Int. J. Morphol.,
41(5)1537-1549, 2023.

The Effects of White Tea Camellia Sinensiy and Infliximab
Against Cisplatin- Induced Testicular Damage via Oxidative
Stress and Apoptosis
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SUMMARY: Cisplatin (Cis) is an important chemotherapeutic agent used in cancer treatment. Males exposed to Cis were
reported to exhibit testicular toxicity. Cis-induced testicular toxicity is mediated by oxidative stress, inflammaticer,aestiostibition
and apoptosis. Accordingly, this study was conducted to evaluate the potential protective roles of infliximab (IFX), wianh-is a
TNF-a agent, and of white te€g¢mellia sinensjs which is known to possess antioxidant, anti-apoptotic, and anti-inflammatory
effects, against Cis-induced testicular toxicity in rats. Rats were randomly assigned into five groups as follows: cpn(Zis gliatin
(7 mg/kg) treatment group, Cisplatin (7 mg/kg) + infliximab (7 mg/kg) treatment group, cisplatin + white tea (WT) treatagent gro
and Cisplatin+ WT+IFX combined treatment group. In the present study, Cis exposure reduced the sperm count. It also increased
testicular oxidative stress as well as the levels of inflammatory and apoptotic markers. Histopathological assays suppohieahite
findings. Treatment with IFX and/or WT restored testicular histology, preserved spermatogenesis, suppressed oxidatide stress an
apoptosis, and significantly ameliorated Cis-induced damage. It was concluded that white tea and infliximab could petestially s
as therapeutic options for the protection of testicular tissue against the harmful effects of Cis.
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INTRODUCTION

Cancer is an important health problem that igesticular tissue (Ekinci Akdemit al, 2019). Chemotherapy
frequently encountered worldwide. The advances in canderamong the primary treatment modalities used in the
treatment have enabled an increase in the number of caneeatment of cancer. The medicationsdis chemotherapy
survivors (Moradiet al, 2021). Although treating cancer result in a decrease in sperm viability and motility, as well as
was the main concern of physicians in the past, treatia@ impairment of quality, leading to infertility through various
cancer-therapy related complications has become a majegchanisms, the most notable of which are oxidative stress
aspect of the problem. Particularly among young cancend apoptosis (Tharmalingaghal, 2020; Bostanciesit al,
survivors, infertility related to cancer treatments constituteX)22). Several studies have been conducted to examine the
a significant problem (Saway al, 2022; Wieder-Huszla antioxidative agents that were considered likely to eliminate
et al, 2023). Specifically in the case of male infertilitythe oxidative effects of chemotherapeutic medications for the
sensitivity to chemotherapy, radiotherapy and oxidativeurpose of reversing these negative effects and hence
stress is quite high due to the rapid cell cycle, low antioxidaathieving fertilization (Lirdet d., 2008; Reddgt al, 2016;
capacity and high rate of polyunsaturated fatty acids in tif&fani Majdet al, 2021; Ghanbagt al, 2022).
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Cisplatin (Cis) is a platinum-based chemotherapeutantioxidant effect of tea is probably linked to its high
with proven effectiveness that is frequently used in thgolyphenol content (Figueiroet al, 2009; Lopezt al.,
treatment of various cancers (Dasari & Tchounwou, 2014020). Tea has varieties such as white tea, green tea, black
It is thought to have multiple effect mechanisms; howeveea, and oolong tea depending on the time of harvest and the
the most important of these mechanisms is that cisplatimethod of processing (Yet al, 2010). Despite its lower
results in the inhibition of DNA transcription and replicationconsumption rate, white tea has the highest antioxidant
and eventually cell apoptosis, by generating DNA crosslinksapacity due to possessing the most abundant
and DNA double strand breaks (Kitayamtal, 2022). Epigallocatechin 3-gallate (EGCG) content (Oliveital,
Moreover, cisplatin leads to oxidative stress-mediated c@015). Although there are fewer studies in the literature on
death by causing an increase in reactive oxygen specidsite tea (WT), it is known to have a high antioxidant
(ROS) (Dasaret al, 2022). In addition to its effectivenesscapacity and an antihyperglycemic effect (Martisal,
in cancer treatment, cisplatin is known to also induce toxici®8014; Oliveiraet al, 2015; Diaset al, 2016, 2017).
in many healthy organs, probably due to the above-
mentioned mechanisms(Mercantepal., 2019; Elsayedt The negative effects of cancer treatment on fertility
al., 2022). Testicular tissue is among the organs whehave directed researchers towards the discovery of agents
cisplatin induces toxicity (Aly and Eid, 2020; Tharmalingantargeting the preservation of fertility (Sabanegh & Ragheb,
et al, 2020; Parlet al., 2022). Cisplatin is known to result 2009). The presence of cisplatin-induced testicular damage
in infertility by germ cell apoptosis, Interstitial cellsis confirmed by the studies in the literature (Elsagtedl,
dysfunction, and the inhibition of testosterone productio022; ljazet al, 2022; Sawayat al, 2022; Kuribayashet
(Mori Sequeiros Garciet al., 2012; El-shafaat al,, 2018; al., 2023). However, to our knowledge, there are no studies
Altindag & Meydan, 2021). Although the specific moleculaim the literature that have investigated the use of white tea or
mechanism underlying the toxicity of cisplatin in testiculainfliximab for the reversal of cisplatin-induced testicular
tissue is not clearly known, the mechanism that is modamage. Therefore, we aimed to demonstrate the effects of
strongly emphasized involves oxidative stress, inflammatiowhite tea, which is known to have been an effective
and apoptosis (Jahat al, 2018; Bostanciest al, 2022). antioxidant, and the TNF-a-antagonist infliximab on
Therefore, a variety of antioxidant agents have been studigdplatin-induced testicular damage. For this purpose, we
in the literature in order to reverse cisplatin-induced testiculreated cisplatin-treated rats with white tea and infliximab,
damage (Aly & Eid, 2020; Wangt al, 2020; Altindag™ & both as single agents and in combination. We presented our
Meydan, 2021; Elsayest al, 2022; ljazet al, 2022). results using histopathological and immunohistochemical

