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1. Introduction complex. This complex further consists ofdianones GB1,
GB2, and kolaavanone [4446]. The mitigating effect of these
Cancer remains a preeminent global health challenge necessi-avanones in addition to ameliorating oxidative stress and
tating proactive therapeutic strategies. Among male reproduapoptosis, also involve the downregulation of pro-
tive malignancies, testicular germ cell tumors (TGCTs)n ammatory cytokines (e.g., TNFIL-6) [47-52] and these
represent the predominant neoplastic pathology, accountinghechanisms have been indicted in BEP-induced toxicities [17].
for ~90%-9%% of testicular cancers (TCs) [1]. Epidemiologic  Similarly, Silybum marianumL. (milk thistle) (family:
data reveal a concerning rise in cancer incidence among adasteraceae), aavonolignan complex, exerts hepatoprotective
lescents and young adults {88 years), with TC constituting and gonadal protective effects by modulating \BFand Nrf2
the most prevalent solid tumor in this demographieg® pathways and attenuating cisplatin-induced oxidative damage
Advances in multimodal therapies, including radiotherapy[53-55]. Silymarin (SLM) is the active component of this herb,
radical orchiectomy, and cisplatin-based chemotherapy, hawehich is a complex of other components, mainly silybin A,
dramatically improved survival rates, with contemporary regisilybin B, isosilybin A, isosilybin B and also othawvonolig-
mens achieving cure rates exceediri 5 6-8]. However, a  nants such as silychristin, neosilyhermin, silyhermin, and sily-
critical clinical dilemma persists: many anticancer agents, padianin, which exist in its fruit and seeds more than the other
ticularly alkylating agents and platinum derivatives, exert gongearts [56]. Prednisolone (PRED), a synthetic glucocorticoid,
dotoxic effects that compromise spermatogenesis and mademonstrates anti-irmammatory and antioxidant properties
fertility [9, 10]. in drug-induced organ toxicity models [59].

The bleomycin, etoposide, and cisplatin (BEP) regimen is Despite documented berts of GK extracts (GKE), KV,
the cornerstone of TGCT treatment, achieving 5-year survivesLM, and PRED in other toxicity models, theirafcy against
rates>95%across disease stages [9, 10]. Despite ita®f, BEP-induced testicular damage remains unexplored. There-
BEP chemotherapy induces multisystem toxicity, with the tesfore, this study evaluated the possible ameliorative potentials
tes being particularly vulnerable due to the high mitotic activityof GKE and its biavanone extract, KV, in BEP-induced testic-
of germ cells [1-413]. The triad of BEP agents synergisticallyular toxicities in adult male Wistar rats. In addition, we evalu-
disrupts testicular homeostasis through distinct yet compleated the benecial/mitigative potentials of SLM and PRED
mentary mechanisms: bleomycin generates DNA strand breakging the standard antioxidant and anti-ammatory drugs
via oxidative radical formation, precipitating germ cell apopto-used, respectively, on BEP-induced testicular toxicities in rats,
sis, seminiferous tubule atrophy, and Leydig cell dysfunctioby assessing reproductive hormones, testicular functions, oxi-
[14]; etoposide inhibits topoisomerase Il, causing irreversibldative stress, pro-immmatory cytokines, and apoptosis mar-
DNA double-strand breaks and cell cycle arrest in rapidlykers in testis of rats exposed to BEP.
dividing spermatogonia [15]; and cisplatin forms DNA cross-
links and generates reactive oxygen species (ROS), inducidgMaterials and Methods
oxidative damage to Sertoli cells, spermatogonial stem cells i
(SSCs), and Leydig cells [16]. Cumulatively, these insults le&dt Material

to spermatogenic arrest, oligospermia/azoospermia, and hype:1.1. Chemicals and Drudée following compounds were
gonadism, with recovery contingent on SSC preservatioprocured for this study: bleomycin (Metta Life Sciences Pvt Ltd
[17-22]. Preclinical studies corroborate BEP-inducectie  G-040, Vikas Centre, 106 S.V. Road, Santacruz West, 400 054,
in sperm motility, chromatin integrity, andagellar function,  |ndia), cisplatin (Zuvius Lifesciences Pvt Ltd. B/108£1091,
underscoring the urgency for fertility-preserving adju- Kanara Business Centre, Link Road, Ghatkopar (East), Mum-
vants [2328]. bai - 400075 India), etoposide (Zuvius Lifesciences Pvt Ltd,
Emerging evidence provides the protective rol8aitinia  India), dimethyl sulphoxide (DMSO) (Sigma-Aldrich Corpo-
kola (GK) seeds and its vanones extract kolaviron (KV) ration, St. Louis, MO, USA), methanol, petroleum ether, ethyl
from drug-induced organ toxicities by ameliorating oxidativeacetate, n-hexane (Sigma-Aldrich Corporation, St. Louis, MO,
stress, inammation [29:38] and apoptosis [3@1]. Garcinia  USA), the enzymes linked immunosorbent assay (ELISA) kits
kola (G. kolg (popularly known as bitter kola) is a dicotyle- (ELABSCIENCE, Wuhan Elabscience Biotechnology
donous plant belonging to the famifguttiferae. It is a peren- Company Limited, No. 1 Shizishan Street, Hongshan
nial crop found distributed in the forest zone of Nigeria, SierraDistrict, Wuhan, Hubei, China), SLM (Silybon, Micro Labs
Leone, Ghana, Cameroon and other West and Central Africantd. 27, Race Course Road., Bangalore, Karnataka, India -
countries [42]. In Nigeria, it is common in the South Western560001), and PRED (Perilon, Hovid Bhd. 121, Jalan Tunku
States and Edo State [43]. It is commonly cédlfetbgbo”in Abdul Rahman, 30010 Ipoh, Malaysia).
Yoruba languagéAku ilu” in Igbo language antiNamijin
goro” in Hausa language [43]. One of the most studied and®.1.2. Plant MaterialFresh GK nuts were procured from
discussed components in GK seeds is the K\alwnoid  Mushin Market, Lagos, Nigeria. Taxonomic authentication
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Andrologia 3

