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ABSTRACT 

 

Background: The Nile grass rat (Arvicanthis niloticus) is the most serious vertebrate pest in 

Egypt, causing significant economic losses to cultivated crops and stored foodstuffs. The 

purpose of this study was to evaluate the potential anti-fertility effects of alpha-chlorohydrin 

(ACH) and exogenous testosterone on this pest. 

Methods: Rats were orally administered ACH at a dose of 70 mg/kg for 5 days and exogenous 

testosterone at 25 mg/kg three times a week for 3 weeks. The anti-fertility effects of both 

agents were assessed after 24 hours of exposure. 

Results: The findings revealed that both ACH and exogenous testosterone significantly 

reduced the serum ATPase, Esterase, and G3PDH activities, hormonal fertility, testosterone 

levels, and LH and FSH levels. Also, the agents caused slight increases in ASAT, ALAT, GGT, ALP 

activities, urea, uric acid, and creatinine levels. There was a noticeable decline in the oxidative 

functions of the testis and epididymis; with CAT, SOD, and GSH levels in these organs being 

dramatically inhibited, while the levels of MDA and NO increased. Further, both agents led to 

a decrease in the weight of the reproductive organs, sperm count and motility, and induced 

histological changes in the epididymis and testis. Moreover, there was a reduction in the 

expression of immunohistochemical markers of androgen receptor proteins and Wilms’ 

tumor nuclear protein-1 in both testicular and epididymal tissues. 

Conclusions: The results indicate that ACH and testosterone induce infertility in male Nile rats. 

Therefore, the use of ACH and testosterone is recommended for integrated rodent control 

and management. 
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INTRODUCTION 

 

Previous toxic methods used to control rodent pests have proven ineffective and inhumane 

because mortality control has a short-term effect on the rodent populations. Rodents 

reproduce rapidly and the terminated ones are replaced soon. Also, traditional methods have 

toxic effects on non-target animals and cause secondary environmental pollution [1].  The use 

of male anti-fertility agents for rodent control has gained attention due to the potential 

efficiency in disrupting male spermatogenesis [2-4]. 

 

Alpha-chlorohydrin (ACH), can cross the blood-brain and blood-testis barriers. ACH, often 

referred to as 3-monochloropropane-1, 2-diol, or 3-chloro-1,2-propanediol, is a well-

recognized contaminant that has been detected in several types of foods [2, 3] and is often 

found in tap water [3]. This agent has proven to be species-specific, impairing the fertility of 



 

 

animals such as rats [5], hamsters [6], and the Egyptian fruit bat Rousettus aegyptiacus [2, 3]. 

However, ACH does not affect the fertility of three rodent species: Shaw’s jird, Meriones 

shawi, the lesser Egyptian gerbil, Gerbillus gerbillus, and the Cairo spiny mouse, Acomys 

cahirinus [7]. Testosterone is a vital male reproductive hormone that controls several 

processes, such as sex differentiation, spermatogenesis, male sex, and fertility [8]. It is 

responsible for several processes in the development of sexual characteristics, such as 

testicular the descent, spermatogenesis, testes and penis enlargement, and enhanced libido 

[9].  

 

Spermatogenesis is only possible in Sertoli cells, which interact directly with the germ cells. 

Thus, dysfunction of these cells often results in spermatogenic failure [10]. Various cells 

exhibit distinct markers that are often indicative of their cell types. The identification of Sertoli 

cells involves the use of certain markers, such as Wilms' tumor (WT-1) and androgen receptor 

(AR), which exhibit higher levels of expression in Sertoli cells [11, 12].  

 

Aim of the Study: Considering the above facts, we planned to evaluate the anti-fertility 

potential of ACH and testosterone in adult male wild Nile grass rats (Arvicanthis niloticus), and 

their effectiveness as anti-fertility agents in rodent pest management. 

 

MATERIALS and METHODS 

 

Chemicals: Alpha-chlorohydrin (ACH) and exogenous synthetic testosterone were supplied by 

Sigma Aldrich (St. Louis, MO, USA). All other chemicals were purchased from Pharmaceutical 

Chemicals Co Ltd (Assuit, Egypt). 

 

Animals: Forty-five adult male Nile grass rats weighing approximately 124 ±0.87 g were used 

in this study. The rats were obtained from the Al-Azhar farm, affiliated with the Faculty of 

Agriculture, Al-Azhar University. Prior to conducting the experiments, the rats were housed 

in separate cages in the animal house of the Zoology Department, Faculty of Science, Al-Azhar 

University, under normal 12-hour light/dark cycle. The rats had free access to standard 

laboratory diet and water, ad libitum. 

