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Abstract 

Background: Radiation therapy (RT) alone or in combination with chemotherapy, surgery or both is a major 

treatment option for solid malignancies. Sodium thiosulfate (STS), a donor of H2S, is a water-soluble 

inorganic sodium slat that has antioxidant and anti-inflammatory properties.  

Methods: Rats of all groups received STS for 14 days before treatment with cyclophosphamide and/or 

ionizing gamma radiation. The normal control rats received saline only. The other groups were then treated 

with cyclophosphamide (50mg/kg/wk. for 3 wk.) or exposed to gamma radiation (3 Gy/wk. for 3 weeks up 

to a total cumulative dose of 9 Gy). Then all groups received STS three times per week for 3 successive 

weeks during CYP and/or exposure to gamma- radiation.  

Results: STS reduced malondialdehyde (MDA) and elevated superoxide dismutase (SOD), catalase (CAT), 

glutathione peroxidase (GSH-Px) and reduced glutathione (GSH). Additionally, STS elevated the reduced 

gonadotropin, follicle-stimulating hormone (FSH) and the male sex hormone, testosterone. STS elevated 

thyroid hormones, triiodothyronine (T3) and thyroxine (T4). Furthermore, STS reduced the pathological 

deteriorations of testicular seminiferous tubules and thyroid follicles which reflect on caspase-3 and TNF-α 

histological markers.  

Conclusion: This study reveals that STS exerted protective effect confirmed by attenuation of oxidative 

stress and apoptosis and amelioration of the histopathological changes of both thyroid and testicular glands. 
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1-Introduction 

 The study of cancer treatments currently occupies a prominent place in research and public health 

policies. These focus not only on curative or palliative purposes, but also on reducing the toxicity of cancer 

therapies which can, in turn, increase adherence to oncology protocols and improve quality of life and 

survival.  

 Chemotherapy is currently one of the most important tools in the fight against cancer; many of its 

side effects are well known. However, others such as cognitive impairment are still being studied [1,2]. 
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Chemotherapeutic drugs for cancer treatment reveal that no drug has been advocated and as widely used as 

Cyclophosphamide for the past sixty years. Cyclophosphamide is a bi-functional alkylating agent and has 

been reported to give a better therapeutic index than other alkylating agents in animals [3]. The 

Cyclophosphamide has been used to treat more susceptible neoplasm such as breast cancer, Burkitt’s 

lymphomas, multiple myeloma and chronic leukemias [4]. 

Chemotherapy (cyclophosphamide) can cause thyroid damage and thyroid dysfunction [5]. There are 

numerous pathophysiological mechanisms for thyroid dysfunction that have been explained as (1) variation 

due to active hypothalamic pituitary axis involvement; (2) altered synthesis or clearance of thyroid hormone 

binding proteins detected in certain malignancies or caused by cancer treatment that changes total but not 

free concentration of thyroid hormones; (3) alteration of thyroid hormones metabolism, more commonly 

known as euthyroid sick syndrome, which can occur in chronically ill cancer patients [6]. 

Cyclophosphamide causes reproductive toxicity, including azoospermia, oligospermia, histological 

changes in the epididymis and testis, decreased weight of reproductive organs, and impaired fertility and 

growth in humans and experimental animals. Because of the high frequency of cellular division in the cells 

of the seminiferous epithelium, the testis is extremely sensitive to chemotherapeutic drugs [7]. 

 Ionizing radiation is used to cure cancers and can also induce cancer. The effects of ionizing radiation 

at the organism level depend on the response of the cells. When radiation hits a cell, it might damage any 

cellular organelles and macromolecules. Unrepairable damage leads to cell death, while mis-repaired 

alterations leave mutations in surviving cells. If the repair is errorless, normal cells will survive [8]. 

 Radiation-induced thyroid disorders are well-known complications after radiotherapy (RT) in 

patients with head and neck cancer. The thyroid gland is a major endocrine organ producing thyroid 

hormones for maintaining metabolism. Injury to the thyroid gland due to radiation may induce short-term 

thyroiditis and hypothyroidism (HT). Moreover, post-RT HT is associated with the accumulative radiation 

dose to the thyroid gland [9]. 

 Testis tissue, radiosensitive organ, has a variety of cells that differ in their degree of radiosensitivity. 

The spermatogonia are very radiosensitive and kill at doses less than 3 Gy in differentiation period. The 

infertility following irradiation is caused due to apoptosis of spermatogonia instead of becoming differences 

[10]. 

Thiosulfate in the form of sodium thiosulfate (STS) is a major oxidation product of hydrogen sulfide 

(H2S), an endogenous signaling molecule and the third member of the gas-transmitter family. (STS) is 

currently used in the clinical treatment of acute cyanide poisoning, cisplatin toxicities in cancer therapy, and 

calciphylaxis in dialysis patients. Burgeoning evidence show that STS has antioxidant and anti-inflammatory 

properties, making it a potential therapeutic candidate molecule that can target multiple molecular pathways 

in various diseases and drug-induced toxicities [11].  

Sodium thiosulphate appears to be a promising agent to be used concomitantly with many anticancer 

agents to reduce their adverse effects through several mechanisms including, strong antioxidant ability, anti-

inflammatory, and anti-apoptotic mechanisms through suppression of oxidative stress-mediated activation 

of TLR4/ MAPKp38/NF-κB signaling pathways [12]. 

