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SUMMARY: The aim of this study is to determine the potential therapeutic effects of CAPE in CP-induced nephrotoxicity in rats.
Cisplatin (CP) is an antineoplastic chemotherapeutic used for treatment of many cancer types but its applications mayhiodoxieitye
Caffeic acid phenethyl ester (CAPE) is an active component of propolis and it has several important physiological aats/tiese Rivided
into four groups: Control, CAPE (10mol/kg/i.p), CP (7 mg/kg/i.p), and CP+CAPE (7 mg/kg/i.p, CP anqub@l/kg/i.p, CAPE). After
administrations, animals were sacrificed, and kidney tissues were extracted. Histopathological changes were evaluated s ITN--
immunostaining were performed. Moreover, tissue SOD, CAT and MDA levels were measured by ELISA assay to assessment stiesglative
and lipid peroxidation. CP group showed histopathological deterioration compared to the Control group and CAPE treatratd thtienu
damage. When compared with Control and CAPE group, an increase i BN&-IL-6 immunoreactivities and tissue MDA levels were
observed in the CP group while a decrease in tissue SOD and CAT levels were detected. Furthermore, an improvement wastubserved
CP+CAPE compared to the CP group. We suggest that CAPE can be used as a therapeutic agent to attenuate the toxiplaffectbariss
to its antioxidant and anti-inflammatory properties.
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INTRODUCTION

As one of the most lethal diseases, cancer is widelseatment of many cancer types such as lung, breast, ovarian,
characterized by uncontrolled cell proliferation and divisiotesticle and head and neck cancers thanks to its anticancer
under the control of several genetic and environmental fact@stivity. Thus, it is the most commonly known
(Howladeret al, 2019). Nowadays, the long-term survivalchemotherapeutic among chemotherapy drugs (Dasari &
ratios of the patients and their life quality have increasetthounwou, 2014; Hanif & Hartinger, 2018). Although CP is
because of the increasing success rate of chemotheragged in many cancer treatments, it has many side effects
However, chemotherapeutics may cause serious damagenioluding neurotoxicity, nephrotoxicity, hepatotoxicity,
healthy organs because their mechanism of action could oinadotoxicity (Luet al, 2006; Santost al, 2008; Melliet
be completely understood (Patel & Kaufmann, 2012Rgl., 2008; Quintanilhat al, 2017; Kohsakat al, 2020).
Chemotherapeutics have several side effects and
nephrotoxicity is one of the most commonly known side effects Several studies have reported that CP chemotherapy
of them (Lampeet al, 1997). lead to oxidative stress via excessive formation of reactive