was performed by a well-trained and ceetl botanist in the ad libitum access to a standard commercial pellet diet (Chikun
Department of Plant Biology, University of llorin, where aFeeds Limited, Ibadan, Nigeria) anitered water. All experi-
voucher specimen (UILH/001/1217/2023) was deposited imental procedures strictly adhered to the National Institutes of
the departmental herbarium. Health (NIH) Guidelines for the Care and Use of Laboratory

Animals [64] and were approved by the University of llorin
2.1.3. Extraction of the Methanol Crude Extracts of Gk andthical Review Committee (Approval No. UERC/ASN/
KV. The air-dried seeds of GK were pulverized and defatted024/2769).

with petroleum ether for 48 h and then macerated with metha-
nol for 72h and afterwardsltered. Thereafter, theltrates ~ 2.1.6. Treatment Protocol: BEP, GKE, KV, SLM, and PRED.
were concentrated using a rotary vacuum evaporator at conFO ensure optimal pharmacokinetic exposure, rats received
centrated in a vacuum oven at temperature 6f4and pres-  daily pretreatment for 7 days with either vehicle, GKE, KV,
sure of 600 mmHg to obtain extracts of GK seeds. Th&LM, or PRED prior to BEP chemotherapy initiation (Table 1).
methanolic extract GK seeds was further dissolved with watdiis pretreatment phase facilitates the attainment of steady-
(H,0) to produce a chalky solution. This solution was furtherstate plasma concentrations, thereby maximizing the protective
partitioned with ethyl acetate and concentration to give &f cacy of the test compounds against subsequent BEP-
golden-brown substance, KV, which has been shown to baduced toxicity [65]. The therapeutic agents were adminis-
rich in Garcia biavones GB-1, GB-2, and kotevanone [43, tered continuously throughout the BEP treatment period,
60-62] as previously reported [63]. The GKE and KV were airWith each dose given 1 h before BEP injection.
dried and stored in a refrigerator at@ GKE and KV were This treatment regimen was continued throughout the
dissolved separately in DMSO and then diluted with distillecentire duration of the BEP treatment. Each spetieatment
water to reduce the DMSO concentration @ i the nal  was administered 1 h prior to the intraperitoneal injection of
suspension. BEP. The BEP therapy regimen spanned over a 9-week period,
during which bleomycin was administered on days 2, 9, and 16,
2.1.4. Phytochemical Analydiguid chromatography cou- while etoposide and cisplatin were administered on deysfl
pled to mass spectrometry (LC/MS) was used to oorthe  each 21-day cycle [5, 23, 66, 67]. The entire treatment plan
presence of the bavones GB-1, GB-2, and kotsvanone in  consisted of three cycles of BEP treatment, with 1 week of
KV (Figure 1). treatment with either vehicle, or GKE, or KV, or SLM or
The analysis was performed using the instrumentPRED preceding the initiation of BEP, resulting in a total dura-
HIRESESI-MS Agilent with OpenLab CDS Software. The sotion of 10 weeks. This treatment protocol is consistent with
vents used were LC/MS grade methanol (MeOH) and Ultrainternationally accepted the standard clinical protocol for the
pure water (18.2 M-cm). The sample was prepared in a conceshemotherapeutic management of TC patients with BEP [68].
tration of 5mg/mL in MeOH. The ow rate was 0.8 mL/min
and the injection volume was iD. The column used was a 2.2. Assessment_of Effects_ Qf GKE, KV, SLM, PRED on BPE-
Phenomenex Gemini (C18uB, 4.6x 150 mm). Induced Testicular Toxicity

The method consisted in a gradient using a@diwateras 2 2 1. Gross Assessment of the T@te to ve replicate
solvent A (0.1%f formic acid) and acidied MeOH (0.%0f a5 per objective point and treatment group were selected.
formic acid) as solvent B. The gradient started fro20B gy weight was measured weekly and on the day of necropsy.
up to 1006 0f B in 30 min, followed by 7 min of 1880f B 10 Rats were anesthetized with ketamine and xylazine (70:30), and

ush the column. To obtain the mass of the compounds in thgyood was collected directly from the heart chambers by cardiac
sample, the QTOF MS was run in negative mode, full scan, withyncture. The rats were then saced, and the rattéstes were
collision energy set up as zero. _ carefully identied, freed from adjoining supporting tissues, har-

In the retention time (Rt) of 16.55min a peak was foundyested en bloc, and weighed. A portion of the testis was excised
showing mass of 573.1010 for its molecular ion, and at Rt gby piochemical assays anxhtion for histological examinations.
16.85 min another peak with molecular mass of 573.1008 sugte caudal epididymis was harvested for semen analysis.

gested the presence of the compounds GB1 and GB2, respec- Testicular-somatic index (TSI) was determined as follows:
tively. They were commed by comparison to the internal

metabolites library PCDL Agilent METLIN Metabolomics Testicular-somatic indeg® Sl) (%) =

database (Figure ££). At Rt of 18.80 min another peak [Testicular weiglt)/Final body weigh{g)] x 10Q [66].