methods, and biochemically by measuring malondialdehyde

Cisplatin-induced oxidative stress causes an increa@®@DA) and glutathione (GSH) levels. This is an exploratory
in the levels of proinflammatory cytokines that lead to thstudy without hypothesis testing as there is no statistical null
activation of the nuclear facteB (NF-kB) signaling hypothesis corresponding to the alternative hypothesis that
pathway, which is the primary mediator of the inflammatorgims to prove our claims.
response (Habiet al,, 2019; Makled & Said, 2021). Tumor
necrosis factoor (TNF-a) is one of the most important
proinflammatory cytokines that induce apoptosis bMATERIAL AND METHOD
triggering cell damage (lgt al,, 2006; Moradet al., 2021).

Itis also known to be involved in testicular pathophysiology

(Li et al, 2006; Habiket al, 2019). High levels of TN In this study, 40 male Sprague-Dawley rats (3- to 4-

result in significant loss of spermatozoa functiongt.al, month-old and weighing 312 20 g) were used. The rats

2006). Antibodies developed against ThNRkvere shown to were obtained from Recep Tayyip Erdog an University

improve sperm parameters and infertility in the literatureaboratory Animals Research Center. Ethics approval was

(Habib et al, 2019). Infliximab (IFX) is a monoclonal granted by Recep Tayyip Erdogan University Laboratory

antibody that targets TNF-a and is currently in use for thenimals Local Ethics Committee on 26/12/2018 (2018/60).

treatment for numerous inflammatory diseases (AmagbsoThe rats were housed at a temperature ef22ZC, humidity

al., 2003; Aydinet al, 2014; Bahceat al,, 2023). of 55 %+ 5, and a 12-hour light/darkness cycle. All rats had
free access to standard pellet chow and water. The rats were

Tea Camellia sinensijsis a beverage that is widely randomized into five groups of eight rats each. The control
consumed across the world. Studies in the literature that hayreup only received a single intraperitoneal (i.p.) dose of
been conducted on tea indicate an antioxidant and ar@i©9 % physiological serum. The Cisplatin (Cis) group
inflammatory effect through the scavenging of ROS (Oliveireeceived a single dose of 7 mg/kg cisplatin via the i.p. route.
etal, 2015; Guvvalat al, 2017; Hassaet al, 2019). The The Cis + White tea (WT) group received a single i.p. dose
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of 7mg/kg cisplatin and white tea extract via oral gavage fdrble Il. Mineral content analysis of white tea extract.

four weeks, starting four weeks prior to the cisplatinCopper (Cu) 0.078 ppm 0.01 %
treatment. The Cis+Infliximab (IFX) group received a sin- 0.000078 gkg
gle dose of 7 mg/kg cisplatin 72 h after the i.p. administratiofon (Fe) 0.128 ppm 0.02 %
of 7 mg/kg infliximab. The Cis+WT+IFX group was treated __ 0.000128 g/kg
with white tea, cisplatin and infliximab using the doses an&IInC @n) 0 gdiéﬁpgr?k 0.01%
durations described for the other groups. Sodium (Na) ' 418 ppmg 031 %
0.00418 g/kg