oxygen species (ROS), lipid peroxidation, inflammation and

Cisplatin (CP), also known as CP-apoptosis in kidney tissue (Al Fagi al, 2020; Ismaikt al,
diamminedichloroplatinum-11, is white or dark yellow-orange2020; Liuet al, 2020). ROS cause the production of hydrogen
crystalline powder at room temperature. CP is used for tiperoxide (H202) and hydroxyl radicals (OH) that can attack
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DNA, oxidize it and finally trigger apoptotic pathways intal Animal and Local Ethics' Committee with number 15/
both normal and tumoral tissue cells (Al-Dalaen & Al059/2015. In this study, all the animals received human
Qtaitat, 2014). Moreover, oxidative stress leads to lipidare according to standard guidelines. Thirty-eight male
peroxidation (LPO) in the cell through the production oWistar albino rats (9 weeks old, weighing 200-250 g) were
reactive oxygen species (ROS). The endogenous antioxidabtained from Hakan Cetinsaya Experimental and Clinic
system (glutathione peroxidase, superoxide dismutase &eésearch Center, Erciyes University, Kayseri, Turkey. Rats
catalase) aims to neutralize ROS. However, excessiwere kept at room temperature (20 -°23) for 12 hours
formation of ROS consumes endogenous antioxidants alight/12 hours dark cycle and ambient humidity for the
leads to peroxidation of membrane lipids and increases ttheration of the experiment. Standard chow and tap water
oxidation of proteins (Kumaet al, 2015). Formation of were given to animalad libitum At the beginning of the
excessive reactive oxygen species (ROS), the debilitatierperiment, the rats randomly divided into five groups as
of the antioxidant defense system and lipid peroxidation &llows; The Control group (h=8) were untreated rats, the
bio-membranes may cause the upregulation of inflammatadBAPE group (n=10) administered [i@/kg/i.p for 12 days
pathways and excessive releasing of pro- and an{®zenet al, 2004), the CP group (n=10) given7 mg/kg/i.p
inflammatory cytokines such as Tumor Necrose Factor-alpk@ on the 7 day of the experiment (Sadegttial., 2020)
(TNF-a) and Interleukin-6 (IL-6). Cytokines, which areand the CP+CAPE group (n=10) injected with 7 mg/kg/i.p
polypeptides produced and secreted by various cell typ&R on the 7 day of the experiment and CAPE for 12 days.
regulate immune and inflammatory events, including celixperiment continued for 14 days. At the end of the
growth, healing and systemic response to inflammatioexperiment, animals were anesthetized with 30 mg/kg
Thus, disequilibrium between cytokine expressions mdgetamine and 4 mg/kg xylazine and they were sacrificed.
induce necrosis and apoptosis (Noroehal, 1995). After sacrifice, kidney tissues were extracted from the
animals for the histopathological, immunohistochemical
Caffeic acid phenethyl ester (CAPE) has been and biochemical examinations. For later biochemical
commonly used intraditional medicine in Asia for thousandssays, tissue samples were kept af€30
years. CAPE is an active phenolic component of propolis in
the hives of honeybees and it has several importadistopathological evaluation. After sacrificing the
physiological activities such as antitumoral, antiproliferativeanimals, the kidney tissues were extracted and were fixed
anti-inflammatory, antineoplastic, and antioxidant propertiem 4 % formaldehyde for histological examination.
The content of propolis shows a common complex structuk®llowing dehydration and clearing, they were embedded
and it comprises waxes, resin, and volatiles. Moreover, tireparaffin. Sections were stained with periodic acid Schiff
whole content varies according to the geographical area. TRAS), photographs were taken with a light microscope
resin component of propolis includes phenolic acids, thgi@lympus BX51, Center Valley, PA). For histopathological
esters, terpenes, flavonoids, fatty acids, steroids, aromatoring, the following criteria were used; hemorrhage,
aldehydes, and alcohols. CAPE is the most commonly usglbmerular degeneration, tubular obstruction, tubular
and known substance among these components of propeisthelial shedding. Scoring was conducted as follows: 0 =
(Burdack, 1998). not at all, 1 = 0-25 %, 2 = 26-45 %, 3 = 46-75 %, and 4 =
76-100 % (Ozbilgiret al, 2016).
In this study, we aimed to investigate the potential
therapeutic effects of CAPE on CP-induced nephrotoxicityAS staining. Paraffin sections were incubated at°&8
in rats by investigating oxidative stress and inflammatiorior 2 hours. After deparaffinization and rehydration, they
For this purpose, a significant kidney damage was inducegtre washed with water. They were kept in periodic acid
by CP and CAPE administrations were performed tfor 10 to 15 min and washed with water. Sections were
eliminate the hazardous effects of CP. Furthermorglaced in the Schiff solution for 20 min at room temperature
histopathological, immunohistochemical and biochemicah the dark placeAfter washing under the water, they were
changes were evaluated to determine the effects of CP axghosed to hematoxylin solution. Acid-alcohol was applied,
CAPE. and they were washed and examined under the microscope
after dehydration and clearing.

