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ABSTRACT 

Cancer is a complicated disorder with negative impacts on humans’ lives that intensifies the mortality 

rate. Chemotherapy and/or radiotherapy (RT) are used for cancer treatment to achieve the most efficient 

management of cancer. Cyclophosphamide (CP) is a recommended medication for plentiful tumors. It has valuable 

anti-neoplastic and immunosuppressive impacts. The combination of CP and gamma radiation (R) can boost the 

curative benefits of some malignant diseases. However, this combination has some drawbacks, such as testicular 

damage. Korean red ginseng (Panax ginseng; KRG) is rich in ginsenoside phytochemicals that exhibit 

antioxidants and anti-inflammatory activities. The purpose of the current investigation was to determine whether 

orally administering KRG water extract might significantly protect against CP and/or R toxicities. KRG exhibited 

significant amelioration of the testicular architecture as well as sperm count and sperm motility; and restored the 

serum levels of male reproductive hormones (testosterone (TH), Follicle Stimulating Hormone (FSH), and 

Luteinizing Hormone (LH)). Moreover, it improved the levels of lactate dehydrogenase (LDH), acid phosphatase 

(ACP), calcium (Ca
2+

), malondialdehyde (MDA), nitric oxide (NO), hydrogen peroxide (H2O2), and glutathione 

reduced (GSH). Also, it boosted the superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase 

(GPX) activities, lowered the elevated levels of tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), nuclear 

factor-kappa B (NF-κB), interferon gamma (IFN-γ), and programmed death-ligand 1 (PD-L1), down-regulated the 

protein expression ratios of p38 mitogen-activated protein kinase (p38-MAPK) and epidermal growth factor 

receptor (EGFR), and regulated the gene expression ratios of androgen receptor  (AR), inducible nitric oxide 

synthase (iNOS), p65 nuclear factor-kappa B (p65 NF-κB), miR-18a, and let7e in the testis tissues of R, CP, and 

R/CP intoxicated groups. It could be concluded that KRG may improve testicular impairment by attenuating 

oxidative stress and inflammatory responses via the regulation of PD-L1 and IFN-γ levels, miR-18a and let7e 

genes’ expression, and p38-MAPK and EGFR proteins’ expression. 
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INTRODUCTION 

Cancer is a complicated disorder that has negative impacts on humans’ lives and intensifies the 

global risk of mortality. Cancer prevalence and mortality rates are rising all over the world (De 

Rezendea et al., 2019). The routes for cancer treatment include chemotherapy (CT), 

radiotherapy (RT), hormonal therapy, or immunotherapy, etc. Sometimes a combination of these 

therapeutic approaches is used to achieve the most efficient management of cancer (Saini and 

Twelves, 2021).  To protect against the development of secondary neoplasia, a combination of 

CT and RT was applied as a synergistic therapy for most malignant diseases. However, both 

therapeutic models demonstrate limitations, as they induce systemic toxicity, and critically affect 

normal cells (Ganesh and Manjeshwar, 2018). The combined CT and RT during cancer curing 

can give rise to testicular toxicity in male patients (Meistrich, 2013). Cyclophosphamide (CP) 

can be combined with gamma-radiation (R) to improve the curative benefits of malignant 

diseases (Ganesh and Manjeshwar, 2018). CP is a CT drug advised for plentiful tumors and 

some chronic non-malignant diseases due to its anti-neoplastic and immuno-suppressive 

properties (Avgeropoulos and Newton, 2018, Araghi et al., 2018). CP is metabolized into the 

phosphoramide mustard then into aziridinium active forms in the liver of the patients. 

Aziridinium triggers DNA alkylation and develops DNA-DNA and DNA-protein cross-links to 

initiate the apoptosis of the malignant cell (Stork and Schreffler, 2014). The hepatic 

cytochrome P450 catalyzes the formation of acrolein, another metabolite of CP. Acrolein is 

responsible for the toxicity of CP through the induction of oxidative stress and apoptosis (Araghi 

et al., 2018).  CP triggers toxicities in different organs, including gonadal toxicity, manifested by 

histo-biochemical changes, damage to the testes and epididymis tissues, disturbance in 

gonadotropin secretion, as well as a decline in testosterone level, which leads to infertility in men 

and experimental male animals (Khamis et al., 2023).   

Ionizing radiation (IR) is an imperative modality to fight malignant diseases. About 50% of 

patients may be exposed to IR throughout their clinical management of cancer. Even so, IR 

affects normal and tumor tissues, which restricts the therapeutic process. IR exposure engender 

harmful free radicals, reactive oxygen species (ROS), and reactive nitrogen species (RNS), thus 

triggering oxidative stress in all cells and tissues.  This oxidative stress triggers impairment of 

the cell structures and leads to various diseases mediated by several signaling pathways (Ismail 

et al., 2023). Exposure to IR can cause cell damage directly or through bystander effects.  In the 

bystander effect, the irradiated cells communicate and share the acquired signals with 

neighboring cells, thus transferring the damaging effects of R to un-irradiated cells and organs. 

Exposure to IRs develops oxidative stress, inflammatory response, and apoptosis of the testicular 

tissues, depending on the radiation dose. This testicular toxicity causes alterations in the sperm 

production and function, sexual impairment, and the break-down of the spermatogenesis 

processes at high doses of radiation. Suppression of spermatogenesis processes causes sperm cell 

apoptosis and oligozoospermia, which can lead to azoospermia (Zhang et al., 2019). 