In the end of the experiment, the rats were sacrifice@otassium (K) 1250 ppm 92.90 %
under high dose anesthesia. Immediately after anesthesia, 1.25 gkg
blood samples collected by intracardiac intervention wer€&alcium (Ca) 14.51 ppm 1.08 %
centrifuged at 4000 RPM for 10 min at +4 °C. The left and 0.01451 g/kg
right testicles were removed. The right testicles werdianganese (Mn) 0 Ogéllllpplr(n 021%
dissected.in hglf and s_,tored at -80 °C with serum.samples M’agnesium (Mg) 7693 p%/mg 52 0
be used in biochemical assays. The left testicles were 0.0693 g/kg
dissected in half and placed in Bouine's solution fonjuminum (Al) 1.8 ppm 013 %
histopathological assays and in 10 % neutral formalin to be 0.0018 g/kg
evaluated in immunohistochemical analyses. Total 1345,066 ppm

1.345066 gkg

Chemicals and Preparation White TeaCamellia sinensjs

Extract. Ketamine hydrochloride (Ketalar, 100 mg/kg,

Pfizer Drugs Ltd. Sti., Istanbul, Turkey), xylazineBiochemical Analysis

hydrochloride (Rompun, 10 mg/kg, Bayer, USA), fentanyl

citrate (Talinat, 0.5 mcg/10 ml, Vem Pharmaceutical Industiissue homogenization A preparation of 20 mM 1L

Inc. (Ankara, Turkey). Cisplatin (Faulding Pharmaceuticalsodium phosphate + 140 mM potassium chloride was made

Plc, Warwickshire, UK). Infliximab (Remicade 100 mg/vial,(pH 7.4). Then, 1 ml of homogenization solution was added

MERCK SHARP DOHME llaclari LTD. STI.). All onto 100 mg tissue, the testicular tissue was homogenized

chemicals used in laboratory experiments were provided bging a homogenizer (QIAGEN Tissue Lyser Il), and

Sigma Chemical Co. and Merck (Germany). centrifuged at 800 g for 10 min at 4 °C. GSH and TBARS
assays were performed with the obtained supernatant.

Camellia sinensigvas obtained from CAYKUR A.S.

(Rize, Turkey). Specimens (1.5g/100 mL) were infused withlalondialdehyde (MDA) Analysis Procedure (TBARS

distilled water not exceeding 10€ for 3 min as per the Assay). TBARS assay was performed according to the

producer’s instructions. The resulting infusion was coolestudy by Ohkawat al. (1979). A mixture of 20QL tissue

to room temperature and filtered through filter paper to mipernatant; 5aL of 8.1 % SDS (sodiumdodecylsulphate);

stored in dark bottles. The phenolic content as analyzed w5 L of 20 % acetic acid(v/v) pH 3.5; 378 of 0.8 %

high performance liquid chromatography (HPLC; ISO 900ghiobarbituricacid (TBA) was prepared. The mixture was

standard) and the mineral composition of WT as determinedrtexed, and the reaction was left to incubate in a boiling

by the Kacar B method of analysis are listed in Tables | amgater bath for 1 h. After incubation, it was cooled in ice

Il (Saralet al, 2019). water for 5 min and centrifuged at 750 g for 10 min. The
resulting pink color was measured with a

Table |. Camellia sinensitPLC analysis results (100mg dry spectrophotometer at 532 nm. The results were calculated

(EGC+C+EC+EGCG+ECG)

EGC:EpigallocatechirC:catechinEC  epicatechin, EGCG:

epigallocatechin-3 gallate, ECG:epicatechin-3-gallate

weight). .
Cateching % in nmol/mg prt.
gglg:c acid 2339 Glutathione (GSH) Analysis Procedure.Ellman’s
c 096 reagent was used to determine -SH groups (Sedlak &
EC 531 Lindsay, 1968). 25QL supernatant was added with 1000
EGCG 7461 pL 3M Na2HPO4 and 25@L DTNB (DNTB, 5,5'-
ECG 16.23 dithiobis(2-nitrobenzoic acid) (4mg DTNB prepared in 10
Total Catechins 100 mL 1 % sodium citrate solution), vortexed, and absorbance

at 412 was determined. The results were determined using
a predetermined 10Q@M- 62,5 M reduced glutathione
standard curve and presented in nmol/mg prt.
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Histopathological AnalysesRat testicular tissue specimensTable IlI. Testis Histopathological Damage Score (THDS).