 

Animal Study Design: The rats were randomly divided into three groups of 15 each. The 

1stgroup (controls) received distilled water. The 2ndgroup received ACH at 70 mg/kg for 5 days 

via oral gavage [13]. The 3rdgroup received testosterone (25 mg/kg, 3 weeks, 3 times/week) 

via oral gavage, following the method described by Callies, et al. [14], with minimal 

modifications. Fresh preparations were diluted in distilled water immediately before use. 

Clinical signs were recorded in rats throughout the experimental period. 



 

 

 

Blood and Tissue Sampling: Each animal was weighed after treatment, fasted overnight, and 

then weighed again. After anesthesia (inhalation of diethyl ether), blood samples were 

withdrawn from the retro-orbital plexus, using heparinized and sterile glass capillaries. The 

sera were divided, stored at -80°C, and centrifuged at 3000 rpm for 10 min, until the 

biochemical analyses.  The animals were sacrificed shortly after blood collection and their 

testes and epididymides were dissected. Portions of the testes and cauda epididymides were 

washed in normal saline, dried, and wrapped in aluminum foils for further biochemical 

analysis of the sperm characteristics. Other portions of the epididymis and testes were soaked 

in 10% neutral formalin for later histopathological and microscopic examinations. At 

necropsy, the testes, epididymides, seminal vesicles, and prostate gland were cleaned for the 

adhering fat, excised, and weighed. The index weight of reproductive organs was calculated 

using the formula: [(organ weight /body weight) × 100]. 

 

Biochemical Determinations: A Shimadzu spectrophotometer (UV-vis 1201, Japan) was used 

for all biochemical measurements and readings. The serum aminotransferases (ALAT & ASAT) 

levels were measure using the reagent kits obtained from the German company, Human 

Gesell Schaft für Biochemical und Diagnostic GmbH. The kinetic method for measuring serum 

γ-glutamyl transferase activity was followed based on Schumann and Klauke [15, 16], using 

the reagent kits obtained from Bio Systems S.A. Costa Brava 30, Barcelona, Spain. Also, the 

serum alkaline phosphatase activity (ALP) was calculated based on DiaSys reagent kits 

obtained from DiaSys Diagnostic Systems GmbH, Germany, as described earlier by Moss and 

Henderson [17]. Another kit was purchased from Biodiagnostic, Dokki, Giza, Egypt, and used 

to measure the serum levels of urea, uric acid, creatinine, as each of these agent has been 

described by Chaney et al. [18], Husdan and Rupoport [19], and Trivedi, et al. [20], 

respectively. 

 

Oxidative Stress Markers of Testis & Epididymis: The testis and epididymis malondialdehyde 

(MDA), nitric oxide (NO), and reduced glutathione (GSH) levels, as well as superoxide 

dismutase (SOD) and catalase (CAT) activities were determined using ELISA (Dynatech 

microplate reader; model MR-5000, ON, Canada). The ELISA kits were purchased from 

SinoGeneClon Biotech Co., Hang Zhou, China. 

 

Determination of Testosterone, LH, FSH, ATPase, Esterase, and G3PDH: Similarly, we used the 

same Dynatech microplate reader to measure the luteinizing hormone (LH), serum 

testosterone, follicular stimulating hormone (FSH), ATPase, Esterase, and G3PDH 

concentrations, based on the rat ELISA kits obtained from SinoGeneClon Biotech 

 



 

 

Sperm Count and Motility: The cauda epididymis tissues were removed and incubated for 15 

minutes at 38°C in 2ml normal saline. A hemocytometer was used under a high-power light 

microscope to assess the motility and count the sperms, expressed as 106/ml.  

 

Histopathology: The paraffin sections at 5μm thick were stained with eosin and hematoxylin 

[3, 4] and examined under light microscopy. 

 

Morphometric Analyses: Seminiferous tubule diameter, epithelial lining and tunica albuginea 

thicknesses in the testis were measured under light microscopy. Additionally, the epididymal 

ductus diameter and height were similarly examined. For each set of samples, ten non-

overlapping photomicrographs were taken at 400x magnification. 