This study aimed to assess the potential protective effect of STS on cyclophosphamide and/or ionizing 

gamma radiation-induced testicular and thyroid gland damage in rat model. 

2-Material and Methods 

2.1 Ethical approval: 

 All procedures described were studied and approved by the Research Ethics Committee for 

experimental studies (Human & Animals subjects) at National Center for Radiation Research and 

Technology (NCRRT) of the Egyptian Atomic Energy Authority (EAEA, Cairo, Egypt) (registration number 

vet cu 2305 2022451). 

2.2Chemicals and Reagents 

 Sodium thiosulfate (STS) (Chem Center 5580 la Jolla BI), Cyclophosphamide (CYP) (Nova plus- 

made in Germany) and all other chemicals were purchased from Sigma Aldrich chemical Co. (St. Louis, 

USA) 

2.3 Radiation facility 

 Whole body irradiation was carried out using the facilities provided by the national center for 

Radiation Research and Technology (NCRRT). Cesium-137 irradiation unit (Gamma cell-40) biological 

irradiator manufactured by Canada ltd. Ottawa, Ontario, Canada. The rate of Cesium-137 was 0.41Gy/min. 

at the time of experiment. 

2.4 Experimental animals 
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 Sixty-four male Wister albino rats were purchased from the Holding Company for Biological 

Products and Vaccines, VACSERA, Cairo, Egypt. The experiment was conducted at Animal Research 

Facility, Faculty of Veterinary Medicine Cairo University. The animals had 7 days of acclimatization period 

before experimentation and they were maintained in a 12 h of light-dark cycle at 7 am and 7pm with the 

regulatory temperature at 21-23°C with free access to food and drink. 

2.5 Experimental Design  

 Rats were randomly allocated into 8 groups (8 rats per group). Schematic diagram representing the 

detail analysis of the experimental design is illustrated in fig1. 

 
STS treatment 400mg/kg, IP 

CYP treatment 50 mg/kg, IP for single dose 

Normal saline 0.9 % (0.5 ml, IP) 

Gamma radiation 3Gy/ week 

 

Fig1 illustrates the detailed of the experimental design. 

 

2.6 Clinical observation and body weights 
Body weight of rats of all groups was measured weekly and any abnormalities in gross behavioral 

change or food and water intake were also registered. The percentage of body weight gain (WG) was 

calculated according to the formula WG = (FBW-IBW)/IBW*100, which considered the weight recorded in 

the beginning (IBW) and at the end (FBW) of the study [13]. Also, the specific growth rate (SGR) was 

calculated according to the formula SGR (% /d) = 100 (ln FBW − ln IBW)/t; where t” is the time of the 

experiment in days (Latency time), i.e. the time from the first dose of STS administration to the necropsy (35 

days) [14]. 

2.7Serum collection and tissue preparation 

48 hrs. after CYP injection, rats were fasted overnight and anesthetized with an intraperitoneal injection 

of sodium thiopental (20mg/kg). Blood samples were collected from retro-orbital venous plexus in plain 

tube. The blood samples were centrifuged at 4000 rpm for 10 minutes and serum was separated [12]. Under 

anesthesia, rats were euthanized and sacrificed by cervical dislocation. Testes and thyroid glands were 

removed from all animal groups. A portion of the testes and thyroid glands were homogenized in Tris-Buffer 

to prepare the tissue homogenate for biochemical analysis. In addition, the other portions of the testes and 

thyroid glands were preserved in 10% neutral buffered formalin for histopathological and 

immunohistochemical examination.  

2.8Tissue biochemical analysis  

Thyroid and testicular level malondialdehyde (MDA), a lipid peroxidation marker, were assessed using 

the commercial kits (Bio diagnostic Company, Egypt). Additionally, Superoxide dismutase (SOD), catalase 

(CAT), glutathione peroxidase (GSH-Px) and reduced glutathione (GSH) were also assessed in thyroid gland 

and testes of all animal groups using the commercial kits (Bio diagnostic Company, Egypt) [15]. 

2.9 Hormonal Biochemical analyses  

Thyroid hormones, such as triiodothyronine (T3), thyroxine (T4) and thyroid-stimulating hormone 

(TSH), and reproductive hormones as testosterone and follicle stimulating hormone (FSH) were quantified 
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in serum according to the manufacturer’s manual by enzyme linked immunosorbent assay (ELISA) kits 

(Hitachi company) [16]. 

2.10 Histopathological examination 

Tissue samples from the testes and thyroid glands were routinely processed and stained with 

hematoxylin and eosin  for histopathological examination [17]. Thyroid gland injury was quantitively 

assessed in five random high microscopic fields (40X) according to [18],with some modification using a 

grading system scaled from 0 to 4, in which 0 = normal histological structure; 1 = mild swelling of some 

follicular cells; 2 = marked swelling of follicular cells associated with exfoliated cells in the follicular lumen; 

3 = diffuse vacuolar degeneration of follicular cells associated with few apoptotic figures and 4 = extensive 

destructive lesion of thyroid follicles associated with abundant apoptotic figures.  In addition, testicular injury 

was also quantitively assessed in five stained sections by PAS high microscopic fields (40X), for degenerate 

round spermatids and spermatocytes, according to the method of [19],using a grading system 1= just 

detectable above normal levels. 2= consistently present in a high proportion (>50%) of stage VII/VIII tubules. 