were fixed in Bouin's fixative (SigmaAldrich, St. Louis, MO, Score Findings

USA) for 36 hours. After fixation, dehydration was Johnsen Score Rate (Control Group/Tneznt Group)
performed with ascending series of ethanol (30 %, 50 %, 70 O <5 ‘f’

%, 80 %, 90 %, 96 %, 100 % (two times) (Merck, Darmstadt, ; :gg;‘;

Germany). Then, the specimens were passed through two 5 S50 %

series of xylol (Merck, Darmstadt, Germany), mordanted, Edematous Area

subjected to soft and hard paraffin (Merck, Darmstadt, 0 <5%
Germany) inclusion in order, and lastly, blocked in hard 1 <25%
paraffin. Preparations obtained by cutting sections of 3-5 2 <50%
pm with a microtome (Leica, RM2125RT, Germany) were 3 250 %
. . . . . Vascular Congestion
stained with hematoxylin (Harris hematoxylin, Merck, 0 <5
Germany) and Eosin (H&E) (Eosin G, Merck, Germany). 1 <25%
The preparations examined under a light microscope > <50 %
(Olympus BX51, Olympus Corporation, Tokyo, Japan) were 3 >50 %

photographed using an Olympus DP71 (Olympus

Corporation, Tokyo, Japan) camera. The semi-quantitative analyses of TUNEL-, 8-
OHdG-, NFkB/p65- positive cells were evaluated as shown

Immunohistochemical (IHC) Analysis. Apoptotic cells in Table IV (Gundersen, 1986; Mercantegteal, 2016)

were determined using TUNEL (Terminal deoxynucleotidylunder x40 objectives). The histologists scored 20 different

transferase dUTP nick end labeling) Assay Kit- HRP-DABandomly selected regions per preparation.

(ab206386, Abcam Inc., Cambridge, UK), the breakdown

of reactive oxygen species (ROS) in the DNA was Table IV. Immunohistochemical
determined using 8-OHdG (8-hydroxy-2’-deoxyguanosine) Positivity Score.

(8-OHdG, ab62623, Cambridge, UK), and the activity of Score Resuits
pro-inflammatory cytokines was determined using (Nuclear 0 <5 %

Factor kB/P65) NF-kB/p65 (1:100, ab16502, Abcam, UK) 1 <25%
primary antibodies. Goat Anti-Rabbit IgG H&L (HRP) g :2822

(ab205718) was used as the secondary antibody. Sections of

1-3um cut from paraffin blocks of testicular tissue using a

microtome (Leica RM2125RT, Germany) were transferre@tatistical Analysis.All data obtained from the analyses in

onto positively charged slides (Patolab Biomedikal, Turkeyihis study were computed using the SPSS 18.0 (IBM,

Following deparaffinization, testicular tissue sections wemrmonk, NJ, USA) statistics software. Data from

subjected to antigen retrieval according to the instructiose€miquantitative analyses were calculated as

for the primary antibodies. In this context, the sections wergediartstandard deviation in consideration of maximum

keptin 3 % HO, for 12 min, washed with phosphate bufferand minimum values. After the differences between the

(Ph:7.4, Sigma-Aldrich, Germany), and kept in secondagroups were analyzed using the non-parametric Kruskall

blocking solution for 15 min. The sections were thefVallis test followed by the Tamhane T2 test, the numeric

incubated in primary and secondary antibodies for one hadata (biochemical analyses) from the groups were subjected

each. After the diaminobenzidine (DAB) procedure, theto analyses<0.05 was accepted as significant). The

were counterstained with Harris’ hematoxylin (Merckobtained parametric data were calculated as arithmetic

Darmstadt, Germany). mearxstandard deviation. The differences between the
groups were analyzed using ANOVA followed by the Tukey

Semi-quantitative analysisThe histopathological analysis HSD test p<0.05 was accepted as significant).