Some antioxidant natural compounds demonstrated protective activity by reversing CP toxic 

effects (Khamis et al., 2023) or exhibiting radio-protective activity (Targhi et al., 2017).   One 

of the extremely active natural drugs is Korean Red Ginseng (KRG, Panax ginseng). KRG is 

obtained after the steaming and drying of the fresh ginseng root. Accordingly, the biologically 

active Rg3, Rg5, Rh2, Rh3, Rh4, Rs3, and F4 ginsenoside phytochemical constituents were 

produced (Park, 2017a). The phytosterols, sesquiterpenes, flavonoids, polyacetylenes, alkaloids, 

and phenolic phytoconstituents are associated synergistically with ginsenosides to perform the 

biological activity of KRG (Park et al., 2018).  Ginsenosides are steroidal triterpene saponins 
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that exhibit a variety of pharmacological activities. Ginsenosides regulate the inflammatory 

response by obstructing NF-kB signaling and down-regulating the expression of pro-

inflammatory cytokines. Furthermore, KRG can encourage the activity of antioxidant enzymes 

and fight lipid peroxides, thus holding back oxidative stress (Jung et al., 2023). KRG has a wide 

range of biological activities, including antioxidants (Park et al., 2021), anti-inflammatory (Paul 

et al., 2012), anti-diabetic (Chen et al., 2019), hepatorenal protection (Elblehi et al., 2023, Park 

et al., 2017b), neuroprotection (Seo et al., 2016), radioprotection (Kim et al. 2017), 

antineoplastic (Yun et al., 2001), and immunologic benefits (Heo et al., 2016). In addition, KRG 

and its ginsenoside exhibited anti-viral activity against the human coronavirus strain OC43 

(Jeong et al., 2023). Moreover, KRG is beneficial for improving libido and protecting against 

and treating infertility in men (Kopalli et al., 2019). KRG demonstrated protection against 

testicular impairment and fertility in rats (Lee et al., 2019), recovered testicular ineffectiveness 

in aging rats (Kopalli et al., 2017a), attenuated doxorubicin-induced testicular dysfunction (Cha 

et al., 2018, Kopalli et al., 2016), and improved sperm property in Guinea pigs (Hwang et al., 

2004). KRG is a useful agent for the treatment of male infertility; however, the exact mechanism 

by which KRG improves spermatogenesis is still under investigation (Park et al., 2016). 

According to these prominent facts, we investigated the protective role of the oral administration 

of Korean red ginseng water extract (KRG) in cyclophosphamide and gamma-radiation-induced 

testicular damage in rats, considering the role of let-7 in controlling the inflammatory and 

oxidative stress responses. 

MATERIALS AND METHODS 

Chemicals 

KRG powder was purchased from the Imtenan herbal drug store.  Cyclophosphamide (Endoxan, 

Baxter Germany, Westfalen/Halle, GmbH Oncology B) was used in this study. 

Irradiation facilities 

Whole-body gamma radiation was achieved employing 
137

Cesium gamma Cell-40.  At the time 

of exposure, the radiation dose rate was 623 rad/s (radiation-absorbed dosage per second). The 

animals received 6.0 gray (Gy) of radiation, 2 Gy daily for 3days starting from day 17. 

Preparation of Korean Red Ginseng water extract 

Distilled water (dist. H2O2) was used to extracted KGR powder (1:10 wt./volume) at 90 °C for 

48 h. Then, the filtrate was dried, yielding a dark brown water extract (Hwang et al., 2004). 

Characterization of the Korean Red Ginseng extract 

Total phenolic content (TPC) (Singleton et al., 1999), total flavonoid content (TFC) (Chang et 

al., 2002), total saponin content (TSC) (Hiai et al., 1976), and total antioxidant capacity (TAC) 

(Zhang et al., 2018) of KRG extract were assessed according to the mentioned references. 

The result of TPC was demonstrated as mg gallic acid equivalents per g of dry KRG extracts (mg 

GAE/g). The result of TFC was demonstrated as mg quercetin equivalent per g of dry KRG 

extracts (mg QE/g). The TSC result was demonstrated as mg soya saponin Ba equivalents per g 

of dry KRG extracts (mg SBa E/g). The TAC was demonstrated as mg of ascorbic acid 

equivalent per gram of dry KRG extract (mg AAE/g). 

Doses of treatments 

Rats received orally 100 mg of KRG extract suspended in dist. H2O2/kg b.wt., daily for 21 days 

(Kopalli et al., 2016). On day 20, after the last dose of gamma-radiation, rats received 

intraperitoneally (IP) 300 mg of CP diluted with saline/kg b.wt. (Zhai et al., 2018). 
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Animals and experimental design 

The NCRRT animal house's breeding facility provided the male Wistar albino rats, weighing 

between 200 and 220 grams. The animals were housed in plastic cages in standard practical 

conditions. Regular pellet food and fresh water were freely available to them at all times. The 

animals spent a week acclimation period. 

Rats were randomly allocated into eight groups of ten, G1: control (C), G2: G, KRG treated rats, 

G3: R, gamma-irradiated rats, G4: CP, CP treated rats, G5: R/CP, R and CP treated rats, G6: 

G/R, G7: G/CP, and G8: G/R/CP. 

Twenty-four hours after the last dose of CP and KRG extract administration, all animals were 

anesthetized with 1.2 g urethane (Sigma-Aldrich, St Louis)/kg b.wt. (Moheban et al., 2016). The 

blood was collected from the abdominal aorta, then kept on ice to clot, and finally centrifuged.  

The separated sera were used in the assessment of reproductive hormones (TH, FSH, and LH).  

The cauda epididymis from each rat was isolated and dissected in a 0.9% NaCl solution at 37 °C 

to prepare the sperm suspension (Faqi et al., 1998). The left testes were excised, rinsed in ice-

cold saline, dried carefully, and stored at −80 °C. The right testes were fixed in 10% formalin for 

the histopathological checkup. 

Histopathological examination 

Testicular tissues were collected from all animal groups, then washed with ice-cold saline and 

fixed in a 10% formalin solution for 24 to 48 hours. They were dehydrated in a graded ethanol 

series, then cleared in xylene, inserted in paraffin blocks, and sectioned at 4-6 µm thick. The 

gained tissue sectors were de-paraffinized by xylol and stained using hematoxylin and eosin 

(H&E). After then, examined under an electric light microscope (Bancroft and Layton, 2019).  

The microscopic scoring was ranked on scales of mild (+), moderate (++) and severe (+++), 

which were applied to histological parameters [desquamation in germinal cells, disorganization 

in germinal cells, interstitial edema, degeneration in germinal cells, and reduction in germinal 

cell counts] (Tuglu et al., 2015). 

Measurement of the body weight  

Prior to scarification, the body weights (BWT) of the experimental animals in each group were 

determined. Additionally, following scarification, the testes weights (TWT) were measured with 

an electronic balance. 

Sperm count, motility, and abnormality 
The sperm count, motility, and abnormalities were assessed in the sperm suspensions. 

Hormonal investigation  

The levels of the reproductive hormones were assessed in serum.  Rat Elisa Kits were used for 

assessment of Testosterone (TH, ng/ml), Follicle Stimulating Hormone (FSH, ng/ml), and 

Luteinizing Hormone (LH, mIU/ml).  