showed mass of 587.1168 for its molecular ion (Méttyib- o o

uted to Kola avanone, also cormed by comparison to PCDL  2.2.2. Determination of Serum Luteinizing Hormone (LH),

Agi|ent METLIN Metabolomics database (Figure 1D) Follicle Stimulating Hormone (FSH), and Testosterone
(TST) LevelsBlood samples were collected in plain bottles,

2.1.5. Care and Use of Experimental Aninfatohort of 64  centrifuged at 3600 rpm for 15 min to separate out clear sera.
young adult male Wistar rats (mean body weight-180g) Sera obtained were analyzed for reproductive hormones (LH,
was procured from a certed breeder in Ogbomosho, Oyo FSH, and TST) using rat-speci ELISA kits (Wuhan
State, Nigeria. Following acquisition, the animals were acclim&labscience Biotechnology Company Limited, No. 1
tized for 7 days under controlled laboratory conditions, house&hizishan Street, Hongshan District, Wuhan, Hubei, China).
in standard polypropylene cages at an ambient temperature @he kit standards and samples (80l) were added to the wells
28-30°C with a 12-h light/dark cycle. The rats were providedprecoated with speat antibodies in a 96-well plate, and the
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Ficurel: LC/MS results showing the presence oatonoid compounds in KV. (A) Full ESI TIC chromatogram of KV; (B) mass spectrum of
GBL1 [ion (m/z) exp=573.1010 (M-HJ]; (C) mass spectrum of GB2 [iom(z) exp=573.1008 (M-H)]; (D) mass spectrum of Kola-
avanone [ion 1f/z) exp= 587.1168 (M-Hj)].
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Andrologia 5

TaBLE 1: Treatment protocol.

Groups Treatments

Group | 10 mL/kg of 29OMSO given p.o. daily for 10 weeks
BEP cocktail. [The animals received i.p. doses of cisplatin (1 mg/kg) and etoposide (5 mg/kg) ob ddgadk of the

Group Il 21 days cycle while bleomycin (0.5 mg/kg) was administered on days 2, 9, and 16].
Group Ill 100 mg/kg GKE given p.o. daily for 10 weeks
Group IV 100 mg/kg KV given p.o. daily for 10 weeks
100 mg/kg GKE BEP cocktail. [Same as Group II]. While GKE was administered p.o. 7 days prior to BEP initiation and
Group V
throughout the 9 weeks of BEP.
100 mg/kg KW BEP cocktail [Same as Group Il]. While KV was administered p.o. 7 days prior to BEP initiation and
Group VI
throughout the 9 weeks of BEP.
Groun VII 10 mg/kg silymarinr BEP cocktail [Same as Group Il]. While silymarin was administered p.o. 7 days prior to BEP
P initiation and throughout the 9 weeks of BEP.
Group VIl 5mg/kg Prednisolone BEP cocktail [Same as Group II]. While prednisolone was administered p.o. 7 days prior to BEP

initiation and throughout the 9 weeks of BEP.

Note: Table shows the treatment schedule: Rats received daily pretreatment with vehicle, GKE, KV, SLM, or PRED for 7 days before initiating B
chemotherapy to ensure steady-state drug levels. All treatments continued throughout the 9-week BEP regimen (three 21-day cycles: bleomycin on d
9, 16; etoposide and cisplatin on day8)1 Test compounds were administered 1 h before each BEP dose. This progatektandard clinical practice for

TC [5, 23, 6568]. BEP was administered intraperitoneally (i.p.) while the other administrations were through the oral routes 8hd (

Abbreviations: BEP, bleomycin, etoposide, and cisplatin; GKiEjnia kolaextract; i.p., intraperitoneal; KV, kolavirqnp., per oral; PRED, prednisolone;
SLM, silymarin.
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assay was conducted acciogl to the manufacturés  mixture, and absorbance was monitored at 340 nm for 5min.

instructions contained in the enclosed lets. The results Enzyme activity was calculated imol CDNB conjugated per

were calculated by plotting the optical density (OD) intominute per well (mol/min/well) using an extinction

a four-parametric logistic curve. The product and coef cient () of 9.6 mMtcm™.

catalog numbers for LH (Diasino) are DS177709 and Testicular nitric oxide (NO) levels were estimated via the

DS1777092012V4, respectively while that for FSH (Diasind}riess reaction. Tissue supatants were incubated with

and TST (Diasino) are DS177710 and DS1777101909V3, afitiess reagent ¢ sulfanilamide and 0% N-(1-naphthyl)

DS177714 and DS1777142110V2, respectively. ethylenediamine dihydrochloride) for 10 min at room temper-
ature (protected from light). Absorbance was measured at

2.2.3. Determination of the Testicular Tissue Antioxidans40nm, and nitrite (N@) concentrations were extrapolated

Activities. The enzymatic activities of superoxide dismutasérom a sodium nitrite (NaN@) standard curve, expressed as

(SOD), catalase (CAT), and glutathione-S-transferase (GSTM per mg protein.

along with the concentrations of reduced glutathione (GSH)

and malondialdehyde (MDA), were quared in testicular 5 5 4 yanfication of Testicular Tissue Prg#mmatory

tissue following f[he methodolog_y outlined by Bl_Jege and_AUS&ytokines (TNFeand IL-6).Testicular levels of tumor necro-
[67]. SOD activity was determined based on its capacity 19jg tactor-alpha (TNF) and interleukin-6 (IL-6) were quanti-
inhibit the autoxidation of adrenaline. Absorbance was mea- o4 using commercial enzyme-linked immunosorbent assay

sured spectrophotometrically at 492nm, and enzyme activit) |sa) kits (Wuhan Elabscience Biotechnology Co., Ltd.,
was expressed in units per milligram of protein (U/mg prOte'”)'China), following the manufactursrprotocols.