2.11 Immunohistochemical analysis 

 Caspase-3(sc-373730; Santa Cruz Biotechnology, USA), an apoptotic marker, and TNF-α (sc-52746; 

Santa Cruz Biotechnology, USA), an inflammatory marker, in thyroid gland and testes were assessed 

histochemical [20]. The immunohistochemical staining for Caspase-3 and TNF-α was semi-quantitively 

assessed in ten high microscopic power fields (40X) as described by [21]. Two main criteria, the color 

intensity and the percentage (%) of positively stained cells, were basically used for this assessment. For color 

intensity, a grading system scaled from 0 to 3 was used, in which grade 0= no staining, graded 1= weak 

staining, graded 2= moderate staining and graded 3= strong staining. Similarly, a grading system scaled from 

0 to 3 was used for assessment the percentage (%) of positively stained cells in high power fields, in which 

grade 0 denotes 0%, grade 1denotes < 30%, grade 2 denotes 30%–70% and grade 2 denotes > 70%. The total 

immunoreactivity score (IRS) of each stained section is the sum of these two criteria.  

2.12Statistical Analyses 

 The obtained data was statistically analyzed using Statistical Package for Social Sciences for 

Windows software (SPSS version 20.0, SPSS Inc. Chicago, USA). Descriptive statistical values are 

presented as mean ± standard error. Comparison between groups for each analysis was performed with 

Kruskal–Wallis test for pairwise comparisons. A value of p<0.05 was accepted as statistically significant. 

Results 

3.1 STS restores the body weight, thyroid and testicular weight, and tissues/body weight ratio in CYP 

and/or R-treated group 

 Body weight and thyroid as well as testicular weights is illustrated in Table 2. In CYP+R group, body 

weight gain and tissue weights were significantly (p< 0.001) lower than those of the normal control and STS 

groups. However, relative tissue weight obtained at the end of the experiment was significantly lower than 

those of control and STS groups. The rats treated with STS+CYP showed significant higher body weight 

gain (p< 0.001, p< 0.01) than CYP group. In addition, thyroid and testicular weights of STS+CYP group 

were higher than CYP group.  

 

Table 1: Illustrates the effect of STS on body weight change, relative tissues weight, in rats treated with 

cyclophosphamide (CYP) and/or ionizing gamma radiation. 

 

Data were expressed as (Mean ± SEM).  

Values are statistically significant when p ≤ 0.05. 

pa: Significant compared to control group (one way ANOVA, Post Hock test, Tukey test), pb: Significant compared to R, Pc: 

Significant compared to CYP and Pd: Significant compared to CYP+R . 

 

Groups Control STS CYP R CYP+R STS+CYP STS+R STS+CYP+R 

IBW (g) 227.5±7.4 227.2±7.7 218.5±4.9 230.9±4.5 231.4±9.3 216.4±6.7 223.9±3.9 225.6±3.5 

FBW (g) 280.9±8.6b, c 293.4±10.5a, b 236.5±7.9a 239.9±5.1a 200.6±7a,b 239.2±8.8a 243.5±9.9a 219.8±5.8a 

WG (g) 53.37±13.1 66.2±12.4b, c 18.0±6.7 9.2±4.5 -30.8±14.1a,c 22.8±12.2 19.6±10.9 -5.8±7.9a 

% BWG 24.82±5.9b 30.17±5.7 8.32±3.3 4.11±1.9 -11.66±5.5a,c 11.79±6.4 9.12±5.1 -2.185±3.5a 

SGR (%/d) 0.60±0.14 0.72±0.13b 0.26±0.11 0.11±0.05 0.11±0.12 0.28±0.15 0.22±0.13 -0.08±0.10a 

ThW (gm) 0.22±0.02b 0.17±0.01b, c 0.14±0.005 0.12±0.02a 0.08±0.005a 0.15±0.01 0.13±0.02a 0.14±0.02 

RThW (gm) 0.04±0.001 0.046±0.001 0.06±0.007 0.05±0.003 0.07±0.005a 0.08±0.004a, b,c 0.07±0.008a 0.06±0.002 

TeW (gm) 1.35±0.08b, c 1.56±0.04b, c 0.40±0.05a 0.55±0.02a 0.33±0.04a 0.92±0.04a, b,c 1.20±0.11b,c 0.98±0.09a,b,c,d 

RTeW (gm) 1.35±0.08b, c 1.56±0.04a, b,c 0.40±0.05a 0.55±0.02a 0.33±0.04a 0.92±0.04a, b,c 1.20±0.1a, b,c 0.98±0.09a, b,c,d 

http://www.ijrti.org/


© 2022 IJNRD | Volume 7, Issue 8 August 2022 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2208093 )www.ijnrd.orgInternational Journal of Novel Research and Development (  

 

875 

3.2 STS alleviates thyroid and testicular oxidative stress biomarkers in CYP and/or R-treated rats 

 Elevated thyroid and testicular MDA levels have been recorded in CYP, R and CYP+R groups 

compared to the normal control one as shown in Tables 2 & 3. Also, thyroid, and testicular GSH, GPx, SOD 

and CAT levels were significantly reduced (P<0.05) in CYP, R, or CYP+R groups compared to the normal 

control group. Pretreatment with STS significantly reduced thyroid and testicular MDA levels and elevated 

the levels of GSH, GPx, as well as SOD and CAT activity, compared to the untreated groups. Additionally, 

there was almost non-significant difference (P>0.05) between the STS group and the control group. 