of H&E-stained testicular sections was performed by two

histologists blinded to the experimental groups by calculating

Johnsen scores44. In accordance with studies dealing WRRSULTS

the toxicity of antineoplastic agents on testicular tissue,

spermatogenetic cell count, edematous areas and vascular

congestion findings were evaluated. TesticulaBiochemical Analysis

Histopathological Damage Score (THDS) was calculated as

shown in Table lll. The histologists scored 20 differenalondialdehyde (MDA) levels. We determined higher

randomly selected regions per preparation. MDA levels in the Cis group compared to the control group
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(Table V,p=0.01). In contrast, we observed significanthithe vascular congestions in the interstitial spaces (Fig. 1g-h,
reduced testicular MDA levels in the Cis+WT and Cis+IFXTables VI-VII, Johnsen Score: 88871, TDS score: 2(1-
groups compared to the Cis group (Tablep¥0.01). 2)). In the Cis+WT+IFX group, we observed reduced
Similarly, we determined significantly reduced testiculanecrosis in epithelial cells in the seminiferous tubules
MDA levels in the Cis+tWT+IFX combination group compared to the Cis group. In addition, spermatogenetic cells
compared to the Cis group (Tablep#0.01). of typical structure were common in the seminiferous
tubules. We observed Interstitial cells of typical structure
Glutathion (GSH) Levels. We determined reduced GSHand reduced vascular congestion in the interstitial spaces
levels in the Cis group compared to the control group (Tab{Eig. 1i-j, Tables VI-VII, Johnsen Score: 8426, TDS
V, p=0.01). In contrast, GSH levels were significantly highescore: 1(1-2)).
in the Cis+WT and Cis+IFX treatment groups compared to
the Cis group (Table \%=0.01). Similarly, we determined Immunohistochemical Analysis. TUNEL Analysis (The
significantly higher GSH levels in the Cis+WT+IFX groupterminal deoxynucleotidyl transferase-mediated
compared to the Cis group (Tablep#0.01). dUTP nick end labeling)

Histopathological Analysis.On histological evaluation of In the Cis group, we observed an increase in the
the control group, we observed seminiferous tubules packedmber of TUNEL-positive cells among spermatogenetic
with Sustentacular cells, spermatogonia, primargells in the seminiferous tubules compared to the control
spermatocytes and spermatids of normal structure. gmoup (Fig. 2a-b, Table VIII, p=0.001, TUNEL positivity
addition, there were numerous spermatozoa of normsdore: 2(2-3)). In contrast, we determined a decrease in the
structure in the seminiferous tubules and Interstitial cells mumber of TUNEL-positive spermatogenetic cells in the
the interstitial spaces (Fig. 1a-b, Tables VI-VII, Johnse@is+WT and Cis+IFX treatment groups compared to the Cis
Score: 9.360.64, TDS score: 1(1-2)). In contrast, in the Cisreatment group (Fig. 2c-d, Table VIII, p=0.001, TUNEL
treatment group, we determined a decrease positivity score: 0(0-1), TUNEL positivity score: 0(0-0);
spermatogenetic cells, most notably in primaryespectively). Similarly, in the Cis+WT+IFX group, we
spermatocytes and spermatids in the seminiferous tubudletermined a decrease in the number of cells showing TU-
epithelium. In addition, there was extensive necrosNEL immunopositivity (Fig. 2e, Table VIII, p=0.001, TU-
accompanied by edematous areas in spermatogenetic cHlS_ positivity score: 0(0-1)).

of the germinal epithelium. We observed vascular congestion

and atypical Interstitial cells in the interstitial spaces (Fi8-OHdG (8-hydroxy-2-deoxyguanosine) Analysidn the
1c-d, Tables VI-VII, Johnsen Score: 41607, TDS score: Cis group, we observed an increase in 8-OHAG positivity in
6(6-7)). In the Cis+WT group, we determined an increase apermatogenetic cells in the seminiferous tubules compared
the number of spermatogenetic cells in the seminiferotsthe control group (Fig. 3a-b, Table VIII, p=0.001, 8-OHdG
tubules in comparison to the Cis treatment group. In additiopgsitivity score: 2(2-3)). In contrast, we determined a
we observed a decrease in edematous areas and indberease in spermatogenetic cells showing 8-OHdG
vascular congestions in the interstitial spaces (Fig. 1e-f, Talolemunopositivity in the Cis+WT, Cis+IFX and
VI-VIl, Johnsen Score: 7.2®.78, TDS score: 2(1-2)). Cis+WT+IFX treatment groups compared to the Cis
Similarly, we observed an increase in the number ¢featment group (Fig. 3c, Table 9, p=0.001, 8-OHdG
spermatogenetic cells, most notably in primaryositivity score: 0(0-1); Fig. 3d, Table VIII, p=0.001, 8-
spermatocytes and spermatids. In addition, we determin@HdG positivity score: 0(0-0); Fig. 3e, Table VIII, p=0.001,
fewer necrotic germinal epithelial cells and a decrease 880OHdG positivity score: 0(0-0) respectively).