CAT activi_ty was evaluated by m_onitoring the enzymatic Forthe TNF- assay, the human TNFELISA kit (Catalog
decomposition of hydrogen peroxide fB). The reaction o E-g| -H0109) was employed, with absorbance readings
kinetics were assessed spectrophotometrically at 405nm, Witire|ated against a standard curve generated using recombi-
results reported as U/mg protein. Reduced GSH levels weggnt TNF- , while for the IL-6 assay, the human IL-6 ELISA kit
determined via its reaction with 5dithiobis-2-nitrobenzoic (Catalog No. E-EL-H6156) was used, with cytokine concentra-
acid (DTNB, Ellmars reagent), yielding 5-thio-2-nitrobenzoic tions derived from a parallel IL-6 standard curve. All assays

acid (TNB), which was measured at 405nm. ThiobarbituriGyere performed in triplicate, and data were normalized to total
acid-reactive substances (TBARS) were quadtias an protein content.

index of lipid peroxidation. Testicular homogenates were

incubated with TBA at 8@ for 45min, and absorbance was 2.2 5. Quantitative Assessment of Testicular Tissue Caspase-
recorded at 532nm. MDA concentrations were calculatedCAS-3) and Caspase-9 (CASTO testicular tissue concen-
using a molar extinction coeient of 1.56 10> M~*cm™  trations of CAS-3 and CAS-9, pivotal biomarkers of apoptosis,
and expressed as nmol MDA per mg protein. GST activityvere quantitatively analyzed in homogenized testicular tissues
was assessed spectrophottneally (Labtech LT-4500 using enzyme-linked immunosorbent assay (ELISA) Kits
microplate reader, France) by measuring the conjugation rag@Vuhan Elabscience Biotechnology Co., Ltd.; Catalog Nos. E-
of GSH to 1-chloro-2,4-dinitrobenzene (CDNB). TesticularEL-R0160 for CAS-3 and E-EL-R0163 for CAS-9, spédar
homogenates (60L) were incubated with the reaction rat antigens).
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6 Andrologia

TasLE 2: Body weight and testicular weight.

Initial body  Final body Difference in body Percentage weight Testicular  Testicular-somatic

Drug treatment weight () weight (g)  weight (DBW) (g) _ gain/loss (PW) ()  weight (g) index (TSI) (%)

Control 173.2 226.8 53.6 31.0. 2.1 0.9
BEP 230.9 227.8 -3.1 -1.4 1.2 0.5
GKE 230.7 291.0 60.3 26.1 2.8 1.0
KV 212.6 253.5 40.9 19.2 2.7 11
GKE+ BEP 233.7 252.8 191 8.2 1.4 0.6
KV + BEP 218.2 237.2 19.0 8.7 13 0.5
SLM+ BEP 219.8 240.0 20.2 9.2 15 0.6
PRED+ BEP 225.9 207.3 -18.6 -8.2 13 0.6

Note:BEP treatment led to body weight los$3(1 g—1.86PW; TSk 0.5% versus control gains (53.6 g; 3BW; TSI= 0.94). GKE and KV alone increased
weight and TSI (GKE: 60.3g; 2821.0% KV: 40.9g; 199 1.2q. Co-treatment with GKE, KV, or SLM partially reversed BEP effects @@Dg gain;
8.2-9.26PW; TSI= 0.5%0.6%, while PRED- BEP caused further 1oss18.6 g—8.2% TSI= 0.6%). Values are given as mean and percentage for groups of
eight rats each.

Abbreviations: BEP, bleomycin, etoposide, cisplatin; @glginia kolaextract; KV, kolaviron; PRED, prednisolone; SLM, silymarin.

The assay was performed in strict adherence to the manun 10% phosphate-buffered formalin (pE7.0) to preserve
facturefs protocol. Briey, testicular homogenates and predi- cellular architecture. Followingxation, the tissues were
luted standards were dispensed into micro-ELISA plateembedded in parah to facilitate sectioning. Subsequently,
precoated with rat-spea monoclonal antibodies against thin sections were prepared and stained with two crucial his-
CAS-3 or CAS-9. Subsequently, a biotinylated secondary antblogical stains: Periodic acid-Schiff-hematoxylin (PAS-H)
body, followed by an avidin-horseradish peroxidase (HRP3taining is often used for testicular tissue histopathological
conjugate, was added to each well and incubated. Followingexamination to visualize and analyze structures rich in carbo-
series of washes to remove unbound reagents, a chromogehigrates, particularly glycoproteins and polysaccharides. This
substrate solution was introduced, inducing an enzymatic cols crucial for assessing spermatogenesis and identifyingespeci
orimetric reaction proportional to the target caspase concentesticular pathologies. It also provides excellent visualization of
tration. The reaction was terminated using a stop solution, andellular and tissue morphology. These stained sections were
the OD of each well was measured spectrophotometrically #ien examined under a light microscope coupled with a host
450 nm. The absolute concentrations of CAS-3 and CAS-9 inomputer for detailed analysis and digital image acquisition
testicular samples were extrapolated from a standard cury&2, 73].
generated using known reference concentrations.