Lactate dehydrogenase and acid phosphatase activities  

The activities of lactate dehydrogenase (LDH) and acid phosphatase (ACP) were assessed in the 

testis tissues using rat ELISA kits. 

Determination of calcium (Ca
2+

) level in the testis tissues 

The testis tissues of different studied groups were washed with ionized water, then digested in a 

mixture of concentrated nitric acid (HNO3) and hydrogen peroxide (H2O2) (5:1 v/v) until overall 

digestion of the organic materials was achieved using Milestone MLS-1200 Mega, High-

Performance Microwave Digester Unit, Italy. Ca
2+

 level was determined in the prepared tissue 

samples using an ICP (OES), Perkin Elmer, Optima 2000 DV. 
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Preparation of the crude testes’ tissues homogenates 

The testes were homogenized in ice-cold 50 mm Tris–HCl/150 mM KCl/0.25 M sucrose buffer 

(pH 7.4) (Kaushik et al., 2018) to prepare a 10% (w/v) crude tissue homogenate. 

Determination of the oxidative stress parameters and antioxidant enzymes in testis’ tissues:   
Malondialdehyde (MDA), glutathione reduced (GSH), hydrogen peroxide (H2O2), and nitric 

oxide (NO) levels, as well as superoxide dismutase (SOD), catalase (CAT), and glutathione-

peroxidase (GPX) activities were evaluated according to the described procedures using 

Biodiagnostic kits. 

Assessment of the inflammatory markers level 

The levels of tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), interferon gamma (IFN-

γ), and nuclear factor-kappa B (NF-κB) were determined in the testicular tissues using ELISA 

kits for rats.  

Western blotting analysis 

The relative protein expression ratios of p-38 MAPK and epidermal growth factor 

receptor (EGFR) compared to β-actin were assessed in the testis tissues using the Western Blot 

technique.  TRIzol reagent was used to extract tissue proteins. The total protein concentration 

was estimated by Lowry’s method (Lowry et al., 1951).  Twenty micrograms of protein per lane 

were isolated with 10% SDS polyacrylamide gel electrophoresis, then, transported to 

polyvinylidene fluoride (PVDF) membranes.  Membranes were then incubated at room 

temperature for 2 h with a blocking solution (5% nonfat dried-milk/10 mM Tris-HCl/pH 7.5/ 100 

mM NaCl/ 0.1% Tween 20).  Membranes were incubated overnight at 4°C with the designated 

primary antibodies:  p38 MAPK rabbit polyclonal antibody (Cat #PA1-30391), and EGFR rabbit 

polyclonal antibody (Cat #PA1-1110), and β-actin (Cat. No: MA5-1140), Invitrogen, Thermo 

Fisher Scientific. Then incubated with a mouse anti-rabbit secondary monoclonal antibody 

coupled to horseradish peroxidase, at room temperature for 2 h.  Chemiluminescence detection 

was achieved using the Amersham detection kit. After each incubation process, the membranes 

were washed several times (with 10 mM Tris-HCl/pH 7.5/100 mM NaCl/0.1% Tween 20) at 

room temperature. Then, the amount of the analyzed protein was computed by densitometric 

analysis using BioRad software for image and gel analysis, USA. The results were standardized 

to β-actin protein expression.  

Real-time quantitative reverse transcription polymerase chain reaction analysis 

The androgen receptor (AR), inducible nitric oxide synthase (iNOS), and p65 nuclear factor-

kappa B (p65 NF-κB) mRNA relative to β-actin were assessed in the testis tissues using the real-

time quantitative reverse transcription polymerase chain reaction (RT-qPCR).  

Total RNA from the frozen testis samples was extracted by a Qiagen kit (USA), isolated, and 

inversely transcript into complementary DNA (cDNA), employing Moloney murine leukemia 

virus (M-MLV) reverse transcriptase (Promega, Madison, USA).  Step One Plus Real-Time PCR 

System (Applied Biosystems, Foster City, CA, USA) and an SYBR® Green PCR Master Mix 

(Applied Biosystems) were conducted in a 10 µl final volume, programming the heating cycles: 

95°C (10 min), then 40 cycles of 95°C (15 s) and 65 °C (1 min).  The used sequences of PCR 

primer pairs were as follows: AR: androgen receptor: Forward: 5′-

AATGGGACCTTGGATGGAGAACTA-3′, Reverse: 5′-

TCATAACATTTCCGGAGACGACAC-3′,   iNOS: inducible nitric oxide synthase: Forward: 

5′–TCTTTGCTTCTGTGCTAATGCG–3', Reverse: 5′–GTTGTTGCTGAACTTCCAATCGT–

3', p65 NF-κB:  nuclear factor – kappa B subunit 1: Forward: 5′–CCAAAGACCCACCTCACC–

3′, Reverse: 5′– CGCTTCTTCACACACTGGA–3′, and the housekeeping reference gen; β-actin: 
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Forward: 5′–TCT ACA ATG AGC TGC GTG TG–3' and Reverse: 5′–TAC ATG GCT GGG 

GTG TTG AA–3′.  The data were evaluated with the ABI Prism sequence detection system 

software and computed using v1.7 Sequence Detection Software, from PE Biosystems (Foster 

City, CA). The relative expression values of the studying genes were evaluated using the 

comparative threshold cycle method. All values were normalized to β-actin, applying the 

expression 2
-ΔΔCt

 (Pfaffl, 2001).  

Assessment of micro-RNAs in the testis tissues 

Let7e mRNA and miR-18a relative to U6 were assessed in the testis tissues using RT-qPCR 

technique. 