Table 2: illustrates the effect of STS on thyroid oxidative stress biomarker in CYP and/or irradiated rats. 

 

 
 Table 3 illustrates the effect of STS on testicular oxidative stress biomarker in CYP and/or irradiated rats. 

Data were expressed as (Mean ± SEM).  

Values are statistically significant when p ≤ 0.05.  

pa: Significant compared to control group (one-way ANOVA, Post Hock test, Tukey test). 

pb: Significant compared to R group, Pc: Significant compared to CYP and Pd: Significant compared to CYP+R , one international 

unit (IU) is the amount of enzyme that transforms 1 µmol of substrate per minute. 

3.3 STS alleviates serum thyroid and testicular hormonal profiles in CYP and/or R-treated rats 

 Thyroid and testicular hormonal profiles assessed in all animal groups. CYP+R group induced 

significant reduction in serum T3, T4 and testosterone as well as FSH compared with the control group (p < 

0.05).  On the contrary, significant increase of serum TSH was recorded in CYP+R group. Pretreatment with 

STS significantly elevated the level of serum T3, and T4 in addition to testosterone and FSH in comparison 

to CYP and/or R group (p < 0.05) figure (2-3). 

 

Groups MDA SOD Catalase GPx GR 

Control 7.7340±0.29c 5.08±0.25 0.99±0.01b,c 0.32±0.027b 78.61±5.09b,c 

STS 7.9260±1.04c 5.35±0.50 1.00±0.01b,c 0.34±0.026b,c 84.16±2.91b,c 

CYP 16.1700±1.57a 3.57±0.27 0.43±0.08a 0.22±0.010 42.45±5.38a 

R 13.5000±0.94 4.64±0.44 0.63±0.08a 0.11±0.018a 51.74±6.16a 

CYP+R 21.1100±1.66a,b 2.27±0.26a,b 0.20±0.05a,b 0.11±0.023a 45.63±7.12a 

STS+CYP 12.6000±1.12 4.24±0.38 0.56±0.09a 0.25±0.035b 50.82±5.83a 

STS+R 10.3300±0.92c 4.59±0.43 0.70±0.05 0.13±0.018a 62.91±2.48 

STS+CYP+R 15.2900±1.35a,d 2.51±0.30a,b 0.40±0.05a 0.21±0.026 77.94±1.35b,c.d 

Groups MDA SOD Catalase GPx GR 

Contrl 8.872±0.83b,c 0.76±0.008b,c 0.94±0.02b,c 0.45±0.04b,c 19.31±1.5b 

STS 9.324±0.61b,c 0.57±0.02a,b,c 0.82±0.03b,c 0.46±0.03b,c 19.20±0.63b,c 

CYP 23.47±0.53a,b 0.25±0.03a 0.48±0.06a 0.14±0.02a 9.85±1.8a 

R 13.5000±0.94 0.64±0.44 0.63±0.08a 0.11±0.018a 11.98±1.3a 

CYP+R 33.18±1.18a,b,c 0.12±0.005a 0.28±0.07a 0.08±0.007a 10.32±0.11a 

STS+CYP 16.11±2.01a,b,c 0.36±0.03a 0.58±0.09a,b 0.22±0.03a 11.27±1.23a 

STS+R 10.3300±0.92c 4.59±0.43 0.70±0.05 0.13±0.018a 15.12±1.7 

STS+CYP+R 19.98±0.84a,b,d 0.43±0.02a,b,c,d 0.40±0.07a 0.22±0.01a 11.25±0.84a 
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Figure (2): Effect of STS on the level of A) T3 ,B) T4 and C)TSH in the serum of male albino rats in all experimental groups. 

Data were expressed as (Mean ± SEM). pa: Significant compared to control group (one-way ANOVA, Post Hock test, Tukey 

test).,pb: Significant compared to R group ,Pc: Significant compared to CYP and Pd: Significant compared to CYP+R. 

 

 
Figure (3): Effect of STS on the level of a) testosterone and b) FSH in the serum of male albino rats in all experimental groups.  
Data were expressed as (Mean ± SEM). pa: Significant compared to control group (one-way ANOVA, Post Hock test, Tukey 

test).,pb: Significant compared to R group ,Pc: Significant compared to CYP and Pd: Significant compared to CYP+R. 