2.5. Statistical Analysiall experimental data were presented

2.3. Semen Analys&perm analysis was conducted to evaluatgis meant standard error of the mean (SEM), with a size of
sperm viability, motility, morphology, and count. The caudaeight rats per group speed for each parameter. Descriptive
epididymis was carefully excised, cleared of adipose tissue, afigtistics, including measures of central tendency (mean) and

nely minced in phosphate-buffered saline (1 mmol/Ldispersion (SEM), were employed for data summarization.
KH,PO;,, 10 mmol/L NaHPO,, 137 mmol/L NaCl, 2.7mmol/L  Comparative analyses were conducted using one-way analysis
KCI, and pH 7.0) to release spermatozoa. Sperm motility wasf variance (ANOVA) with Tukey post hoc test for multiple
assessed by categorizing sperm as progressive, nonprogresgtygparisons, implemented in GraphPad Prism software
or immotile within a single microscopiceld. Results were (Version 8.0). A threshold of <0.05 was established to
expressed as the percentagerofressive sperm motility [69]. denote statistical sigriance.
Sperm counts were determined using a hemocytometer and
reported as millions per milliliter of suspension while the spern3. Results
viability was evaluated via eositigrosin staining. Briey, )
sperm smears were prepared on glass slides, stained wid- Effects of BEP Treatment on the Body Weight and

eosir-nigrosin solution, and examined microscopically to dif- Testicular WeightTable 2 shows the effects of treatments on

ferentiate viable (unstained) from nonviable (stained) sperbody weight and testicular weight as depicted by differences in

matozoa [69, 70]. Sperm mduplogical integrity was bod_y weight (D_BW), percentage weight gain/loss (PW), and

determined using aniline blue staining. Sperm smears We;gst'lcular—somatlc index. At the end of treatment and recovery
xed, stained with a solution containing @2osin and 0%  Period, the control group gained 53.69 (P\B1.04 TSI=

fast green in a 2:1 ethanol-distilled water mixture (2:1 ratio)?-29, BEP group lost 3.1g (PW-1.44 TSI= 0.8%). The

air-dried, and analyzed under a light microscope for abnorGKE group gained 60.3g (P¥26.2% TSI= 1.0%), while
malities [71]. the KV group gained 40.9 g (P¥19.2%TSI= 1.1%. In the

GKE+ BEP group, there was 19.1g (B\VB.2% TSI= 0.8/%)
2.4. Histopathological Evaluation of Testicular Tis$tars. weight gain following recovery from BEP exposure, while the
histopathological examination, testicular tissue samples frotdV + BEP group gained 19.0g (P¥8.®R4 TSI=0.84 and
treated rats were meticulously processed. First, they wede the SLM+ BEP group gained 20.2 g (P¥8.2% TSI= 0.6%.
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Ficure2: Modulatory effects d@darcinia kolaextract (GKE) and kolaviron (KV) on reproductive hormone des in BEP-treated rats. This i

gure illustrates changes in key reproductive hormones following BEP chemotherapy and co-administration of GKE, KV, silymarin (SLM),

and prednisolone (PRED). Panels depict: (A) serum testosterone, (B) testicular testosterone, (C) serum follicle-stimulating hormone (F
and (D) serum luteinizing hormone (LH). Statistical sigrince is denoted &1 < 0.05 versus control grouBp < 0.05 versus BEP-alone
treated group. BEP, bleomycin, etoposide, cisplatin; GléEinia kolaextract; KV, kolaviron; SLM, silymarin; PRED, prednisolone.

),

However, in the PREBD BEP treated group, there was aln GKE+ BEP group, GKE increased Sg>0.05), TT
remarkable loss of 18.61 g (PW-8.2% TSI= 0.68%). (p>0.05), and FSH (p 0.05), but not LH p>0.05) levels

in BEP-treated rats compared to BEP group. In theHBEP
3.2. Hormonal Assessmehigure 2AD depicts how BEP, group, KV decreased SPp ¥ 0.05), TT f >0.05) and FSH
GKE, KV, SLM, and PRED therapy changed TST, FSH, ang > 0.05), and LH p < 0.05) levels in BEP-treated rats com-
LH levels in different experimental groups. BEP treatmenpared to BEP group. In the SLVBEP group, SLM increased
reduced serum testosterone (ST) (@2 vs 8.3 0.4, TT (p>0.05), butdecreased ST 0.05) and FSH (- 0.05),
p>0.05), testicular testosterone (TT) (9.1 vs 8.3 0.4,  and LH (b > 0.05) levels in BEP-treated rats compared to BEP
p <0.05), serum FSH (10:80.5 vs 13.92.2,p>0.05), and  group. PRED decreased S7>(0.05), TT {>0.05), FSH

serum LH (10.6-1.9 vs 13.2-1.8,p > 0.05) when compared (p>0.05), and LH p > 0.05) levels in BEP-treated rats com-
with control. Also, GKE-only treatment reduced ST (@3  pared to BEP group.

vs 8.3:0.4,p>0.05), TT (7.3t 0.3 vs 8.3 0.4,p>0.05),

serum FSH (10.20.1 vs 13.92.2,p>0.05), and serum 3.3. Effects of BEP on Sperm Parameieaysis of sperm
LH (8.9+1.8 vs 13.2 1.8,p>0.05) when compared with parameters in BEP-treated animals is shown in FiguréC3A
control. KV-only treatment reduced ST (&®.2 vs 8.% BEP treatment reduced sperm count (8023 vs 95.6-5.0,
0.4,p>0.05), TT (7.5+0.2 vs 8.3-0.4,p>0.05), serum p>0.05), viability (51.7 1.7 vs 71.6Z 1.74 p <0.05), and
FSH (10.6£0.1 vs 13.92.2,p>0.05), and serum LH motility (44.0+ 3.1 vs 65.6- 2.94 p <0.05) when compared
(7.942.2vs 13.2 1.8,p > 0.05) when compared with control. with control. Treatment with GKE and KV sigrdantly
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Ficure 3: Ameliorative effects @arcinia kolaextract (GKE) and kolaviron (KV) on sperm parameters in BEP-treated male rats.glines
presents the impact of BEP chemotherapy and co-administration of GKE, KV, silymarin (SLM), and prednisolone (PRED) on key indicat
of male reproductive health. Panels illustrate: (A) sperm count, (B) sperm viability, and (C) sperm motility. Statisticahsigig indicated

by: 3 < 0.05 versus control grouPp < 0.05 versus BEP-alone treated group.