Total RNA containing micro-RNAs (miRNAs) was extracted from liver tissues by using acidic 

phenol/chloroform extraction (peqGOLD RNAPure; PEQLAB Biotechnologie, Erlangen, 

Germany) according to the manufacturer's instructions. For analyses of miRNAs, 2 µg of RNAs 

were treated with DNase (Ambion, Austin, TX, USA). Using a volume of 2 µmol/L oligo d (T) 

16 primer (Promega, Mannheim, Germany) in addition to 200 U M-MLV reverse transcriptase 

(Promega) at a certain temperature of 42°C, RNAs were reverse transcribed. The cDNAs were 

quantified in real-time using primers. The qPCR volume was 13 µL, whereas 6.5 µL 

2×mastermix (Applied Biosystems, Foster City, CA, USA), 2.5 µL primer mix (1.25 µmol/L). 

miRNAs were reverse transcribed with a special primer (RT-primer). Then, for analysis of 

miRNAs extracted from liver tissues, 50 ng total RNA containing miRNAs, was reverse 

transcribed with 1 µmol/L. The following PCR primers were used, for let7e: Forward: 5′- 

TGAGGTAGGAGGTTGTATAG-3′; Reverse: 5′-GAACATGTCTGCGTATCTC-3′), miR-18a: 

Forward: 5′-GCTGAGCTAAGGTGCATCTAG-3′; Reverse: 5′-TCAACTGGTGTCGTGGAGT-

3′, and U6 RNA: Forward: 5′-ATACAGAGAAGATTAGCATGGCC-3′, Reverse: 5′-

GTCCAGTTTTTTTTTTTTTTTCGAC-3′). The let7e expression ratio was analyzed with the 

ABI Prism 7500 detection system (Applied Biosystems) and was performed according to the 

2
−∆∆CT

 method (Pfaffl, 2001).  

Assessment of the Programmed death-ligand 1  

A rat ELISA Kit from MyBioSource was used for the assessment of programmed death-ligand 1 

(PD-L1). 

Statistical analysis 

Microsoft Excel and the Statistical Package for Social Science Software (SPSS, version 23.0) 

were used to analyze the data. The data were explained as the mean ± standard error (SE).  To 

examine the variation in the variable means between groups, ANOVA (one-way analysis of 

variance) with the LSD (least significant difference) post hoc multiple comparisons was utilized.    

A p-value of less than 0.01 was deemed statistically high significant. 

RESULTS 

Histopathological examination 

The testicular parenchyma of the C and G groups showed active spermatogenesis and normal-

size seminiferous tubules. The spermatogenic cells composed of many layers: the spermatogonia, 

primary and secondary spermatocytes, and spermatids that rested on the thin basal lamina. The 

interstitial cells were found mostly in clusters between the seminiferous tubules with 

characteristically large and ovoid nuclei (Figures 1: A and B). 

On the other side, in the R group, atrophied seminiferous tubules with a widening of the 

interstitial spaces and a reduction in the number of interstitial cells were observed. 

Disorganization and pyknosis of spermatogenic cells were noticed.  
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Seminiferous tubules showed decreases in tubular diameter, losses of germinal line, total or 

partial reductions in spermatogenesis, and the presence of abnormal spermatids (Figure 1C). 

However, animal groups treated with CP revealed shrunken seminiferous tubules with wide 

interstitial spaces and disorganization of spermatogenic cells. The cells in the spermatogenic 

series showed significant decreases in their numbers, as compared to the C group. Sertoli cells 

with vacuolated cytoplasm were seen (Figure 1D).  Furthermore, animals in the R/CP group 

showed atrophy of seminiferous tubules and reductions in the number of interstitial cells. 

Disorganization and necrosis of spermatogenic cells were noticed. Degenerated and necrotic 

cells in the spermatogenic series with partial reductions of spermatogenesis were also noticed 

(Figure 1E).  

However, in the animals in the G/R group, the testicular parenchyma showed active 

spermatogenesis in normal-size seminiferous tubules in comparison with the untreated group. 

The interstitial spaces showed clusters of interstitial cells between the seminiferous tubules. Mild 

interstitial edema and hyperplasia of interstitial cells were also seen (Figure 1F). 

In addition, in the G/CP group, the seminiferous tubules showed features approximately like 

those of the C group. The spermatogenic cells appeared regularly arranged within the 

seminiferous tubules.  Mild degrees of germinal cells degeneration and widening of the 

interstitial spaces were seen (Figure 1G). 

Finally, in the G/R/CP group, testicular tissue sections revealed varied-size seminiferous tubules, 

and hyperplasia of interstitial cells. The seminiferous tubules showed a reduction of 

spermatogenic cells with hyperactivity in Sertoli cells. Some seminiferous tubules contained 

well-developed spermatids, and others were empty (Figure 1H). 

The degrees of testicular lesions for different groups are illustrated in Table (1). 

Table (1): The degrees of testicular lesions  

 

ND: Not detected, +: mild, ++: moderate, +++: severe. 

C: control group, G: Korean Red ginseng (KRG) treated group, R: gamma-irradiated group, CP: 

cyclophosphamide treated rats, R/CP: rats exposed to gamma-radiation then treated with 

cyclophosphamide, G/R: KRG treated rats, then exposed to gamma-radiation, G/CP: rats treated 

with KRG, and cyclophosphamide, and G/R/CP: KRG treated rats, then exposed to gamma-

radiation, and treated with cyclophosphamide.  
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Figure 1 Photomicrograph of the testis histopathology (H&E X200) 

Measurement of the body weight, and testis weight  

The body and testis weights, as well as their relative ratios (TWT/ BWT) of the R and CP groups 

showed high significant declines (p < 0.01) that were augmented in the R/CP group, as evaluated 

to the controls. KRG extract improved the BWT, TWT, and TWT/ BWT ratio in the G/R, G/CP, 

and G/R/CP groups (Figure 2). 

 

Sperm count, motility, and abnormality  
The data demonstrated that the sperm count, sperm motility, and sperm abnormality showed high 

significant declines (p < 0.01) in the R and CP-treated animals, which demonstrated more decline 

in the R/CP-treated group, as evaluated to the controls. KRG extract ameliorated the sperm 

count, sperm motility, and sperm abnormality in the G/R, G/CP, and G/R/CP groups (Figure 2). 
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Figure 2. Body weight, Testes weight, Relative ratio of Testes weight to Body weight, and 

sperm count, motility, and abnormality. 

The results are expressed as Mean ± SE (n = 10). a: Significance versus control (C),  

b: Significance versus radiation (R), c: Significance versus CP, d: Significance versus R/CP,  

at p < 0.01.   

 

Hormonal investigation  

The data showed that the levels of TH and LH showed high significant (p < 0.01) declines, but 

the levels of FSH revealed high significant (p < 0.01) increases in the serum of the R, CP, and 

R/CP-intoxicated groups, as evaluated to the controls. KRG extract restored TH, FSH and LH 

levels in serum of G/R, G/CP, and G/R/CP groups (Figure 3). 

