OSl levels in the 5-FU-treated group compared
to the control group (p=0.011, p=0.003 and p=0.001,
respectively). CGA (1.5 mg/kg) treatment only
provided a significant improvement in OSI levels
compared to 5-FU group (p=0.045). However, CGA (3
mg/kg) treatment decreased the levels of MDA, TOS
and OSI significantly compared with 5-FU group
(p=0.012, p=0.003 and p=0.001, respectively). While
the TAS value was significantly decreased in the 5-FU
group compared to the control group (p=0.015), CGA (3
mg/kg) treatment significantly restored the TAS value
compared to the 5-FU group (p=0.043). (Table 1). We
observed sigficantly increased 8-OHdG and IL-6 levels
and decreased CAT levels in only 5-FU-treated animals
as compared to control animals (p=0.0001, p=0.003 and
p=0.0001, respectively). CGA (1.5 mg/kg) treatment
only provided a significant improvement in 8-OHdG
levels compared to 5-FU group (p=0.02). However,
CGA (3 mg/kg) treatment restored the levels of 8-
OHdG, IL-6 and CAT significantly compared with 5-
FU group (p=0.0001, p=0.004 and p=0.0001,
respectively). There was a statistically significant
difference between CGA doses in terms of 8-OHdG and
CAT parameters (p=0.01 and p=0.0001, respectively)
(Figure 1). In addition, there was no statistically
significant difference between the control group and the
CGA (3 mg/kg, per se) groups in terms of biochemical
parameters (p>0.05) (Table 1 and Figure 1).



Table 1. Effect of CGA and 5-FU on oxidative stress markers of ovarian tissues

Control 5-FU 5-FU+CGA 5-FU+CGA CGA
(1.5 mg/kg) (3 mg/kg) (3 mg/kg)
MDA (nmol/mg protein) 29.7£5.9 65.8+£31.92 38.2+17.1 30.248.2° 27.9+£9.3
TOS (uM H20: equivalent/L) 10.3+1.6 39.3£19.72 22.1£18.0 10.9+1.4° 11.6£1.2
TAS (mM trolox equivalent/L) 1.03+0.6 0.33+0.22 0.5540.3 1.1£0.4° 0.9740.3
OSI (arbitrary unit) 1.2540.5 15.4+10.32 5.95+4.3P 1.2240.7° 1.30+0.4

5-FU: 5-fluorouracil, CGA: chlorogenic acid, MDA: malondialdehyde, TOS: total oxidant status, TAS: total antioxidant status, OSI: oxidative stress index.
P-values according to one-way ANOVA test, post-hoc Tukey test. Data were expressed as meantSD.

p<0.05 compared with control group,

Pp<0.05 compared with 5-FU group.
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Figure 1. Effect of CGA and 5-FU on CAT, 8-OHdG and IL-6 levels of ovarian tissues. All values were expressed as
mean+SD. 2Statistically significant from control group, *Statistically significant from 5-FU group (p<0.05), *Statistically
significant from 5-FU+CGA (1.5 mg/kg) group (p<0.05) using one-way ANOVA followed by Tukey’s post-hoc
analysis.

DISCUSSION

The reproductive toxicity of antineoplastic agents used
for cancer treatment is a very important point to
consider as its potential impact on the health of
offspring and female patients.? Although 5-FU is one of
the most commonly used chemotherapeutics, the
discovery that it can cause reproductive system toxicity
in recent years,'®!° has accelerated the search for
molecules that can eliminate 5-FU-induced toxicity. It
is emphasized that the toxicity of chemotherapeutics in

normal tissues is due to the induction of inflammation,
apoptosis and oxidative stress damage.® We therefore
aimed to investigate the therapeutic effect of CGA,
which is known for its effective antioxidant properties,
on 5-FU-induced ovarian damage in an experimental rat
model for the first time. 5-FU-induced lipid
peroxidation and free radical generation leading to cell
membrane damage are considered as the main
mechanism behind its toxic effects.?X MDA, one of the
end products of lipid peroxidation, is a highly toxic



compound that cross-links cellular macromolecules,
such as protein and DNA, giving them antigenic
properties.?? 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.?
The increased MDA, TOS, OSI and 8-OHdG levels and
decreased TAS levels in 5-FU-treated rats indicates that
ROS-induced oxidative cell damage is mediated by 5-
FU toxicity. These findings are consistent with data
from previous studies demonstrating that 5-FU
increases oxidative stress and DNA damage.®®242 CGA
treatments restored these levels in a dose-dependent
manner. The alleviation of oxidative stress and DNA
damage parameters by CGA treatments with may be due
to the free radical scavenging potential of CGA.5’
Consistent with our results, CGA has previously been
shown to prevent chemotherapeutic-induced tissue
damage by inhibiting oxidative stress in experimental
models.811:26

The antioxidant system constantly tries to keep
the endogenous and exogenous ROS production in
balance, preventing tissue damage.'®° CAT is the enzyme
with the highest known turnover number and catalyzes
the reduction of hydrogen peroxide to water.?” Our
findings showed that systemic administration of 5-FU
suppressed CAT activity in ovarian tissue. It can be said
that this situation may have made the ovarian tissue
more prone to 5-FU-induced damage. This is consistent
with the results of previous experimental studies on 5-
FU-induced tissue damage.??® However, treatments
with CGA significantly increased the levels of CAT in
a dose-dependent manner. Similarly, CGA has
previously been shown to prevent chemical-induced
tissue damage by increasing the levels of antioxidant
enzymes in experimental models.>2

Inflammation is a physiological response of the
organism to tissue damage caused by exogenous or
endogenous factors. However, an unregulated and
excessive inflammatory response can lead to excessive
tissue damage, resulting in chronic disease states.?
Increasing evidences have revealed that inflammation
plays an important role in the occurrence of 5-FU-

related tissue damage.?®® IL-6 is a very important
cytokine involved in the pro-inflammatory process and
there is a positive correlation between increased 1L-6
levels and the degree of inflammation.3*2 Our findings
revealed that high IL-6 levels appeared in the ovarian
tissue of rats exposed only to 5-FU, and CGA treatments
significantly reduced these values in a dose-dependent
manner. This improvement appears to be due to the anti-
inflammatory property of CGA, which has often been
demonstrated.® Consistent with our results, CGA has
previously been shown to prevent chemical-induced
tissue damage by inhibiting inflammation in
experimental models.1t32-34

CONCLUSION

This study provides biochemical evidence for the
therapeutic efficacy of CGA against 5-FU-induced
ovarian toxicity. Extensive additional research is
required to better understand the therapeutic effect of
CGA against 5-FU-induced ovarian damage. Thus,
significant progress can be made regarding the use of
CGA in the elimination of chemotherapy-related
complications.
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