S

(p <0.05) increased sperm viability (96:3.9, 90.Z& 3.5 vs  decreases compared to controls. Concurrently, BEP treatment
71.7+ 1.®% and motility (91.74 1.7, 85.6:2.9 vs 65.6 led to a signicant elevation in testicular MDA levets< 0.05),
2.99 in healthy rats when compared with control. Only a marker of lipid peroxidation, alongside a nonsigaint
GKE signi cantly increased viability and motility in BEP- increase in NO) when compared to the control groups. How-
treated rats when compared with BEP-alope<(.05) ever, co-administration of GKE with BEP effectively reversed
(Figure 3B,C). There was no sigoant reversal of BEP- these detrimental effects. GKE sigmintly increased GSH
induced sperm viability or motility in KM BEP group when (p <0.05), GST p < 0.05), and SODg( < 0.05) activities, while
compared with BEP-alone, however, the sperm count increas&hT levels also increased (though nonsigantly) compared
signi cantly ( < 0.05). Also, no signicant (p> 0.05) increase to the BEP-alone group. Furthermore, GKE co-administration
in count, viability, and motility was seen in SHMBEP when  signi cantly reduced NO levelg € 0.05), and nonsignicantly
compared with BEP alone. However, PRED sigaitly — decreased MDA levels, demonstrating its protective antioxi-
increased viability and motility but not sperm count in BEP-dant capacity. Similarly, KV co-administration with BEP miti-
treated rats when compared with BEP alone. gated oxidative stress. KV sigonantly increased GST
(p <0.05) and SOD (g 0.05) activities, alongside a nonsignif-
3.4. Assessment of Treatments on Testicular Oxidative Stieaat increase in CAT. KV also sigoantly decreased both
Markers.Table 3 summarizes the effects of various treatment8IDA (p <0.05) and NO p <0.05) levels compared to the
on testicular antioxidant status in rats. Administration of theBEP group. In contrast, SLM co-administration with BEP
BEP regimen signcantly reduced the activities of key testicu-showed more selective effects. While SLM sigamtly
lar antioxidant enzymes, including GSpI€0.05) and SOD increased CAT activityp(< 0.05), its effects on GSH, GST,
(p<0.05), while GST and CAT showed nonsigcént and SOD were not statistically sigoant. SLM also
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Ficure 4: Modulatory effects dBarcinia kolaextract (GKE) and Kolaviron (KV) on testicular iammatory parameters in BEP-treated

animals. This gure illustrates the impact of BEP chemotherapy and co-administration of GKE, KV, silymarin (SLM), and prednisolon
(PRED) on key markers of immmation within the testicular tissue. Panels display concentrations of (A) tumor necrosis factor-alpha (TNF-

), (B) interleukin-6 (IL-6), and (C) myeloperoxidase (MPO). Statistical signice is denoted & < 0.05 versus control groupp < 0.05
versus BEP-alone treated group.

nonsigni cantly decreased MDA and NO levels compared tgotential of the tested compounds against BEP-induced testic-
the BEP group. ular in ammation.

3.5. Effects of Treatments on Pr@ammatory Cytokine 3.6. Effects of Extract Treatments on Testicular Apoptotic
Levels in Rat Testicular Tissdelministration of the BEP  Markers.Figure 5A,B illustrates the inence of various treat-
regimen signicantly augmented testicular tissue concentraiment regimens on key apoptotic markers within the testicular
tions of pro-in ammatory cytokines, specally TNF-, IL-  tissue. BEP treatment signantly elevated testicular CAS-9
6, and myeloperoxidase (MPO) in BEP-treated rats comparegind CAS-3 concentrations in the BEP group compared to
to the control group 1§ <0.05) (Figure 4AC). Conversely, the control group | <0.05). Conversely, administration of
treatment with GKE or KV alone did not sigmantly alter ~GKE alone resulted in a sigrdant increase in CAS-9
the basal levels of testicular TNFH_-6, or MPO. Importantly, (p <0.05) but a nonsignicant increase in CAS-® ¢ 0.05).
co-administration of GKE, KV, SLM, or PRED with BEP led toSimilarly, KV alone led to non-sigréant increases in both
a signi cant reductionf < 0.05) in the BEP-induced elevation CAS-9 > 0.05) and CAS-3 > 0.05) levels compared to
of testicular TNF-, IL-6, and MPO concentrations when com- the control.
pared to the BEP-alone group (Figure~@A. The only excep- Regarding co-administration, a sigoant reduction in
tion was the SLM BEP group, where the reduction in IL-6 CAS-9 concentrationp(< 0.05) was observed in the GKE
levels did not reach statistical sigraince (Figure 4B). These BEP and KW BEP groups when compared to the BEP-alone
ndings collectively demonstrate the anti-ammatory  group (Figure 5A). However, in the SHWVMBEP and PREB
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Ficure5: (A) and (B) Modulatory effects &farcinia koleextract (GKE) and Kolaviron (KV) on apoptotic markers in testicular tissues of BEP
(bleomycin, etoposide, and cisplatin combination)-treated animals. Thige illustrates the impact of BEP chemotherapy and co-
administration of GKE, KV, silymarin (SLM), and prednisolone (PRED) on key indicators of cellular apoptosis within the testicula
parenchyma. Panels display concentrations of (A) caspase-9 and (B) caspase-3. Statistiaacsigmidenoted & < 0.05 versus control
group;®p <0.05 versus BEP-alone treated group.