Table V. Biochemical Analysis Results (meatandard deviation).

Group MDA (nmol/mg tissue) GSH (nmol/mg tissue)
Control 054+0.43 41.01+1.20
Cisplatin (Cis) 1.23+0.7°1 27.90+1.70
Cis+Infliximab (IFX) 0.830.6% 36.38+1.25°
Cis+White Tea (WT) 0.87+0.52% 35.82+1.49°
Cis+WT+IFX 0.76+0.28° 38.36£0.93¢

?p=0.001versusto Control Group,
p=0.001versusto Cis Group,
‘p=0.017versusto Control Group,
p=0.023versusto Control Group,
One-Way ANOVA-Tukey HSD
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Fig. 1. Representative light
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Fig. 2. Representative light microscopic picture of sections of testicular tissue. Apoptotic cells labeled with TUNEL fef4hdds.
Control Group: It is observed that spermatogenic cells with normal structures in the germinal epithelium in the semibiié¥saseu
immune-negative (TUNEL Positivity Score: 0(0-0)). B.X3Cis Group: Intense immune positivity is observed in apoptotic cells in the
seminiferous tubules (arrowhead, TUNEL Positivity Score: 2(2-3)). @) @3+ IFX Group: It is observed that the spermatogenic cells
showing intense immuno-positiveness in the seminiferous tubules are decreased (TUNEL Positivity Score: 0(0-1))CB+@0
Group: It is observed that cells with intense TUNEL positivity are decreased in the seminiferous tubules, especially itsspedmat
spermatozoa (TUNEL Positivity Score: 0(0-0)). E.X}Qis+IFX+WT Group: Itis observed that dense immune-positive spermatogenic
cells decreased in the seminiferous tubules (TUNEL Positivity Score: 0(0-0)).
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Fig. 3. Representative light microscopic picture of sections of testicular tissue incubated with 8-OHdG primary antib6gy. A. (4
Control Group: It is observed that Sustentacular cells, Interstitial cells and spermatogenic cells with normal strucuyesnimtd
epithelium in the seminiferous tubules are immune-negative (8-OHdG Positivity Score: 0(0-0)k)ECi&4Group: Intense 8-OHAG
positivity is observed in spermatogenetic cells in the seminiferous tubules, especially spermatozoon and spermatids (@¥owhead)
OHdG Positivity Score: 2(2-2)). C. (PCis+ IFX Group: It is observed that the germinal epithelial cells and Interstitial cells showing
decreased intense 8-OHdG -positiveness in the seminiferous tubules are decreased (8-OHdG Positivity Score: 0(8} DisBMAO
Group: It is observed that intense 8-OHdG positive spermatogenetic cells decreased in the seminiferous tubules, epgecialig s

and spermatozoa (8-OHdG Positivity Score: 0(0-1)). Bx@splatin+IFX+WT Group: It is observed that decreased dense immune-
positive germinal epithelial and Interstitial cells in the seminiferous tubules (8-OHdG Positivity Score: 0(0-0)).
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Table VI. Johnsen testis damage score results (median-25 %-75 % interquartile

range).
Group Johnsen Score Johnsen Score Rate:
Results Control/Treament Group
Control 9.36+0.64 9.6/9.6:1
Cisplatin (Cis) 4.16+1.07 9.6/4.16:2.25:2
Cis+Infliximab (IFX) 7.76x0.78 96/7.76:1.23:1
Cis+White Tea (WT) 8.08+0.7°F 9.6/8.08:1.18:1
Cis+WT+IFX 8.32+0.6% 9.6/8.32:1.12:1

#p=0.001versusto Control Group,
p=0.001versugo Cis Group,
‘p=0.017versusto Control Group,
9p=0.023versusto Control Group,
One-Way ANOVA-Tukey HSD

Table VII. Testis Histopathological damage score (THDS, median-25 %-75 % interquartile range).

Group Johnsen Score Rate Edema VEsodongestion THDS
Control 1 0(0-0) 0(0-0) 11-2)
Cisplatin (Cis) 2 2(2-2) 2(2-2y 6(6-7)
Cis+Infliximab (IFX) 1 0(0-15 0(0-1f 2(1-2f
Cis+WhiteTea (WT) 1 0(0-0) 0(0-1¥ 2(1-2p
Cis+tWT+IFX 1 0(0-1f 0(0-1¥ 1(1-2p

®p=0.001versusto Control Group,
®p=0.001versusto Cis Group,
One-Way ANOVA-Tukey HSD

Table VIII. Immunohistochemical positivity grading score (meDISCUSSION
dian-25 %-75 % interquartile range).