3.4 STS restores thyroid and testicular histopathological alterations incorporated with CYP injection 

and/or exposure to ionizing gamma radiation  

Thyroid gland of control and STS-treated rats groups revealed normal histological structures of 

thyroid follicles which lined by flat to cuboidal epithelium with intraluminal eosinophilic colloid and 

peripheral resorption vacuoles fig.4(a-b). On the other side, diffuse follicular cell injury with extensive 

swelling and cytoplasmic vacuolization of follicular epithelial cells in addition to pale stained colloid and 

loss of normal follicular shape were frequently demonstrated in CYP-group fig.4 c. Cytoplasmic 

vacuolization of follicular epithelial cells with reduced intensity of colloid staining associated with few 

apoptotic figures of follicular epithelium lumen were demonstrated in irradiated R-group fig.4 d. On the 

other hand, severe degenerative and destructive follicular lesions, with significant increase of the pathologic 

lesion score were recorded in CYP+R group. These destructive lesions are characterized by extensive 

necrosis and desquamation of the necrotic follicular epithelium in the follicular lumen associated with 

abundant apoptotic figures fig.4 e. Pretreatment with STS revealed marked amelioration of the 

histopathological lesions, with significant decrease of the pathologic lesions score particularly in STS+CYP 

and STS+R groups. Less swollen follicular epithelium and presence of exfoliated cells in the follicular lumen 

were demonstrated in STS+CYP fig.4 f. Whereas, normal thyroid follicles, with large hypertrophic nuclei 

were demonstrated in STS+R groups. Only mild swelling of some follicular epithelial cells was seen fig.4 

g.  Compared to CYP and R groups, mild alleviation was recorded in STS+CYP+R group, which revealed 

vacuolar degeneration of thyroid follicles which appeared swollen with vacuolization of their cytoplasm fig.4 

h. 
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Testes of normal control and STS-treated rats groups showed normal histological structure, with 

compactly arranged seminiferous tubules. The seminiferous tubules revealed synchronized population of 

maturing germ cells fig 5 (a & b).  On the contrary, sever histopathological alterations with significant 

increase of testicular pathologic scores, were demonstrated in CYP and R groups. Diffuse germ cell atrophy 

with sparse remaining apoptotic germ cells and extensive vacuolation of Sertoli cells in addition to 

proliferation of interstitial Leydig cells were demonstrated in the testes of CYP group fig5 c. Massive 

degeneration and apoptosis of germ cells with intensely eosinophilic spermatogonia and spermatocytes as 

well as round spermatids with marginated chromatin are frequently demonstrated lesions in the testes of R 

group.  In addition, atrophy of seminiferous tubules with reduction of Leydig cells number were a 

characteristic lesion in this group fig5 d. More deleterious alterations were demonstrated in CYP+R group 

appeared as extensive reduction of germ cells with distorted seminiferous tubules with completely devoid of 

germ cells  with numerous multinucleated round spermatid giant cells phagocytized by Sertoli cells fig5 e. 

Pretreatment with STS revealed significant amelioration of the previously mentioned pathological lesions 

particularly in STS+CYP and STS+R groups. STS+CYP group revealed restoration of most of seminiferous 

tubules with individual degeneration and/or apoptosis of germ cells fig5 f. Similarly, few degenerated 

seminiferous tubules with degeneration and/or apoptosis of some germ cells were demonstrated in STS+R 

group fig5 g. On the other hand, little amelioration was recorded in STS+CYP+R group, which revealed 

degeneration and/or apoptosis of germ cells in most seminiferous tubules with lesser degree in comparison 

with untreated group fig5 h. 

 

Control STS CYP R 

    

CYP & R STS & CYP STS & R STS & CYP & R 

    

Figure 5: Photomicrographs of testicular tissue section showing:  (a & b) compactly arranged 

seminiferous tubules with synchronized population of maturing germ cells arrow (c) apoptosis of germ 

cells and extensive vacuolation of Sertoli cells arrow (d) atrophy of seminiferous tubules with 

reduction of germ cells arrow (e) massive deterioration of seminiferous tubules which completely 

devoid of germ cells with numerous multinucleated round spermatid arrow (f) restoration of 

seminiferous tubules  (g) few number of degenerated spermatogenic cell layer arrow (h) degeneration 

and apoptosis of germ cells in few number of seminiferous tubules arrow (Stain: H&E; Scale 

bar=100µm). 

Control STS CYP R 

    

CYP & R STS & CYP STS & R STS & CYP & R 

    

Figure 4: Photomicrographs of thyroid gland showing: (a &b) normal thyroid follicles lined by flat to 

cuboidal epithelium with intraluminal eosinophilic colloid arrow (c) extensive swelling and 

cytoplasmic vacuolization of follicular epithelial cells with deformity of follicular shape arrow (d) pale 

stained colloid with exfoliation of follicular epithelial lining arrow (e) extensive necrosis of follicular 

epithelial lining (f) exfoliation of some follicular epithelial lining cells arrow (g), mild vacuolization 

of follicular epithelial lining with large vesicular nuclei arrow (h) swelling of follicular cells and 

vacuolization of their cytoplasm arrow (Stain: H&E; Scale bar=100µm). 
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figure 6 illustrate the pathologic lesions score of  thyroid and testicular injury.  

 
Figure (6): Effect of STS on thyroid and testicular injury score in CYP and /or R induced testicular toxicity; A) Thyroid lesion score. B) 

Degenerate round spermatids and spermatocyte. All results were presented as Median with interquartile range (IQ; n = 8), by Kruskal–Wallis 

test. pa: Significant compared to control group ,pb: Significant compared to R group ,Pc: Significant compared to CYP and Pd: 

Significant compared to CYP+R . 
 