 

Johnsen's Score for Spermatogenesis: Spermatogenesis was evaluated using Johnsen's 

testicular scoring system [21], providing a semi-quantitative assessment. Each sectioned 

tubule was rated from “10” to “1”, based on the presence or absence of the primary cell types 

as presented in Table 1. The implied rating was determined by randomly selecting 10 

seminiferous tubules per rat. 

 

Immunohistochemistry Examinations: The paraffin-embedded tissue slices were rehydrated 

using ethanol. Then these sections were treated (15 min) with 10mM citrate buffer (pH 6) in 

the case of androgen receptor (AR) staining, or with 0.001 M EDTA buffer (15 min) at 95ºC for 

Wilms' tumor nuclear protein (Wt-1) staining. The sections were incubated overnight at 4ºC, 

followed by immersion in 1% hydrogen peroxide for 10 minutes. These samples were then 

immersed in 1% bovine serum albumin (BSA) for 30 minutes. Various primary antibodies were 

then applied to these sections. This investigation used rabbit polyclonal antibodies against rat 

AR (Santa Cruz Biotechnology; CA, USA) and rabbit polyclonal antibodies against rat Wilms' 

tumor nuclear protein (Wt-1). A non-immune rabbit IgG was used as a negative control 

instead of primary polyclonal antibodies.  After washing with phosphate-buffered saline 

(PBS), the sections were incubated with horseradish peroxidase-conjugated goat anti-rabbit 

IgG for 30 minutes. Diaminobenzidine (DAB) was used as the substrate for visualization. The 

slides were then dehydrated, using ethanol and xylene, counterstained with hematoxylin, and 

mounted in resin. 

 

Statistical Analyses: Analyses of variance (ANOVA) and post-hoc multiple comparisons Tukey’s 

test were conducted based on Steel and Torrie methodology [22]. We used the statistical 

analysis system (SAS) program (Cary, NC, USA). 

 

 



 

 

RESULTS 

 

Liver and Kidney Functions: Tables 2 and 3 indicate that alpha-chlorohydrin and exogenous 

testosterone significantly elevated serum ASAT, ALAT, GGT, and ALP activities, as well as urea, 

creatinine, and uric acid levels, compared with those of the control group. 

 

Oxidative Stress Markers of Testis and Epididymis: Tables 4 and 5 indicate that ACH and 

exogenous testosterone significantly elevated MDA and NO levels while the CAT, SOD, and 

GSH levels were reduced significantly compared to those of the control group. 

 

Serum Hormones and Enzymes: Tables 6 and 7 indicate that ACH and exogenous testosterone 

significantly reduced the serum ATPase, esterase, and G3PDH activities. Similar events 

occurred for testosterone, LH, and FSH levels compared to those of the control group. 

 

Sperm Count and Motility: As shown in Table 8, ACH and exogenous testosterone caused a 

significant reduction in both sperm count, and the percentage of motile sperms. Additionally, 

there was a significant rise in the percentage of non-motile sperms compared to those of the 

control group. In the exogenous testosterone-treated group, all sperms became immotile. 

 

General Health, Index Organ Weights: The rats that received both ACH and testosterone did 

not experience any mortality. The rats were active and displayed normal behavior. In both 

treatment groups, no unusual clinical symptoms were observed, except for a significant 

decrease in the index weight of reproductive organs compared to those of normal controls 

(Table 9). 

 

Testicular Histological and Morphometric Analyses: Macroscopic examinations of the testes 

in the control group showed a normal testicular architecture with complete spermatogenesis. 

The testicular tissue consisted of round or oval-shaped seminiferous tubules separated by 

interstitial tissue (Figures 1a & 1b). In contrast, ACH-treated testes had been affected for their 

spermatogenesis. The testes displayed a thickened tunica albuginea, reduced diameter of 

seminiferous tubules, congested blood vessels, and spermatogenic arrest. There were 

degenerated seminiferous tubules with germ cells exfoliating or detached from the 

seminiferous epithelia. The seminiferous tubules lacked sperm, and wide intertubular spaces 

between seminiferous tubules were observed with large congested blood vessels (Figures 1c, 

1d & 1e).  