Lactate dehydrogenase and acid phosphatase activities in the testis tissues 

The activity of LDH and ACP showed high significant (p < 0.01) enhancements in the testis 

tissues of the R, CP, and R/CP-intoxicated groups, as evaluated to the controls. KRG extract 

ameliorated the activity of LDH and ACP in the testis tissues of G/R, G/CP, and G/R/CP groups 

(Figure 3). 
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Figure 3. The levels of reproductive hormones, lactate dehydrogenase (LDH), acid 

Phosphatase (ACP), and calcium (Ca
2+

). Legend as figure 2. 

 

Calcium level in the testis tissues 

The level of Ca
2+

 showed highly significant (p < 0.01) decreases in the testis tissues of the R, CP, 

and R/CP intoxicated groups, as compared to the control animals. KRG extract ameliorated Ca
2+

 

levels in the testis tissues of G/R, G/CP, and G/R/CP groups (Figure 3). 

The antioxidant status:  the oxidative stress parameters and antioxidant enzymes 
The levels of MDA, NO, and H2O2 showed high significant amplification (p < 0.01). While the 

GSH contents were highly significantly (p < 0.01) decreased, and the SOD, CAT, and GPX 

activities showed high significant (p < 0.01) suppressions in the testis tissues of the R, CP, and 

R/CP intoxicated groups, as evaluated to the controls.  KRG extract reduced the MDA, NO, and 

H2O2 levels, restored the GSH contents, and improved the activities of SOD, CAT and GPX 

enzymes in the testis tissues of G/R, G/CP, and G/R/CP groups (Figure 4). 
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Figure 4. The levels of oxidative stress parameters and activities of the antioxidant enzymes 

in the rats’ testes. Legend as figure 2. 
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Figure 5: The inflammatory Markers in the testis tissues. Legend as figure 2. 

 

The anti-inflammatory Markers in the rats’ testes of different inspected animal groups 

The levels of TNF-α, IL-6, IFN-γ, and NF-κB revealed high significant (p < 0.01) increases in 

the testis tissues of the R and CP-intoxicated animals and demonstrated more significant             

(p < 0.01) increases in their levels in the R/CP intoxicated animals, as compared to the controls.  

However, KRG extract showed significant regulations in the levels of TNF-α, IL-6, IFN-γ and 

NF-κB in the testis tissues of the G/R, G/CP, and G/R/CP groups (Figure 5). 

Western blotting analysis 

The relative protein expression ratios of p38 MAPK, and EGFR revealed high significant           

(p < 0.01) up-regulations in the testis tissues of R and CP-intoxicated animals, and displayed 

more significant (p < 0.01) up-regulations in their protein expression ratios in the R/CP 

intoxicated animals, as evaluated to the control ratios.  KRG extract showed high significant       

(p < 0.01) down-regulations in the p38 MAPK, and EGFR protein expression ratios in the testis 

tissues of G/R, G/CP, and G/R/CP groups (Figure 6). 
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Figure 6: Western blot (a) and relative protein expression ratio of p-38 mitogen-activated 

protein kinases (p38 MAPK, b) and epidermal growth factor receptor (EGFR, c) to β-

actin in the testis tissues. Legend as figure 2. 

The relative gene expression ratios  

The data demonstrated that the relative gene expression ratios of AR showed high significant (P 

< 0.01) down-regulations in the testis tissues of the R and CP-intoxicated animals, and revealed 

more significant (p < 0.01) down-regulations in the relative gene expression ratios in the R/CP-

intoxicated animals, as evaluated to the control ratios.  In addition, the relative gene expression 

ratios of iNOS and p65 NF-κB demonstrated high significant (p < 0.01) up-regulations in the 

testis tissues of the R and CP-intoxicated animals, and exhibited more significant (p < 0.01) up-

regulations in the R/CP-intoxicated animals, as compared to the control ratios.  However, KRG 

extract showed high significant (p < 0.01) ameliorations in the relative gene expression ratios of 

AR, iNOS, and p65 NF-κB in the testis tissues of the G/R, G/CP, and G/R/CP groups (Figure 7). 

 

Figure 7: Relative gene expression ratios of androgen receptor (AR), inducible nitric oxide synthase 

(iNOS), and p-65 nuclear factor–kappa B (p65-NF-κB) in the testis tissues. Legend as figure 2. 
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The relative gene expression ratio of micro-RNAs in the rats’ testes  

The data demonstrated that the relative gene expression ratios of let7e and miR-18a 

demonstrated high significant (p < 0.01) up-regulations in the testis tissues of the R and CP-

intoxicated animals, and exhibited more significant (p < 0.01) up-regulations in the R/CP 

intoxicated animals, as evaluated to the control ratios.  However, KRG extract showed high 

significant (p < 0.01) ameliorations in the relative gene expression ratio of let7e and miR-18a in 

the testis tissues of the G/R, G/CP, and G/R/CP groups (Figure 8). 

The level of Programmed Death-Ligand 1 in the rats’ testes 

The levels of PD-L1 showed high significant (p < 0.01) increases in the testis tissues of R, CP, 

and R/CP intoxicated groups, as evaluated to the control animals. KRG extract ameliorated the 

PD-L1
 
levels in the testis tissues of the G/R, G/CP, and G/R/CP groups (Figure 8).  

 

Figure 8: Relative gene expression ratio of let-7e, and miR-18a, and the programmed Death-Ligand 

1 (PD-L1) level in the testis tissues. Legend as figure 2 

DISCUSSION 

The chemotherapeutic drug CP and radiotherapy induce oxidative stress and inflammation in 

different organs and tissues. Oxidative stress and inflammation are correlated with each other, 

enhancing their effects and triggering different signaling pathways. CP and R toxicities triggers 

spermatogenesis dysfunction that is associated with some mRNA genes’ expressions and some 

protein expressions. However, the synergistic cancer therapy of combined chemotherapy and 

radiation is of great consequence during the treatment of most cancer types to avoid the 

development of secondary neoplasia. This treatment strategy has drawbacks, such as systemic 

toxicity and potentially harmful effects on normal cells (Ganesh and Manjeshwar, 2018, Zhao 

et al., 2024).   