Group Tunel 8-OHdG  NFkB/p65

Control 0(0-0) 0(0-0) 0(0-0 This study investigated the effects of white tea and/
Cisplatin (Cis) 2@-3)  2@-2f 3(2-3f or infliximab on testicular damage induced by cisplatin using
Cis+ Infiximab (IFX) ~ 00-1)  00-1 00-1y a rat model. In line with the literature, our results showed
CistWhite Tea (WT) ~ 00-9) ~ 0(0-1 0(0-0p the development of cisplatin-induced damage in testicular
Cis+WT+IFX 00-0f  0(0-0f 0(0-0f ) . L . )
29=0.001versusto Control Group, tl_ssues. However, th_e C|splat|r_1-|nduced damage in tgstlcular
bp=0.001versusto Cis Group, tissue recovered either partially or completely with the
One-Way ANOVA-Tukey HSD administration of white tea and infliximab, both as single

agents and in combination. Although there is a multitude of

studies showing the occurrence of cisplatin-induced testicular
Nf-Kb/p65 Analysis. There was an increase in the numbefoxicity, the molecular mechanism of cisplatin-related
of spermatogenetic cells, most notably of primaryesticular damage has not been completely clarified
spermatocytes and spermatids, showing NF-kb/p6%Narayanaet al, 2009; Aly & Eid, 2020; Matilionytet al,
positivity in seminiferous tubules in the Cis treatment group022; Ismaikt al, 2023). However, the most widely studied
compared to the control group (Fig. 4a-b, Table Vllland the most strongly emphasized mechanism is associated
p=0.001, NF-kb/p65 positivity score: 2(2-3)). In contrastwith oxidative stress and increased apoptosis (Seteat
we determined a decrease in spermatogenetic cells, m@8iL2; Azabet al, 2020). Indeed, cisplatin increases ROS
notably in primary spermatocytes and spermatids showinga the breaks it causes in the DNA (Zhatgal, 2022).
NF-kb/p65-positivity in the Cis+WT and Cis+IFX treatmentThe resulting ROS cause an increase in the production of
groups compared to the Cis treatment group (Fig. 4c-d, Talpminflammatory cytokines (Tiaet al, 2018). Elevated
VIII, p=0.001, NF-kb/p65: 0(0-1), NF-kb/p65 positivity levels of proinflammatory cytokines, particularly of TNF-
score: 0(0-0); respectively). Similarly, we determined &, result in the activation of the nuclear fack@®{(NF«B)
decrease in the number of spermatogenetic cells showisignaling pathway, which leads to inflammation and
NF-kb/p65 positivity in the Cis+WT+IFX group (Fig. 4e, apoptosis (Makled & Said, 2021). High levels of TNF-
Table VIII, p=0.001, NF-kb/p65 positivity score: 0(0-0)). also accelerate inflammation by increasing the production
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Fig. 4. Representative light microscopic picture of sections of testicular tissue incubated wBd8Eprimary antibody. A.

(40x) Control Group: It is observed that germinal epithelial and Interstitial cells with normal structures in the seminiferous
tubules are NB/p65-negative (NB/p65 Positivity Score: 0(0-0)). B. (4D Cis Group: Intense NEB/p65 positivity is
observed in spermatogenetic cells in the seminiferous tubules, especially spermatozoon and spermatids (arrowBéad), NF-
p65 Positivity Score: 3(2-3)). C. (4PCis+IFX Group: It is observed that the spermatogenetic cells in the seminiferous tubules
show decreased intense XB/p65-positiveness in the seminiferous tubules @65 Positivity Score: 0(0-1)). D. (4D
Cis+WT Group: It is observed that intense KB/65 positive spermatogenetic cells decreased in the seminiferous tubules,
especially in spermatids and spermatozoa kBFp65Positivity Score: 0(0-0)). E. (#PCis+IFX+WT Group: It is observed