MATERIAL AND METHOD Immunohistochemistry. Immunohistochemistry method
was used to investigate TNFand IL-6 immunoreactivities
in the kidney tissues. |5m sections were gotten from liver
Experimental design.The experimental protocol of this tissues embedded in paraffin blocks. The sections were kept
study was accepted by the Erciyes University's Experimein-the oven at 60 °C for at least 2 hr so that the paraffin
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melted. The tissues were deparaffinized and rehydrated us8tgtistical Analysis.All statistical analyses were carried out
xylene and alcohol series. Sections wefen into 0.01 M by using GraphPad Prism version 7.00 for Mac, GraphPad
citrate buffer and heated in microwave oven at 350 V8oftware, La Jolla, California, USA. D’Agostino Pearson
consequently antigen retrieval was obtained. Then, secti@mnibus test was used to identify the normal distribution of
were kept three times in phosphate buffered saline (PBiB§ data. In the case of normal distribution, quantitative va-
for 5 min. The sections were kept in 3 % (w/yHfor 10 riables were compared using one-way analysis of variance
min to block endogenous peroxidase activity. After washindA\NOVA) and Tukey’s post-hoc test. Kruskal Wallis test and
again 3 times in PBS, ultra v block solution was added faukey’s post-hoc test were used for comparing the quantitative
the tissues and kept in the tank for 5 min. After then, TNRvith the abnormal distribution. The data were expressed as
o (Cat. No: E-AB-52065, Elapscience, USA) and IL-6 (Cathe mean of normalized dattandard deviation of the mean.
No: E-AB-40073, Elapscience, USA) antibodies werp<0.05 was considered as statistically significant.

added to the tissues and incubated overnight at 4 °C. The

following morning, the tissues were washed again 3 times

with PBS and the secondary antibody (TA-125-HDXRESULTS

Thermo Fisher Scientific, Waltham, MA, USA) was

instilled for 10 min at room temperature. After washing

with PBS, the immunoreaction was amplified using theistopathological findings. Periodic acid Schiff staining
streptavidin—avidin—peroxidase complex and the sectiom®re performed to investigate the histopathological changes
were visualized using 3,30-p-diaminobenzidinén the kidney tissue. Healthy kidney tissue was observed in
tetrahydrochloride (TA-060-HDX, Thermo Fisherthe Control and CAPE groups. In the CP group, glomerular
Scientific, Waltham, MA, USA) lightly counter-stained withdegeneration, microvilli reduction and tubular dilatation were
Gill hematoxylin. For the final step, increasing alcohol sebserved and a significantly increase was observed in kidney
rial concentrations were used to remove water, the sectiateamage compared to the Control groppQ.0001). There
were then passed through xylene, and finally, they wenas a statistically significant decrease in the kidney damage
covered with an entellan. Images were taken using ligint CP+CAPE group compared to Cp<(.0001). PAS
microscope. Image J program was used to evaluate antibathyining of all experimental groups and statistical analysis
expressions (Karabulet al, 2016). of the histopathological score were given in Figure 1.

ELISA assay. The kidney tissue superoxide dismutasémmunohistochemical findings. Immunohistochemical
(SOD), catalase (CAT) and malondialdehyde (MDA) levelstaining was performed by using the avidin-biotin method
were  measured by  using Enzyme-linkedo determine the kidney tissue expressions of BiN&id
Immunosorbent Assay (ELISA) method. For this purposél -6. Immunohistochemical examinations demonstrated the
kidney samples stored -80 °C were used. The samples weresence of TN and IL-6immunoreactivity in the kidney
homogenized on ice and then centrifuged to remouessue of all experimental groups. The TNFand IL-6
supernatants. 150L of the supernatant were taken intoexpressions in the kidney of CAPE group were similar to
Eppendorf tubes separately for each group. For analydispse in the Control group. Especially, TMFand IL-6
Superoxide dismutase (SOD) (Cat. No: 201-11-0169, Simmunoreactivity were considerably increased in kidney
Red Biological Technology), Catalase (CAT) (Cat. No: 201tissue in CP group. However, TNFand IL-6 expressions
11-5106, Sun Red Biological Technology) andf CP+CAPE group were substantially less compared to
Malondialdehyde (MDA) (Cat. No: Cat. No: 201-11-0157those in the CP group. Figure 2 shows the immunostaining
Sun Red Biological Technology) ELISA kits were used. lof TNF-a and IL-6 and statistical analysis of the
standard preparation, standard diluent was added to 5 tubesnunoreactivity measurements in experimental groups.
Then 120uL of standard solution were added to the first