In the current study, the histopathological investigation showed alterations of the testis 

architecture in the radiation (R) and cyclophosphamide (CP) groups, which became worse due to 

the combined toxic effect in the R/CP group. These findings are consistent with previous studies, 

that cyclophosphamide and radiation induce testicular damage (Anan et al., 2018, Sharma et 

al., 2011). The results could be explained by the fact that CP testicular toxicity cause exfoliation 

and sloughing of germ cells, a decline in TH levels, and a diminution of the seminiferous tubule 

areas, resulting in widening of the interstitial spaces and substantial impacts on testicular 
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function (Anan et al., 2018). Furthermore, the seminiferous tubules are very sensitive to free 

radicals (Said et al, 2020), and exposure to gamma radiation triggers spermatid deterioration, 

leading to damage to the testicular tissues. 

In the current study, animals treated with R and/or CP showed a decrease in BWT, TWT, sperm 

count and motility and changes in testosterone, FSH, and LH levels, showing the maximum 

changes in the R/CP group, which substantiate that, changes in BWT, TWT, reproductive 

hormones fluctuations, and the toxicity of CP and R, are inter-related. The results are in 

accordance with previous findings that CP poisoning (Abd El Tawab et al., 2014, Afkhami-

Ardakani et al., 2018), as well as exposure to gamma radiation (Sharma et al., 2011) cause 

declines in BWT, TWT, and their relative ratio TWT/BWT, along with aberrant sperm count and 

shape (Sharma et al., 2011, Abd El Tawab et al., 2014,  Sivakumar et al., 2006). In male 

animals, testicular weight serves as a useful indicator of reproductive toxicity. CP and/or 

radiation toxicities lead to gastrointestinal disturbances and reduce the amount of food and water 

consumed. Nonetheless, the germinal epithelial cells are unquestionably responsible for the 

decline in testicular weight and body-weight ratio (Sharma et al., 2011, Abd El Tawab et al., 

2014). Low sperm assembly and decreased androgen levels result in a decrease in testis weight 

(Abd El Tawab et al., 2014).  

Serum reproductive hormones displayed notable changes in the R, CP, and R/CP intoxicated 

animal groups; higher amounts of FSH and decreased levels of TH and LH. The gonadotropin 

releasing hormone (GnRH) is produced by the hypothalamus' neurons. The pituitary gland, in 

response to GnRH, produces FSH and LH.  FSH and LH are associated with regulating Leydig 

cell function and male TH assembly (Khamis et al., 2023). The earlier research established the 

detrimental effects of CP and gamma radiation on the testicles, which included significant sperm 

count decreases, the induction of azoospermia and oligospermia, a high percentage of aberrant 

sperm forms, and changes in reproductive hormone levels (Anan et al., 2018, Khamis et al., 

2023). CP interferes with cellular functions and the impedes pituitary-testicular axis, resulting in 

inhibition of spermatogenesis (Khamis et al., 2023).  Significantly lower TH levels following 

gamma radiation exposure cause steroidogenesis inhibition and LH signaling disturbances in 

Leydig cells (Sivakumar et al., 2006). In addition to producing hormonal disturbance, the 

induced oxidative stress and released ROS are responsible for sperm impairment and low count. 

The sperm's plasma membranes that made of polyunsaturated fatty acid are more responsive to 

ROS attack in hypoxic environments. This is because ROS can inactivate antioxidant enzymes 

and deplete GSH storage, which increases lipid peroxidation and impairs sperm function (Lu et 

al., 2015). Additionally, oxidative stress leads to the degeneration of Leydig cells and affecting 

their steroidogenesis, which suppresses the secretion of TH (Zhou et al., 2013).  

In the current study, elevations of MDA and NO along with reduced levels of GSH in testicular 

tissues are indicative of oxidative stress. These alterations in MDA, NO, and GSH levels brought 

on by CP treatment are consistent with former studies (Abd El Tawab et al., 2014, Anan et al., 

2018), or exposure to gamma radiation (Adeyi et al., 2023). Down-regulation of gene expression 

and the generation of ROS and H2O2 in male germ cells is a result of CP toxicity coincide with 

DNA fragmentation and the integration of these molecules into DNA regulatory mechanisms 

(Aguilar-Mahecha et al., 2002). Furthermore, gamma radiation exposure increased the amount 

of ROS in the sperm, which resulted in sporadic alterations in the spermatozoa's structure and 

function. Gamma radiation exposure also contributes to testicular impairment by inducing MDA, 

NO, and H2O2, suppressing SOD, CAT, and GPX, activities, and depleting the GSH reservoir in 

the testicular tissues (Said et al, 2020).   

https://07101p7jm-1104-y-https-www-sciencedirect-com.mplbci.ekb.eg/science/article/pii/S0065128114000889#bib0255
https://07101p7jm-1104-y-https-www-sciencedirect-com.mplbci.ekb.eg/science/article/pii/S0065128114000889#bib0255
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NO is also contributed to the testicular injury and spermatogenesis impairment. There is a 

correlation between infertility and increased RNS intensity in seminal plasma (Abd El Tawab et 

al., 2014). 

The data obtained in the current study showed that the activities of LDH and ACP were 

increased in the testis tissues of the R, CP, and R/CP intoxicated groups. LDH and ACP are 

among the testicular marker enzymes that are thought to be functional indicators of 

spermatogenesis. The over-activity of LDH and ACP causes testicular atrophy, seminiferous 

epithelium, germ cells and Sertoli cells damage, leading to inhibition of steroidogenesis, and 

reduction in the testicular sperm assembly (Abd El Tawab et al., 2014, Abarikwu et al., 2012). 

The released ROS causes degeneration in the testicular tissues and catabolism of the germ cells, 

leading to the discharge of the ACP from the lysosomes (Abd El Tawab et al., 2014).   

Alteration in AR is involved in male breast and prostate cancers (Takuwa et al., 2018). ROS 

triggers activation of AR signaling, which mediates the outgrowth and progression of the tumors 

into advanced stages (Feng et al., 2020). Anticancer drugs trigger spermatogenesis impairment 

via damage of DNA and RNA synthesis, which is mediated by ROS production (Anan et al., 

2018, Khamis et al., 2023). The data showed that the ratios of androgen receptor (AR) gene 

expression were down-regulated in the testis tissues of R, CP, and R/CP groups.  

The levels of TNF-α, IL-6, and NF-κB were increased in the testis tissues of R and CP-

intoxicated animals showing the highest increase in R/CP-intoxicated animals. The induced 

oxidative stress by R and CP trigger the release of histamine, leading to induction of the pro-

inflammatory cytokines’ synthesis (Ahmed et al., 2015). This can explain the elevated levels of 

IL-6 and TNF-α. TNF-α associates with the production of inflammatory molecules, such as NO. 