that decreased immune-positive spermatogenetic cells in the seminiferous tubud3B-Positivity Score: 0(0-0)).
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of prostaglandins (Habilet al, 2019). It was shown that studies showing the antioxidant effects of white tea extract
high TNF-a levels could impair testicular function (Baat on prediabetic rat testicular tissues and Sustentacular cells
al., 1999). High levels of TN have previously been culture media (Martingt al, 2014; Oliveiraet al, 2015;
implicated in testicular dysfunction in males with rheumatoi®aralet al, 2019). Similarly, our study showed that white
arthritis and infertility in females with endometriosis (Habiliea extract treatment reduced cisplatin-induced oxidative
et al, 2019). The positive effects of treatments targetingtress and restored the normal testicular histological
TNF-a on fertilization have been demonstrated in clinicatructure. Moreover, there is an adequate amount of studies
and experimental studies(Habét al., 2019). Indeed, showing that EGCG exerts protective effects on testicular
infliximab, which is a TNFa-antagonist that was used intissue in various conditions of oxidative stress €Yual,
the present study, exhibited a protective effect again3010; Guvvalat al, 2017; Hassaet al, 2019; Al-Maghrebi
cisplatin-induced testicular toxicity. Infliximab restored theet al, 2020). This protective effect on testicular tissue was
testicular architecture that was disrupted by cisplatin aminsidered to be linked to the antioxidant quality of EGCG.
improved the oxidant-antioxidant status in favor of
antioxidants. It also increased the sperm count. To our Our study is an exploratory pilot study that
knowledge, there are no studies in the literature investigatimyestigates the effects of white tea and infliximab on
the effects of infliximab against cisplatin-induced testiculaesticular damage induced by cisplatin. As we designed this
damage. However, there is a study by Hadilal (2019) study, we were particularly conscious of the fact that the
showing that infliximab treatment restores testicular functioagents selected as antioxidants should not reduce the
and architecture in cadmium-induced testicular toxicity. Thisffectiveness of the medications used in cancer treatment or
was linked to the antioxidant effect of infliximab that reduexhibit tumor-protective properties. Our review of the
ces ROS by decreasing TNFfevels. In our study, the literature showed both white tea and infliximab to be free of
administration of infliximab 72 hours prior to the cisplatirthese effects. Tea had an antitumor effect due to its high
injection (since infliximab reaches a steady plasmBGCG content (Kuo & Lin, 2003). Although TNF-a is
concentration in 72 hours) (Cumhur Cigeal, 2016), required for tumor apoptosis, its high levels entailed tumor
resulted in a significant decrease in the levels of MDA, whiatell invasion and metastasis (Perdigetoal.,, 2022).
is a lipid peroxidation marker, while increasing the levels dfloreover, there were no case reports in the literature
GSH, which is considered one of the most potersuggesting that infliximab exacerbates cancer; on the
antioxidants. At the same time, TNFactivated NFkB  contrary, there were reports suggesting that it prevents
positivity was found to be lower in rat testicular tissuesxaliplatin resistance in colon cancer patients (Hugradj,
treated with infliximab. NFB activation is the basic event 2018). Nevertheless, this study should be interpreted in
marking the initiation of inflammation (Katturajast al, consideration of certain limitations. In the design of this
2021). This may indicate that infliximab also exerts an antstudy, we did not construct sham groups for white tea and
inflammatory effect on testicular tissues. THeauses cell infliximab. We were not able to measure the levels of
death by activating the caspase cascade through TNFRstosterone, FSH, LH and androgenic steroids in this study.
which is one of its two receptors @fial, 2006). The reduced This study is an animal model that needs to be corroborated
TUNEL positivity in rats treated with infliximab may by clinical studies.
indicate reduced necrosis or stem from a decrease in
apoptosis.
CONCLUSION

Tea has been a widely consumed beverage and the
subject of extensive discussion across the world. It has
varieties such as white tea, green tea, black tea and oolong In summary, the present study confirmed that cisplatin
tea, and this diversity is caused by local differences, the tirmeduces testicular damage through oxidative stress and
of harvest and differences in fermentation. The polyphendagoptosis, in line with previous studies. In addition, we
found in tea were shown to be non-toxic and even haghowed white tea extract and the TMFantagonist
protective effects against ROS (Koonyosyai@l, 2019). infliximab to exert protective effects against cisplatin-
EGCG is a catechin found in tea that possesses the strongrediiced testicular damage by reducing oxidative stress and
antioxidant and anti-inflammatory properties (Raral, necrosis. The degrees of the protective effects of white tea
2017; Hassamet al, 2019). And the highest EGCG contentand infliximab on the testicles were quite comparable. The
is found in white tea (Diast al, 2016). Therefore, we combined administration of the two agents exerted the same
preferred to use white tea in this study. Although green tpsotective effect and was not superior. Future animal and
in particular has been widely researched in the literatudeuman studies are needed to elucidate this effect and the
studies on white tea are relatively fewer. There are limitedolecular mechanism that underlies it.
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