tube and mixed. After then, 120 from the previous tube Biochemical findings. The results of the levels of the
were added to the other 4 tubes respectivelyl46f 150 antioxidant enzymes measured by ELISA assay in the kidney
pL from the supernatant were added to the samples sectitissue and statistical analysis of them are shown in Table 1.
Then, we added 1j@L of antibody to the samples. We addedKidney tissue SOD and CAT levels showed a tendency to
50 pL of streptavidin HRP to both samples and standaidkcrease in the CP group compared to the Control and CAPE
section. Then, incubated 60 min at 37 °C oven. We washgaups (>0.05). However, SOD and CAT levels in the
plate five times and added chromogen solution A, B. We pGP+CAPE group were higher than those in the CP group. MDA
it in a 37 °C oven for 10 min. Afterwards, we added stolgvel significantly increased in tf@&P group compared to the
solution and measured the optical density (OD) under 48bntrol group §<0.001) while it significantly decreased in the
nM wavelength within 10 min. CP+CAPE group compared to the CP grquf)(001) (Fig3).
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Fig. 1. Light microscopy of kidney tissues stained with PAS in experimental groups. A PAS staining of
kidney tissues. Control group (untreated rats) and CAPE group (givyeg/Kd caffeic acid phenethyl

ester) showed normal histological structure. CP group (given 7 mg/kg cisplatin) presented glomerular
degeneration (yellow arrow), microvilli reduction (blue arrow) and tubular dilatation (black arrow).
CP+CAPE group showed an improvement in terms of histopathological changes induced by CP. B
Statistical analysis of the kidney damage score among experimental groups. Scale bar = 100 mm.
Abbreviations: PAS, periodic acid Schiff; CAPE, caffeic acid phenethyl ester; CP, cisplatin.
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Fig. 2. A, B Immunohistochemical staining of TNF-a and IL-6 in kidney tissues and statistical analysis
of the expression levels in experimental groups. A Control group (n=8) and CAPE group (n=10) showed
weak TNFea immunostaining in kidney tissue; CP group (n=10), TNF-a expression increased in the
kidney tissue; CP+CAPE group (n=10), TNiFexpression decreased. Similarly, weak IL-6
immunostaining was observed in the kidney sections of Control group (n=8) and CAPE group (n=10);
CP group (n=10), IL-6 expression increased in the kidney tissue; CP+CAPE (n=10) IL-6 expressions
were less when compared to the CP group. B Statistical analysis of the immunoreactivity density
measurements of the TNFFand IL-6 by using Image J program. Scale bar: 100 mm. Abbreviations:
CAPE, caffeic acid phenethyl ester; CP, cisplatin; Td\Famor necrose factor-a; IL-6, interleukin-6.
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Fig. 3. Measurements of the kidney tissue SOD, CAT and MDA levels obtained by ELISA assay and statistical analysis of them in
experimental groups. CP group (n=10) showed decreased tissue SOD and CAT levels compared to Control group (n=8) and CAPE group
(n=10). Moreover, tissue MDA level significantly increased in CP group (n=10) compared to Control group (n=8) and CAPE group
(n=10) {<0.05). However, increased tissue SOD and CAT levels and significantly decreased tissue MDpd@\33 (vere observed

in CP+CAPE group (n=10) compared to CP group. Graphs were drawn by using GraphPad Prism version 7.00 for Mac, GraphPad
Software, La Jolla, California, USA<0.05 was considered as significant. Abbreviations: CP, cisplatin; CAPE, caffeic acid phenethyl
ester; SOD, superoxide dismutase; CAT, catalase; MDA, malondialdehyde.

Table I. Kidney tissue levels of SOD, CAT and MDA levels among experimental groups.

Groups Control (n=8) CAPE (n=10) CP (n=10) CP+CAPE (n=10) p

SOD (na/ma) 5.86+1.32 7.70+£1.45 5.84+2.85 7.42+1.58 0.208
CAT (ng/mg) 51.96+12.75 57.58+17.52 43.69+9.90 49.63+3.92 0.422
MDA (nmol/mg) 0.87 +0.22 1.25+0.25 1.84+0.36¢ 1.30+0.23¢ 0.001

All data are expressed as the meaD. p <0.05 was considered as significant. * Significant when compared to Control and
CAPE group. # Significant when compared to CP group. Abbreviations: CP, cisplatin; CAPE, caffeic acid phenethyl ester; SOD,
superoxide dismutase; CAT, catalase; MDA, malondialdehyde.