BEP treated groups, the reduction in CAS-9 was not statistically Figure 6B presents representative transverse sections of rat
signi cant (p>0.05) compared to the BEP-alone group. All testes from various treatment groups, stained with PAS-H stain
co-administration groups, including GKEBEP, K\+ BEP,  and visualized under a light microscope at 400x maugtion.
SLM+ BEP, and PREB BEP, demonstrated a signant  Photomicrograph 1 (Control group) shows normal histology of
reduction in CAS-3 levelsp& 0.05) in BEP-treated rats the seminiferous epithelium, characterized by orderly arrange-
when compared to the BEP-alone group (Figure 5B). Thegwent of spermatogenic cells in all phases of spermatogenesis. In
results suggest differential modulatory effects on the apoptotiontrast, photomicrograph 2 (BEP-treated group) reveals sig-
cascade by the tested compounds. ni cant testicular damage, with seminiferous tubules exhibiting
pronounced tubular degeneration (blue arrow) and atrophy,

3.7. Histopathological Assessment of Testicular Tissu%gngS'de a disrupted germinal epithelium and compromised

Figure 6A presents representative transverse sections of sermatogonia (yellow arrow). However, photomicrographs 3
9 prese P . ; ough 8, representing the GKE, KV, GKBEP, K\*+ BEP,
testes from various treatment groups, stained with PAS-

LM+ BEP, and PREBP BEP treated groups, respectively,

and visualized aF 400x magnatlon.. Photomlcrograph 1 demonstrate an absence of observable histological abnormali-
(Control group) displays normal testicular histology, charac-t

X . L o I jes, indicating protective or ameliorative effects against BEP-
terized by intact seminiferous epithelium exhibiting all stages b gp g
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q testicular pathology.
spermatogenesis; Photomicrograph 2 (BEP-treated group duced testicular pathology

Reveals signcant testicular damage induced by BEP, marke
by atrophy of tubular germ cells (black arrows), presence o

retained sperma_\t_ids, and sloughing of spermatog_enic_cells iINteC remains one of the most common malignancies affecting
the lumen. Additionally, the basal membrane epithelial layemen of reproductive age, yet it exhibits remarkably high cure
contains vacuolated Sertoli cells (red arrow), indicating cellulgiates due to early diagnostic advancements and tica®f of
stress and degeneration. In stark contrast, photomicrographstge BEP chemotherapeutic regimen, which achieves 5-year sur-
(GKE-treated group) and 4 (KV-treated group), representingjval rates exceeding 9474, 75]. Despite its recorded thera-
animals treated with GKE and KV alone, respectively, demorpeutic success, BEP chemotherapy exerts deleterious effects on
strate normal seminiferous tubule morphology with completemale fertility by inducing testicular dysfunction, resulting in
spermatogenesis. Furthermore, photomicrographs 5 (GKE diminished sperm count, compromised sperm quality, and
BEP-treated group), 6 (K¥BEP-treated group), 7 (SLM  potential transient or permanent infertility [288]. A key
BEP-treated group), and 8 (PREMEP-treated group) illus- mechanistic contributor to such fertility impairment is oxida-
trate the protective effects of co-administration. These imagefe stress, characterized by an imbalance between ROS and
show a preserved testicular architecture with seminiferousndogenous antioxidants [79, 80]. Within the male reproduc-
tubules containing spermatogenic cells undergoing normalve tract, excessive ROS generation disrupts spermatozoal
spermatogenesis, indicating a sigrant amelioration of integrity, promotes DNA fragmentation, and ultimately
BEP-induced testicular damage by GKE, KV, SLM, and PRE@iminishes fertility [81, 82]. The susceptibility of sperm cells

. Discussion
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Ficure 6: (A) Representative histopathological sections of rat testes across treatment groupgurEhjgresents transverse sectional
photomicrographs of testicular tissues from various experimental groups, stained with periodic acid-Schiff-hematoxylin (PAS-H) and view§d
under a light microscope at 400x magration showing 1-€ontrol group: which demonstrates normal testicular architectureB2P- g
group: signicant testicular damage characterized by atrophy of tubular germ cells (black arrow) and vacuolated Sertoli cells (red arrow); 3—
GKE group: exhibits normal testicular histology; K\-group: which displays normal testicular histology; GKE+ BEP group which
reveals amelioration of BEP-induced damage with preserved testicular architectifké:+@EP group which shows preserved testicular
architecture following co-treatment; 7S£M+ BEP group which indicates a protective effect against BEP-induced testicular alterations; andg
8—PRED+ BEP group which displays restored testicular morphology after co-administration with BEP. (B) Representative histopatholoé-
ical sections of rat testes across treatment groups. Gi® presents representative transverse sectional photomicrographs of testicular
tissues from various experimental groups, stained with PAS-H, and viewed under a light microsct@@ rmagnication showed: 1—
Control group: which shows normal testicular architecture;BER group: which shows sigoant testicular damage, characterized by
tubular degeneration (blue arrow) and atrophy with a disrupted germinal epithelium and compromised spermatogonia (yellow arrow); 3
GKE group: showing normal testicular histology; MM-group: showing normal testicular histology; 35KE+ BEP group: showing the
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amelioration of BEP-induced damage with preserved testicular architectukd/ 6-BEP group: showing preserved testicular architecture
following co-treatment; 7-SLM+ BEP group: showing a protective effect against BEP-induced testicular alterations;RREB+~BEP
group: showing restored testicular morphology after co-administration with BEP.