3.5 STS attenuates Caspase-3 and TNF-α expressions 

The total immune reactivity score (TIS) of caspase-3 and TNF-α recorded in thyroid gland and testes 

of different animal groups was illustrated in Figure 9 (a-b) & 12 (a-b) . 

Caspase-3 expression   

No significant caspase-3 expression was demonstrated in the thyroid and testes of normal control and 

STS group (fig 7a, b & 8 a, b, respectively). In contrast, increased caspase-3 expression, with significant 

increase of TIS, was recorded in the thyroid and testes of CYP group (fig 7c & 8c). strong positive stained 

cells were recorded in R-group, in thyroid gland and testis (fig 7d & 8d). Significant increase of TIS, with 

significant increase of caspase-3 positively stained cells was recorded in CYP+R group, in thyroid and testes 

(fig 7e & 8e). Conversely, pretreatment with STS revealed significant reduction of caspase-3 expression with 

significant decrease of TIS particularly in STS+CYP and STS+R in affected thyroid and testicular tissue (fig 

7f,g& fig 8f,g, respectively) . Additionally, decreased % of caspase-3 positively stained cells with weak 

cytoplasmic and/or nuclear staining were demonstrated in thyroid and testis of STS+CYP+R group (fig 7h 

& 8h). 

 

Control STS CYP R 

    

CYP & R STS & CYP STS & R STS & CYP & R 

    

Figure 7 Immunohistochemical analysis of caspase-3 expression in thyroid gland showing: (a &b) no 

caspase-3 expression was demonstrated in thyroid follicles of control and STS groups (c) strong brown 

staining of the cytoplasm and/or nuclei of the thyroid follicular epithelium (d) positive caspase-3 

expression of thyroid gland (e) positively stained cells with strong brown staining of follicular 

epithelium as well as exfoliated cells (f)&(g) reduction of caspase-3 expression (h) weak cytoplasmic 

and/or nuclear staining of thyroid gland (Magnification: 200x). 
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Control STS CYP R 

    

CYP & R STS & CYP STS & R STS & CYP & R 

    

Figure 8 Immunohistochemical analysis of caspase-3 expression in testicular tissue showing : (a &b) 

no caspase-3 expression was demonstrated in testes (c) strong brown staining of the germ cells (d) 

positive caspase-3 expression in nearly all seminiferous tubules (e) positively stained cells with strong 

brown cytoplasm and/or nuclear staining in all germ cells of seminiferous tubules (f)&(g) Few 

positively stained cells in the seminiferous tubules (h) scattered spermatogonia and interstitial cells 

with brown nuclear staining (Magnification: 200x). 

Fig9 assessment of caspases-3 immunohistochemistry in thyroid and testis. 

 

 
Figure 9:  a) thyroid and b) testicular caspases-3 immunostaining. Results were expressed as Median with interquartile range (IQ, 

n = 8) by Kruskal–Wallis test. pa: Significant compared to control group ,pb: Significant compared to R group ,Pc: Significant 

compared to CYP and Pd: Significant compared to CYP+R . 

TNF-α expression 

No TNF-α expression was demonstrated in thyroid and testicular tissue of normal and STS-treated 

groups (fig 10a,b & 11a,b, respectively). Meanwhile, remarkable increase of TNF-α expression, with 

significant increase of TIS, was recorded in thyroid and testes of CYP groups (fig 10 c & 11c) . Also, 

numerous strong browns positively stained cells were frequently demonstrated in all thyroid follicles and 

seminiferous tubules R groups (fig 10d & 11d) . More conspicuous increase of TNF-α positively stained 

cells, with strong brown staining, was demonstrated in follicular epithelial cells, germ cells and the interstitial 

cells of CYP+R group (fig 10e &11e). Pretreatment with STS significantly lowered the elevated TNF-α 

expression in all pretreated groups (fig10 f,g & 11 f,g, respectively). But little amelioration was recorded in 

STS+CYP+R group, which revealed relatively abundant positively cells in thyroid gland (fig10 h) and testes 

(fig11 h). 
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Control STS CYP R 

    

CYP & R STS & CYP STS & R STS & CYP & R 

    

Figure 10 Immunohistochemical analysis of TNF-α expression in thyroid gland showing : (a &b) No 

TNF-α expression was demonstrated in thyroid gland of normal and STS-treated groups (c) remarkable 

increase of TNF-α expression of the thyroid follicular epithelium (d) numerous strong brown positively 

stained cells in thyroid gland (e) intense brown staining of follicular epithelial cells and exfoliated cells 

(f) weak cytoplasmic staining of follicular cells (g) scattered weakly stained follicular cells (h) 

abundant positively cells in thyroid gland (Magnification: 200x). 

 

Control STS CYP R 

    

CYP & R STS & CYP STS & R STS & CYP & R 

    
Figure 11 Immunohistochemical analysis of TNF-α expression in testicular tissue showing : (a &b) 

no TNF-α expression was demonstrated in testes (c) positively stained cells in the testicular germ cells 

and interstitial cells (d) strong brown stained cells demonstrated in all seminiferous tubules (e) 

positively stained cells with strong brown cytoplasm and/or nuclear staining in all germ cells and the 

interstitial cells (f) weak cytoplasmic staining in the seminiferous tubules (g) Few positively stained 

cells in the seminiferous tubules (h) abundant positively cells in testes (Magnification: 200x) 

Fig12 assessment of TNF-α immunohistochemistry in thyroid and testis. 