 



 

 

Histopathological changes in the testosterone-treated testes were significantly affected for 

their spermatogenesis. The testis exhibited thickening in the tunica albuginea accompanied 

by spermatogenic arrest, characterized by degeneration of all seminiferous tubules, absence 

of spermatogenic series in the tubular lumens, numerous congested blood vessels and 

interstitial edema (Figures 1f, 1g & 1h). The seminiferous tubules revealed exfoliated germinal 

epithelia in the lumens (Figure 1g). Several atrophied seminiferous tubules with irregular 

outlines and decreased diameters were observed (Figure 1g). In both treated groups, there 

was a significant increase in tunica albuginea thickness and a reduction in germinal lining 

height and diameter of the seminiferous tubules compared to those of the untreated group 

(Figures 2a, 2b & 2c). The mean scores for testicular biopsies in both treated rats were 

significantly lower than those of the control group, indicating impaired spermatogenesis had 

occurred in both treated groups (Figure 2d). 

 

Testicular Immunohistochemistry 

 

Androgen Receptors: The testes in the control rats showed normal, strong expression of 

androgen receptors (AR) in Sertoli, Leydig, and peritubular cells, as shown in Figure 3a. In the 

ACH group, AR immunoreactivity was weak (Figure 3b). In contrast, Sertoli, Leydig, and 

peritubular cells, in the exogenous testosterone group showed negative expression of AR 

(Figure 3c). 

 

Wilms’ Tumor Nuclear Protein: The testis in the untreated rats showed a strong, extensive 

reaction and stained nuclei of Sertoli and peritubular cells for Wt-1, as shown in Figure 4a. In 

the ACH group, Wt-1 immunoreactivity showed weak reactions to Sertoli and peritubular cells 

(Figure 4b). Wilms’ tumor protein expression was limited in the peritubular and Sertoli cells 

in the exogenous testosterone group (Figure 4c). 

 

Epididymal Histological and Morphometric Analyses: The epididymis in the control rats had 

normal structures of the epididymal ducts containing numerous spermatozoa with normal 

sperm density in the lumen (Figures 5a & 5b). In contrast, the epididymal ducts in the ACH-

treated group were devoid of sperm and contained cell debris. Vacuolization occurred in the 

epididymal lining (Figures 5c & 5d). In the testosterone-treated group, the epididymal ducts 

showed a scarce number of spermatozoa (hypospermia) and marked inflammation. There 

was expansion of interstitial tissue with mononuclear inflammatory cell infiltration and 

congested blood vessels (Figures 5e & 5f). In both treatment groups, morphometric analyses 

of the epididymis revealed insignificant changes in the epithelial height. However, there was 

a significant reduction in the diameter of epididymal ducts compared to those noted in the 

untreated group (Figures 6d & 6e).  

 



 

 

 

 

Epididymal Immunohistochemistry 

 

Androgen Receptors: In the control group, strong nuclear AR immunoreactivity was observed 

in epididymal ducts and intertubular spaces (Figure 7a). After treatment; however, the ACH-

treated group showed weak AR immunoreactivity in these areas (Figure 7b), while, the 

testosterone-treated group showed negative AR immunoreactivity (Figure7c). 

 

Wilms’ Tumor Nuclear Protein: In terms of Wt-1 expression, the control group exhibited 

strong nuclear immunoreaction in the epididymal ducts and intertubular spaces (Figure 8a).  

Conversely, the ACH-treated group showed weak immunoreaction in these areas (Figure 8b). 

The testosterone-treated group displayed limited expression of Wt-1 immunoreaction, 

mainly in the cribriform shape of the epididymal ducts and intertubular spaces (Figure 8c). 

 

DISCUSSION 

 

This study investigated the potential of the anti-fertility effects of ACH and exogenous 

testosterone in adult Nile grass rats, to integrate these agents into rodent pest management 

programs. The results showed a strong impact on male fertility, but no recorded deaths, 

indicating no overall health impact. There was evidence of hepato-renal damage induced by 

ACH and exogenous testosterone as shown by increased activities of serum ASAT, ALAT, GGT, 

and ALP, plus uric acid, creatinine, and urea. Furthermore, both treatments were found to 

raise the oxidative stress biomarkers in the testes and epididymis, which is consistent with 

the findings of previous studies [23, 24]. The antioxidant defense system is activated when 

there is severe impairment of oxidative stress and reactive oxygen species (ROS) production. 

The ROS damages spermatozoa through lipid peroxidation and disrupting the sperm function. 

Animals treated with ACH exhibited a dose-dependent decline in antioxidant enzymes, such 

as GSH, SOD, and catalase. Also, ACH increased the MDA and NO levels in the testes and 

epididymis. By reducing the activity of antioxidant enzymes, ACH promotes lipid peroxidation 

in the testis and epididymis leading to excessive ROS generation. 