TNF-α is involved in spermatogenesis impairment via reduction of spermatogenesis, destruction 

of sperm membranes. Furthermore, TNF-α depresses semen quality, reduces sperm viability and 

motility, decreases the percentage of apoptotic spermatozoa, and sperm DNA integrity, and 

triggers mitochondrial dysfunction (Zhang et al., 2021). IL-6 mediates the activation of COX-2, 

iNOS, NF-κB, and MAPKs. Also, the stimulated p38-MAPK is associated with the expression of 

IL-6, TNF-α, NF-κB, and iNOS. The acute inflammatory response to CP toxicity is initiated by 

enhancing the levels of IL-6 and TNF-α. IL-6 and TNF-α are the principal pro-inflammatory 

cytokines that are affected by CP (Anna et al., 2010). Moreover, gamma-radiation triggers the 

inflammatory response and the release of pro-inflammatory cytokines due to up-regulation of 

their gene expressions. The triggered oxidative stress and increased ROS and the inflammatory 

response to CP and gamma-radiation are associated with male infertility. ROS is involved in NF-

κB activation and encourages the assembly of pro-inflammatory cytokines. Radiation that 

triggers inflammation via NF‐ κB activation causes spermatogenesis impairment. The data in the 

current investigation demonstrated up-regulation of the NF-κB p65 subunit gene expression ratio 

in R, CP, and R/CP-intoxicated animals, which is consistent with Said et al. (2020) and Iqubal 

et al.  (2020). The up-regulation of the NF-κB p65 gene expression ratio is involved in up-

regulation of NF-κB gene expression, leading to elevation of the levels of NF-κB and the pro-

inflammatory cytokines in intoxicated groups and indicating the involvement of the 

inflammatory response in the testicular impairment as described previously (Said et al, 2020, 

Iqubal et al., 2020). In addition, iNOS gene expression was up-regulated in the R, CP, and R/CP 

intoxicated rats’ group in the current investigation. iNOS is an inflammatory element involved in 

oxidative stress and the inflammatory response to toxicants. iNOS up-regulation encourages NO 

release, thus involving nitrosative stress and DNA damage to cells and organelles.  
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Moreover, iNOS triggers NF-B activation and enhances the inflammatory response to R and CP 

toxicities (Ismail et al., 2023, Khamis et al., 2023). 

The data demonstrated that p38 MAPK, and EGFR protein expression ratios, and let7e gene 

expression ratio were up-regulated in the testis tissues of R and CP-intoxicated animals and 

displayed greater up-regulations in R/CP-intoxicated animals. The results are in agreement with 

previous findings that p38 MAPK protein expression is induced in different tissues by CP 

administration (El-Kholy et al., 2017, Abdelzaher et al., 2023), and gamma-radiation (Fan et 

al., 2017). The activation of p38 MAPK is a result of DNA damage and the intense production of 

ROS (Abdelzaher et al., 2023). Also, the induced NF-κB and up-regulated iNOS expression are 

associated in p38-MAPK activation (El-Kholy et al., 2017).  Moreover, the level of Ca
2+

 was 

decreased in the testis tissues, which could be related to the oxidative response of R, CP and 

R/CP intoxicated groups. Alteration of Ca
2+

 levels is associated with the induction of p38 MAPK 

expression (Chang et al., 2019).  Lethal-7 (let-7) is a family of miRNAs, small non-coding 

RNAs that regulate eukaryotic cells’ gene expressions. Let7e is involved in the inflammation 

process and triggers IL-6 overexpression, leading to an increase in IL-6 levels, as shown in the 

current investigation. Accordingly, disturbs the functional role of IL-6 in controlling Sertoli cell 

blood-testis barrier (BTB) dynamics and other testicular IL-6 functions, including stimulation of 

the ERK-MAPK pathways (Wei et al., 2016, Zhang et al., 2014). 

On the other hand, EGFR overexpression is coupled with chemo- and radio-resistance. EGFR 

affects prostate growth and function, and tumor invasion and mechanisms involved in MAPK 

and AR pathway (Bonaccorsi et al., 2004, Dittmann et al., 2005). MAPKs signaling pathway 

activation is involved in oxidative stress, inflammation and apoptosis mechanisms and coupled 

with testicular tissue damage, including germ cells depletion, improper seminiferous tubule, 

alteration of the sex hormone secretion and reduction of the sperm’s quantity and motility (Liu 

et al., 2021). 

In the current study, the data established that IFN-γ and PD-L1 levels were increased. Moreover, 

the miR-18a gene expression were up-regulated in the testis tissues of the R, CP, and R/CP-

intoxicated groups. miR-18a is extremely upregulated in activated T cells. miR-18a is a 

participant of the oncogenic miR-17-92a cluster (oncomiR-1). However, miR-18a performs as an 

oncogene and acts as a suppressor.  Numerous genes that involved in differentiation, autophagy, 

cell cycle regulation, apoptosis, response to stress, and proliferation are regulated by miR-18a.  

Aberrations in miR-18a expression have been reported in a variety of illnesses and pathological 

conditions, including cancer. miR-18a is implicated in cancer progression and up-regulated in 

many cancers, including prostate cancer (Kolenda et al., 2020).  In addition, miR-18a 

upregulates prostate cancer cell lines (Hsu et al., 2014). In activated T cells, miR-18a is the 

enormously intensely regulated member of the miR-17-92 cluster, triggering Th17 differentiation 

inhibition (Montoya et al., 2017). However, boosting miR-18a stimulates PD-L1 expression, 

resulting in cancer proliferation and invasion (Danbaran et al., 2020). The results of the current 

study corroborate previous findings that the increased levels of IFN-γ and PD-L1 are direct 

responses to CP and or gamma irradiation treatments (Mangano et al., 2010, Mittendorf et al., 

2020, Hussien, 2023) and that the increased levels of IFN-γ provoke EGFR activation and 

enhance the up-regulation of miR-18a and PD-L1 (Mangano et al., 2010, Danbaran et al., 

2020).   