 

Figure 12: a) thyroid and b) testicular TNF-α immunostaining. Results were expressed as Median with interquartile range (IQ, n 

= 8) by Kruskal–Wallis test. pa: Significant compared to control group ,pb: Significant compared to R group ,Pc: Significant 

compared to CYP and Pd: Significant compared to CYP+R . 
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Discussion 

The current study takes a look at highlights the potential protective effects of STS in opposition to the 

hormonal disturbances, oxidative stress and histopathological changes triggered via CYP and /or ionizing 

gamma radiation withinside the thyroid gland and testes of male rats' model. CYP is a cytotoxic 

chemotherapeutic alkylating agent used to deal with a lot of tumors and organ transplant rejection in addition 

to autoimmune diseases [22]. Ionizing gamma radiation is a massive environmental risk factor that causes 

oxidative damage, organ dysfunction, and metabolic disturbances in biological systems via way of means of 

generating diverse kinds of reactive oxygen species [23]. 

The modern-day research exhibits that CYP, and ionizing gamma radiation induced thyroid and 

testicular toxicity evidenced via way of means of increment in thyroid and testicular MDA levels and 

depleted SOD, CAT, and GSH-Px activities. These finding confirmed that the molecules of enzymatic 

antioxidants had been inadequate to scavenge the unfastened radicals generated by CYP and/or ionizing 

gamma radiation [24]. MDA is an oxidative stress marker that is produced due to the cellular polyunsaturated 

fatty acids peroxidation [25]. SOD is the primary preventive antioxidant enzyme, which neutralizes singlet 

oxygen (1O2) and superoxide radicals (O−2) to hydrogen peroxide (H2O2) [26]. After that, H2O2 is eliminated 

via CAT, so suppressing lipid peroxidation [27]. GSH-Px with GSH catalyze the reduction of H2O2 and lipid 

peroxides [28]. Reduction of those antioxidant enzymes collectively with the uncontrollable accumulation 

of H2O2 inhibits the antioxidant protection structures of thyroid gland and testis [28].  

Pretreatment with STS improved the antioxidant protection machine in thyroid gland and testicular 

tissue. STS will increase the antioxidant activity thru a lot of mechanisms, consisting of direct ROS 

suppression, GSH cell degree modulation, and antioxidant enzyme expression enhancement [29]. 

  The gift takes a look at centered interest at the thyroid and testicular hormones modulations for the 

duration of CYP remedy and publicity to gamma radiations. Moreover, it clarifies the direct relation among 

thyroid hormones and testicular function[30].  Enumerated the famous drugs that obviously affect thyroid 

hormone parameters, like corticosteroids, amiodarone, 3-b1ocking agents, phenobarbital, or furosemide. But 

up until now, there are few mentioned information at the consequences of CYP and /or ionizing gamma 

radiation on thyroid hormones. The current investigations revealed significant decrease of serum 

triiodothyronine (T3) and thyroxin (T4). In contrast to our findings, [31]observed that thyroid hormone 

concentrations had been extended however thyroid-stimulating hormone (TSH) levels had been reduced 24 

h following CYP administration. Additionally, they explained their commentary to thyroxin release from the 

liver or inhibition of reuptake into the liver, instead of the direct stimulation of thyroid gland itself. Moreover, 

[32] mentioned that the levels of serum T3 and T4 had been considerably reduced in γ-irradiated rats. 

However, TSH was significantly increased. Hepatocellular damage, demonstrated in the current study 

following concomitant treatment with CYP and ionizing gamma radiation, could be a main leading factor in 

the significant reduction of T3 and T4 levels in those groups, as the majority of T3 (approximately 80%) is 

synthetic withinside the liver via way of means of deiodination of T4 through iodothyronine 5’-

monodeiodinase enzyme. Additionally, [33] confirmed the low activity of iodothyronine 5’-monodeiodinase 

enzyme in hepatocellular damage. Our findings are according with preceding observations on Ccl4 and/or γ-

irradiation-induced hepatotoxicity [32].  

However, [34] attributed the diminished serum level of T4 to thyroid gland dysfunction that is the 

principle supply of T4. Moreover, the substantial lower in T3 and T4 could be attributed to the inhibition in 

their biosynthesis following radiation exposure as reported by [35] Consequently, the elevated TSH level is 

regarded to stimulate thyroid gland  to produce  T3 and T4 [36]. 

Regarding steroidogenesis, testosterone and FSH levels had been considerably decreased following 

treatment with CYP and gamma radiation. Our findings are in accordance with  [37]. Testosterone and FSH 

are essential androgens, which play a pivotal function withinside the improvement and maturation of male 

intercourse organs and now have an important function in spermatogenesis and improvement of sperm. 