 

Both anti-fertility compounds led to significantly low levels of testosterone, LH, FSH, ATPase, 

Esterase, and G3PDH. Sperm pathology is associated with ROS production and oxidative 

damage, including depletion of the above parameters. These findings are consistent with 

those of Kim, et al. [23]. Of note, ACH inhibits GAPDH by oxidizing it within the sperm cells to 

form  



 

 

3- chloroacetaldehyde [24, 25]. GAPDH, a glycolytic enzyme essential for male fertility and 

sperm motility is a vital target protein in oxidative stress [26]. Additionally, sperms contain an 

enzyme isoform that is highly susceptible to oxidative damage [27]. ACH inhibits GAPDH 

activity in rat sperm and epididymis by depleting ATP levels [3, 27]. The spermatogenic effects 

of ACH have been attributed to the blockage of epididymal sperm metabolism [3], inhibition 

of androgen-dependent enzymes, like acetylcholine esterase and adenosine triphosphatase 

within the epididymis [28], and inhibition of sperm motility through prolonged alkylation of 

cysteine residues [29]. A low sperm count is associated with low testosterone levels, and a 

free-radical attack can reduce their motility [30]. Further, impaired sperm motility may lead 

to infertility as sperms are unable to penetrate the zona pellucida and reach the site of 

fertilization [31]. 

 

In the current study, both anti-fertility compounds caused a significant decline in the male 

reproductive organs of the treated rats compared to that of the control group. This decline is 

likely due to androgen insufficiency, as androgens are necessary for the normal growth of 

these organs [4, 5]. The testicular examinations revealed a significant decrease in John’s score 

of spermatogenesis and changes in histology, including tubular atrophy and Sertoli cell 

necrosis. These were evident by a significant decrease in the diameter of seminiferous tubules 

after exposure to ACH and exogenous testosterone. These results are consistent with other 

recent studies in experimental animals exposed to ACH [3, 4]. 

 

Compared to the control group, ACH and exogenous testosterone decreased AR immune 

expression. Both groups also reduced the testosterone content in the testes, which led to a 

decrease in AR immunoexpression. Wahab, et al. [32] stated that lower serum testosterone 

levels results in a reduction in testicular AR expression in rats exposed to other chemicals. 

Also, there was a notable decline in the serum testosterone levels, corresponding to a 

reduction in mRNA expression of AR and genes responsible for regulating testosterone 

synthesis. Consequently, this led to malfunctions in the spermatogenesis [32]. The Wt-1-

positive cells were mainly in Sertoli cells and were slightly reduced in the treated group 

compared to that of the control group. These results are consistent with previous studies that 

found reduced AR and Wt-1 positive staining in the treated compared to the untreated groups 

[32, 33]. 

 

The epididymis is an androgen-dependent organ. In both treatment groups, we found 

damages had occurred to the tissue cellular structures. The morphometric analyses of this 

organ showed the formation of intraepithelial spaces and vacuoles in the epithelial lining of 

the ducts, the presence of cellular debris inside the epididymal lumen, and vesicular 

congestion. These results may be attributed to the toxins that directly disrupt the structural 

and functional elements [34]. 

 

https://en.wikipedia.org/wiki/Chloroacetaldehyde


 

 

Exogenous testosterone causes hyperplasia of epididymal lining in rats, similar to other 

steroid hormones such as estrogen, which binds to its nuclear receptors [35]. As a result, gene 

expression regulated by transcription factors, including apoptosis, metabolism, cell 

proliferation, and differentiation, was activated [36]. Androgens play a crucial role in the 

maturation of spermatozoa in the epididymis by mediating the effects of androgen receptor 

(AR). Epididymal epithelial and interstitial cells contain the AR [36]. In this study, the 

epididymis in the control rats showed the same localization of androgen receptors in the 

control animals as observed in other studies [33]. The immunostaining AR and Wt-1 in the 

epididymal ducts in both treated rats revealed weak to negative reactions in the experimental 

groups. These results are consistent with those reported by other studies on a variety of 

biological markers [34].  

 

CONCLUSIONS 

 

Based on the present physiological, histological, and immune-histochemical findings, both 

ACH and exogenous testosterone can exert negative effects on the male fertility of Nile grass 

rats. Thus, we recommend the application of these compounds as part of an integrated pest 

management program. 
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Figure 1: Photomicrographs of testis tissue sections from Nile grass rats stained with H&E. 