to oxidative damage is further exacerbated by the high polyunndicative of testicular inammation. GKE, KV, SLM, and

saturated fatty acid content in their membranes and the elePRED administration attenuated theseammatory markers.

vated metabolic activity within gonadal tissues [83]. BEP also triggered apoptotic pathways, evidenced by elevated
Emerging evidence suggests that GK and its bioactige bi CAS-3 and CAS-9 expression. Notably, GKE and KV substan-

vonoid constituent, KV, may counteract these adverse effect&lly suppressed apoptotic activity by downregulating these

KV exhibits potent antioxidant and anti-imammatory proper-  caspases, whereas SLM and PRED only reduced CAS-3 without

ties, effectively scavenging free radicals while upregulatirjfecting CAS-9. These observations corroborate previous

endogenous antioxidant enzymes such as SOD, CAT, ani@ports on GKE/K\é anti-apoptotic effects [3201] and par-

GSH-Px, thereby mitigating oxidative injury to spermatogenidially align with the mechanisms of SLM [11D4] and PRED

cells and enhancing seminal parameters$33 Additionally, ~ [105, 106].

KV modulates key reproductive hormones, including TST, LH,  Histopathological analyses reinforced biochemical-

and FSH, thereby supporting Leydig cell functionality andngs, revealing that BEP induced severe testicular damage,

hypothalamiepituitary-gonadal axis regulation [85, 88]. How- including tubular atrophy, germ cell exfoliation, and Sertoli

ever, the potential dose-dependent toxicity of GKE extracts &€ll vacuolatior-consistent with prior studies [98, 99]. Con-

elevated concentrations warrants further investigation [89, 9oyersely, GKE, KV, SLM, and PRED preserved testicular archi-
This study evaluates the comparativecaty of GKE and  tecture, maintqinir_lg intact seminiferous tubules with normal

KV against BEP-induced testicular damage, using SLM arf@erm cell stratication.

PRED as reference agents. Prior research has associated BEP-

induced reductions in testicular weight with oxidative stres®. Conclusion

[91, 92]. However, our results demonstrate that GKE, KV . . o o .

SLM, and PRED signiantly attenuated BEP-mediated testiC_BEP—mduced testicular toxicity is mechanistically driven by

ular weight loss. Although BEP consistently impaired sperr?Xidative stress, immmatory cytokine activation, endocrine
count, viability, and motility, GKE and KV administration disruption, and apoptotic signaling. This study demonstrates

notably improved sperm viability and motility, with GKE exhi- t_hat adjgnctive thera’py V\.’ith GKE, KV, SLM, or PRED effec-
biting superior protective effects, ading consistent with tively mitigates BEB’detrimental testicular effects by modu-

existing literature on GI§ spermatoprotective properties lating these pathological pathways.
[93]. Intriguingly, PRED emerged as the most effective inter- o

vention in restoring sperm viability and motility, followed by Data Availability Statement
GKE, SLM, and KV.

A pivotal observation from this investigation is the pro-
nounced enhancement of sperm viability and motility follow- .
ing PRED administration in BP-treated rats, despite its Conflicts of Interest
negligible impact on sperm count. While the National Cancefrne authors declare no coiats of interest.
Institute (NCI) recognizes BEP as the gold-standard chemo-
therapeutic regimen for TC, a thorough review of existing lit- di
erature revealed no preclinical or clinical studies documenting unding
PREDs role in preserving spermatogenesis in this contexiyo funding was received for the work reported in this
Thus, this study represents thest report elucidating PRE®  manyscript.
potential chemopreventive effects against BEP-induced sper-

matotoxicity in Wistar rats. k
: - nowledgmen
Excessive ROS accumulation disrupts sperm structural ar%c owledgments

functional integrity, precipitating lipid peroxidation and fertil- \We extend our sincere gratitude for the invaluable technical
ity decline. BEP treatment markedly elevated ROS/reactiv@sistance that illuminated this research. Our appreciation goes
nitrogen species (RNS) while depleting testicular antioxidant Mr. Ikechukwu I. Okoye of the Department of Oral Pathol-
reserves (SOD, GSH, GST, CAT), concomitant with increasesyy and Oral Medicine, Faculty of Dentistry, Lagos State Uni-
MDA and nitrite levels. Treatment with GKE, KV, SLM, or versity College of Medicine, Ikeja, Lagos State, Nigeria, whose
PRED effectively restored the testicular oxidative defense sys¢pert hands meticulously prepared the tissue slides, rendering
tem, reducing MDA and NO concentrations, with GKE dem-the microscopic world visible. We are profoundly grateful to
onstrating superior etacy. Thesendings align with prior  Dr. Jarikre Theophilus from the Department of Veterinary
studies on GK [94], SLM [987], and PRED [98] in oxidative Pathology, Faculty of Veterinary Medicine, University of
stress mitigation. Ibadan, Ibadan, Oyo State, Nigeria, whose discerning eye and
Moreover, BEP signcantly upregulated pro- profound knowledge guided the accurate interpretation of the
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