Moreover, numerous research mentioned that experimental radiation exposures had considerably reduced 

serum testosterone in males, confirming the direct consequences of radiation on Leydig cellular 

steroidogenesis, that is the principle supply of circulating testosterone [40, [38, 39]. About  75% of the total 

testosterone are generated by the interstitial Leydig cells to maintain spermatogenesis [40]Spermatogenesis 

is a successive  cycle of mitosis, meiosis, differentiation, and maturation, ending with sperm production. The 

outcomes of histopathology and immunohistochemistry in the present investigation reveal that the 
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concomitant use of CYP and external radiations exacerbate the toxic effect of radiation therapy on each 

thyroid gland and gonads, particularly the testes. CYP is a famous gonadotoxic agent, which critically have 

an effect on the testicular tissues as it goals swiftly proliferating cells as confirmed by [41, 42]. The testicular 

toxicity induced by CYP and gamma radiations in the current study is characterized by degeneration and 

apoptosis of germ cells, especially spermatogonia and spermatocytes. This type of germ cell death is cell 

specific. The current study showed that not only spermatogonia and spermatocytes are the most sensitive 

cells to radiation and cytotoxic agents, however additionally Leydig cells also are affected. Consequently, 

Leydig cell atrophy is coincided with decreased spermatogenesis, which is manifested by depletion of the 

elongating spermatid as well as spermatid retention as confirmed by previous studies [19, 43]. On the other 

hand, Leydig cell hyperplasia, which is demonstrated in CYP group, occurred as a compensatory response 

to decreased spermatogenesis. Multinucleated round spermatid giant cell, demonstrated in  the current study, 

is one of the most characteristic indicator of tubular degeneration [44]. 

Furthermore, degenerated spermatocytes and round spermatids are early specific alterations in the 

testes due to endocrine disturbances and confirming the decreased testosterone level as evidenced in the 

hormonal biochemical analysis [42]. On the other hand, the misshaping of seminiferous tubules and 

contracted tubular lumen are attributed to the decreased production of seminiferous tubule fluid by Sertoli 

cell, which is an androgen dependent function and  modulated by the presence of elongating spermatids[42]. 

[45]attributed the steroidogenic lesions validated in experimental research after radiation exposure to 

the significant decrease in Leydig cell LH receptors induced by radiation, as LH is the principal hormonal 

factor that governs Leydig cell function via its specific receptor, which is coupled to both adenylate cyclase 

and phospholipase-C pathways [46]. They additionally mentioned that cAMP era become considerably 

reduced after radiation publicity. cAMP is the traditional 2nd agent worried with LH-triggered Leydig 

cellular testosterone manufacturing [40]. The lower in LH receptors is defined via way of means of [47], who 

determined that radiation is capable of provoking the pinocytotic and phagocytic activity in macrophages, 

with subsequent increase the number and activity of lysosomes in different  cells, which finally augmenting 

the internalization and lysosomal breakdown of LH receptor [38].  

Our outcomes of immunohistochemistry revealed that CYP and/or ionizing gamma radiation induce 

apoptosis evidenced by increased thyroid and testicular expression of caspase 3 [48], suggested that apoptosis 

induction following CYP and/or ionizing gamma radiation caused by ROS trigger upregulation of apoptosis 

receptors such as ligand–death receptor engagement (Fas ligand–Fas receptor, TNFα–TNF receptor1), this 

stimulates the regulation of pro-apoptosis caspase proteins as Caspase-8 and Caspase-9. Caspases 8 and 9 

stimulate Bax penetration into mitochondria and development of apoptosome complex following release of 

cytochrome c. This complex and some other caspase proteins such as caspases 3, 6 and 7 are liable for look 

apoptosis morphology like membrane shrinkage and degradation of DNA. On the alternative hand, pre- 

treatment with STS reduced thyroid and testicular caspase-3 expression with decreased the percentage of 

caspase-3 positive cells. STS become regarded to inhibit apoptosis through inhibition of p38and caspase 3 

as previously confirmed by [49]. In addition to oxidative stress, treatment with CYP and ionizing gamma 

radiation can also additionally cause the pro-inflammatory reaction via way of means of growing pro-

inflammatory cytokines expression like TNF-a [48, 50]. Moreover, CYP documented as an activator of NF-

κB which might be transferred into the nucleus and perform the transcription of inflammatory cytokines 

(TNF-α), interleukins (ILs) and other mediators of apoptosis [51]. Furthermore, ionizing gamma radiation 

can trigger inflammation and reduction/oxidation (redox) reactions, which include the activation of mitogen-

activated protein kinases (MAPKs) and the TNF-protein kinase c-dependent pathway (TNF--PKC pathway) 

[52]. 

On the other hand, pre-treatment with STS decreased thyroid and testicular TNF-α expression. Because 

STS has an antioxidant effect through stimulation of several antioxidants such as nuclear factor erythroid 2-

related factor 2 (Nrf2) and additionally through modulation of various pro-inflammatory signal mechanisms 

nuclear factor-kappa (NF-κβ), as well as attenuated TNF-α [53]. 

Conclusion 
 The gift takes a look at provides proof that CYP-and/or ionizing gamma radiations- triggered thyroid 

and testicular toxicity are because of oxidative damage, evidenced via way of means of extended thyroid and 

testicular MDA levels simultaneously with reduced other antioxidant parameters. Sodium thiosulfate 

(hydrogen sulfide donor) can protect thyroid gland and testes against side effects of chemotherapy and RT 

in addition to regulate hormone secretion through antioxidative effect and ion channel regulation. 
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