Consequently, fighting oxidative stress and inflammation responses to R exposure and CP 

administration is essential.  In the current investigation, animals pre-treated with KRG exhibited 

protective effect against gamma-radiation exposure and CP administration, as well as, against 
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their combined toxicity in the R/CP group. The results showed that KRG water extract exhibited 

significant amelioration of the histological testicular architecture, animals and testis weights, 

sperm count, and sperm motility, restored the levels of TH, FSH and LH in the serum, improved 

the levels of LDH, ACP, Ca
2+ 

, MDA, NO, H2O2, and GSH contents, boost the activity of SOD, 

CAT, and GPX, improved the elevated levels of PD-L1, TNF-α, IL-6, IFN-γ, and NF-κB, down-

regulated the protein expression ratios of p38 MAPK and EGFR, and regulated the gene 

expression ratios of AR, iNOS, p65 NF-κB, let7e and miR-18a in the testis tissues of R, CP, and 

R/CP-intoxicated groups.  

Former studies showed that several crude extracts of natural substances decreased body weight 

loss in the animals due to radiation (Chaudhary et al., 2008).  Administration of American 

ginseng recovered the serum TH and MDA levels and ameliorated the damage in the testicular 

seminiferous tubules triggered by CP (Hosseini et al., 2018). The results of extensive studies 

revealed that KRG regulated the animals’ body weight, levels of NO and Ca
2+

, protein 

expression ratios of TNF-α, IL-6, and NF-κβ in aging rat mode, induced by D-galactose with 

high-fat diet-induced atherosclerosis (Lee et al., 2014a). KRG was reported also to restore the 

testis weight, sperm impairment, sex hormone receptors; including AR, and antioxidant-related 

enzymes; including GPX, in the testes of immobilization stress-induced rats (Lee et al., 2019), 

and to ameliorate the testicular damage induced by doxorubicin in rats by improving testicular 

histopathological architecture, the antioxidant system and hormonal imbalance (Kopalli et al., 

2016). It was shown also to improve the levels of pro-inflammatory cytokines via regulation of 

the MAPK/NF-κB pathway (Cha et al., 2018), and sperm properties in Guinea pigs (Hwang et 

al., 2004). In an elegant study Leung and Wong, (2013) clarify that KRG improved the semen 

quality and restored sex hormone levels, whereas the ginsenosides phyto-constituents 

ameliorated the sperm count and motility. Tsai et al. (2003) showed that male rats' anterior 

pituitary glands secrete extra LH after being treated with ginsenoside Rb1. Furthermore, it was 

found that ginseng stem-leaf saponins, with antioxidant, anti-inflammation, and anti-aging 

effects, regulated the defects in the seminiferous tubules, the body weight,  suppressed the 

oxidative stress and inflammatory response by depressing MDA levels, enhancing SOD and 

GPX activities, and regulating TNF-α and IL-6 levels, induced by D-galactose, as well as, 

regulating mouse sperm quality and quantity, the levels of the reproductive hormones,  

testosterone,  FSH, and LH, suppressed MAPKs pathway activation in testes, and ameliorated 

reproductive impairment by blocking MAPKs signaling (Zhang et al., 2021). Saponins from 

stem and leaf of ginseng significantly suppressed the oxidative stress, drive down MDA level, 

by enhancing SOD, CAT, and GPX activities that altered by CP in chicken (Yu et al., 2015). 

Additionally, KRG administration was shown to attenuate busulfan-induced male reproductive 

dysfunction through regulation of sperm parameters, improvement of the testicular histological 

changes, and regulation of serum TH (Jung et al., 2015), and exhibit a considerable impact on 

testicular function via regulation of the histological alterations, antioxidant status; enhancing the 

antioxidant enzymes (SOD, CAT, GPX) activities, reversed MDA level, improved GSH content 

and modulated redox proteins in aged rats (Kopalli et al., 2015). 

The ginsenoside compounds K and Rk1 are cytoplasmic inhibitors of NF-κB, they interact with 

IκB kinase, and inhibit the associated phosphorylation (Chen et al., 2023). The ginsenoside Rg1 

significantly inhibit COX-2 and PGE2 production and reduce MDA levels. The ginsenosides 

Rb1 and Rb2 reduce the TNFα level. The ginsenoside Ro inhibit the TNFα-triggered NF-κB 

signaling pathway. The ginsenosides Rf, Rb2, Rg1, and Rd ameliorated the serum levels of IL-6, 

IL-1β, and TNFα. The ginsenoside Rb1 repress IL-1β. IL-1β elevation can trigger the expression 
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of COX-2/PGE2 and iNOS/NO involved in oxidative stress, inflammatory response, and DNA 

damage. Thus, KRG ginsenosides can suppress NF-κB and MAPK signaling pathways.  Also, 

the ginsenoside Rh2 mixture (20(S)-Rh2, 20(R)-Rh2, Rk2 and Rh3) exhibited inhibitory activity 

on the expression of NF-κB signaling.  Moreover, KRG hindered the activation of p38 MAPK 

signaling pathways in IL-1β-treated SW1353 cells.  The ginsenoside Rb1 also enhanced the GSH 

contents, declined the MDA levels, inhibited COX-2 and iNOS expression, and NF-κB and p38 

MAPK pathways. Furthermore, it up-regulated the nuclear factor (erythroid-derived 2)-like 2 

(NRF2) pathways, which mediates the antioxidant and inflammatory responses (Chen et al., 

2023, Hossain et al., 2022, Kim et al., 2003, Lee et al., 2014b, Lee et al., 2018a, Lee et al., 

2018b).  KRG-saponins fractions act synergistically with the ginsenoside saponins, potentiate 

pharmacological activity of the KRG, and improve male subfertility and spermatogenesis in aged 

rats (Kopalli et al., 2017b).  In addition, the data showed that KRG regulated the levels of IFN-γ 

and PD-L1, as well as, down-regulated the gene expression ratio of miR-18a.  KRG extract 

demonstrated regulatory effects on IFN-γ, miR-18a, and PD-L1 expressions. Moreover, the 

ginsenosides Rg3, Rh2, Rh4, and Rk1 are active constituents of KRG extract and can improve 

the immune checkpoints and regulate PD-L1 expression (Lee et al., 2023).  However, 

ginsenoside Rd down-regulates miR-18a, and diminishes breast cancer metastasis (Wang, et al., 

2016). 

CONCLUSION 

Korean red ginseng water extract may improve testicular impairment induced by R, CP, or R/CP 

via attenuation of oxidative stress and inflammatory responses. Consequently, Korean red 

ginseng extract is recommended to protect against testicular dysfunction triggered by R, CP, or 

R/CP. 
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