DISCUSSION

The kidney is a vital organ in the body, but itis alsbas several important physiological activities such as
a major target organ for toxic drugs transmitted bgntitumoral, antiproliferative, anti-inflammatory,
bloodstream because of its high blood supply. Drugntineoplastic, and antioxidant properties (Burdock). Many
exposure-induced nephrotoxicity is one of the mostudies have reported that CP administrations cause a
common health complication (Meh¢h al, 2007). Thus, serious kidney damage by inducing tubular epithelial
the investigation of the new strategies to alleviatmjury, changes in glomerular space and infiltration of the
nephrotoxicity constitutes an active research area. imflammatory cells (Abd El-Kader & Taha, 2020; Sadeghi
addition to focusing on drug delivery and researching safetal). Moreover, several studies have reported that CAPE
therapeutics, determining the combinatorial strategies ameliorates the kidney damage induced by antineoplastic
nephrotoxic drugs and therapeutics is considered the ideabmotherapeutics such as CP (Oeeal; Akyol et al,
treatment for many kidney injuries induced by nephrotoxiz014). In this study, we aimed to investigate the potential
agents such as CP, which is an antineoplastikerapeutic effects of CAPE on CP-induced nephrotoxicity
chemotherapeutic. Many different therapeutics includinga focusing on oxidative stress and inflammation in rats.
antioxidants, nitric oxide modulators and anti-apoptotiéccording to our histopathological examination, we
agents have been investigated for their protective aotiserved that CP induced a serious kidney damage by
therapeutic effects on CP induced nephrotoxicity (Ali &ausing glomerular degeneration, microvilli reduction and
Al Moundhri, 2006). Nowadays, naturally occurringtubular dilatation. However, in the CP+CAPE group,
dietary substances which have strong antioxidant propertldginey tissues showed an improvement in terms of
is considered as a promising candidates for attenuationgddmerular degeneration, microvilli reduction, and tubular
CP induced nephrotoxicity (Nagshbagatlal, 2012, 2013; dilatation. These results suggest that CAPE applications
Abdel Moneimet al,, 2014;). CAPE is an active phenolicalleviate CP-induced kidney damage and help to restore
component of propolis in the hives of honeybees andtite normal histological appearance of kidney tissue.
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Oxidative stress is induced by excessive production As aresult, our study showed that CAPE ameliorates
of ROS that can attack the DNA, oxidize it and trigger thehe detrimental effects of the oxidative stress, lipid
apoptotic pathways (Al-Dalaen & Al-Qtaitat). Moreover,peroxidation and inflammation induced by CP via alleviating
oxidative stress leads to lipid peroxidation (LPO) of the celhe changes in the kidney tissue SOD, CAT, MDA, TNF-a
membranes. The endogenous antioxidant system includiagd IL-6 levels because of its antioxidant and anti-
SOD and CAT enzymes aims to neutralize ROS (Kughar inflammatory properties. We suggest that CAPE can be used
al.). Many studies have reported that CP inhibits thas a therapeutic agent to reduce the side effects of CP
antioxidant defense system by causing a significant decreabemotherapy. Our study will support the new studies for
in the tissue SOD and CAT levels, and finally causes LPtBe evaluation of CAPE in alternative treatments in
by inducing the overexpression of MDA in the kidney tissuehemotherapy-induced nephrotoxicity.

(Abdel-Daimet al, 2020; Siouett al, 2020). In the present

study, we showed that CP caused significant changes in the

tissue SOD, CAT and MDA levels. According to ourFUNDING

biochemical results, kidney tissue SOD and CAT levels ten-

ded to decrease in CP group compared to Control and CAPE

group. Moreover, kidney tissue SOD and CAT levels in the The author(s) disclosed receipt of the following
CP+CAPE group were higher than those in CP group. Vikmancial support for the research, authorship, and/or
suggest that CAPE administrations ameliorated the inhibitigrublication of this article: This study has been supported by
of the antioxidant defense system in the kidney tissue \@agrant from the research and technology department of
increasing the expressions of SOD and CAT enzymelSrciyes University with grant number TYL-2015-5948.
Additionally, we observed that CP significantly increased

the LPO in the kidney tissue via inducing the overexpression
of the MDA enzyme. However, after CAPE administration€EYLAN, T.; KAYMAK, E.; AKIN, A. T. & YAKAN, B.  Los

we noticed that CAPE significantly decreased the kidnegfectos de mejora del éster fenetilico del acido cafeico en la
tissue MDA levels in the CP+CAPE group. Based on theg@frotpxicidad inducidg por cisplatino: Evaluacion del estrés
results, we suggest that CAPE significantly reduces the Lpgydativoy lainflamaciorint. J. Morphol., 39(212-618, 2021.
caused by oxidative stress via reducing MDA levels in kidney RESUMEN: El objetivo de este estudio fue determinar

tissue. In “_ght of (_)ur biochemical reSU|tS’_We can say th%ts posibles efectos terapéuticos de éster fenetilico del acido
CAPE administrations attenuated the detrimental effects Qfejco (EFAC) en la nefrotoxicidad inducida por cisplatino (CP)

oxidative stress and LPO by ameliorating the changes in tgatas. EI CP es un quimioterapéutico antineoplasico utilizado
SOD, CAT and MDA enzyme levels in the kidney tissue. para el tratamiento de muchos tipos de cancer, sin embargo sus
aplicaciones pueden inducir nefrotoxicidad. El EFAC es un com-

Excessive formation of ROS, the inhibition of theponente activo del propéleo y tiene varias actividades fisiologi-

antioxidant defense system and LPO of bio membranes nf@p inportantes. Para el estudio las ratas se dividieron en cuatro

cause the upregulation of inflammatory pathways ar@upos: ControlEFAC (10umol/ kg /ip), CP (7 mg / kg /ip) y

excessive releasing of pro- and anti-inflammatory cytokinég” *EFAC (7 mg /kg /'ip, CPy 1@imol / kg / ip, EFAC).

such as TNRx and IL-6 (Noronhzt al). Several studies Después de las administraciones, se sacrificaron los animales y

.. . . .~ se extrajeron los tejidos renales. Se evaluaron los cambios
have reported that CP administrations cause a S'gn'f'cmtopatolégicos y se realiz6 inmunotincion de Tevie- IL-6.

inflammation by inducing the overexpression of TMBAD  pAdemas, los niveles tisulares de SOD, CAT y MDA se midieron
IL-6 in the kidney tissue (Liet al; Tomaret al, 2020). I mediante un ensayo ELISA para evaluar el estrés oxidativo y la
this study, we investigated the changes in the GN&fd peroxidacion lipidica. El grupo CP mostro deterioro
IL-6 expression levels in the Kkidney tissuehistopatolégico en comparacion con el grupo Control y el trata-
immunohistochemically. According to our miento corEFAC atenud este dafio. En comparacion con el gru-
immunohistochemical results, the expression levels of TNRO de control yEFAC, se observ6 un aumento en las

a and IL-6 significantly increased in the CP group compardgnunorreactividades de TN e IL-6 y los niveles de MDA en

to Control and CAPE group, indicating a seriou§.| }ejldo en ellgrupo de CP, mientras que se dgtecto una d|§m|nu-
. S . . ' cion en los niveles de SOD y CAT en los tejidos. Ademas, se
inflammation in the kidney tissue. On the other hand, t

L ) ) servo una mejora en el CPEFAC en canparacion con el
significant decrease in the expression levels of the GINF—grupo CP. Sugerimos que EFAC puede utilizarse como agente

and IL-6 were observed in the CP+CAPE group comparegtapéutico para atenuar los efectos toxicos del cisplatino, gra-
to CP group. These results suggest that CAPE inhibits thigs a sus propiedades antioxidantes y antiinflamatorias.
inflammation induced by CP by suppressing the

overexpression of the TNE&-and IL-6, which are PALABRAS CLAVE. Cisplatino; Ester fenetilico del
inflammatory cytokines. acido cafeico; Inflamacion; Estrés oxidativo.
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