(a & b) show the control group with a normal testicular structure characterized by oval or 

rounded seminiferous tubules (ST) containing numerous sperm (Sp) and narrow intertubular 

spaces (IT). (c, d & e) show the ACH-treated group which exhibits thickening of the tunica 

albuginea (TA), degenerated seminiferous tubules with exfoliation of germ cells (head arrow), 

wide intertubular spaces (IT), and large congested blood vessels (BV) (f, g & h), demonstrate 

the testosterone-treated group, displaying thickening of the tunica albuginea (TA), atrophied 

seminiferous tubules with irregular outlines (arrows), tubular degeneration of seminiferous 

tubules (ST), exfoliation of the germinal epithelium (head arrow), and interstitial edema with 

large intertubular spaces (IT). 



 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Effect of alpha-chlorohydrin and exogenous testosterone on testicular 

morphometric analysis and stages of spermatogenesis in Nile rats. (a, b & c) Morphometric 

analysis of the testis.  a) Diameter of seminiferous tubules, b) Epithelial height of seminiferous 

tubules, c) Thickness of the tunica albuginea. d) Stages of spermatogenesis. Data expressed 

as means ±SE were significantly different from those of the control group (*P<0.05 and 

**P<0.001). 

 

 

 



 

 

 

Figure 3: Photomicrographs of testis tissue sections showing the immunolocalization of the 

nuclear androgen receptor (AR) in Nile grass rats. (a) The control group displays brown 

immunohistochemical stains localized at nuclei of Leydig, Sertoli, and peritubular cells 

(arrows). (b) The ACH-treated group exhibits a weak immunoreaction of AR. The presence of 

degenerated seminiferous tubules reduces the number of necrotic Leydig cells (arrows). (c) 

The testosterone-treated group shows a negative AR immunoreaction. The number of 

necrotic Leydig cells is reduced by degenerated seminiferous tubules (arrows). 

  

 

 

 

Figure 4: Photomicrographs of testis tissue sections showing the immunolocalization of 

Wilms’ tumor protein 1(Wt-1) in Nile grass rats. (a) The control group shows a strong and 

extensive reaction of Wt-1 nuclei in the Sertoli and peritubular cells (arrows). (b) The ACH-

treated group exhibits weak immunoreactions in the Sertoli cells and peritubular cells within 

degenerated seminiferous tubules (arrows). (c) The testosterone-treated group 

demonstrates a limited and negative immunoreaction in the Sertoli cells and peritubular cells 

within degenerated seminiferous tubules (arrows). 

 



 

 

 

 

Figure 5: Photomicrographs of epididymal tissue sections from Nile rats stained with H&E. (a 

& b) The control group demonstrates the normal histological structure of the epididymis, with 

epididymal ducts (ED) containing a normal density of spermatozoa in the ductal lumens (Sp), 

and narrow interstitial spaces (IT). (c & d) The ACH-treated group shows shrinkage in the 

epididymal ducts, the presence of cellular debris (head arrows), vacuolated epithelial cells (v), 

and epididymal ducts devoid of spermatozoa. (e & f) The testosterone-treated group shows 

epididymal ducts (ED) with a low number of spermatozoa (hypospermia), significant 

inflammation characterized by expansion of interstitial tissue and infiltration of mononuclear 

inflammatory cells (*), and congested blood vessels (BV). 

 

 

 

Figure 6: Effect of alpha-chlorohydrin and exogenous testosterone on morphometric analysis 

of the epididymis in Nile rats. a)  Epithelial height of epididymal ducts; b) Diameter of 

epididymal ducts. Data expressed as means ± SE were significantly different from those of the 

control group (*P<0.05). 



 

 

 

 

 

Figure 7: Photomicrographs of epididymis tissue sections showing the immunolocalization of 

the nuclear androgen receptor (AR) in Nile grass rats. (a) In the control group, a strong nuclear 

AR immunoreaction was observed in the epididymal ducts and intertubular spaces (arrows). 

(b) The ACH-treated group exhibited a weak AR immunoreaction in the epididymal ducts and 

intertubular spaces (arrows). (c) The testosterone-treated group displayed a weak AR 

immunoreaction in the shrinkage-cribriform shape of the epididymal ducts and intertubular 

spaces (arrows). 

 

 

 

Figure 8: Photomicrographs of epididymis tissue sections showing the immunolocalization of 

Wilms’ tumor protein 1 (Wt-1) in Nile grass rats. In the control group (a) there is a strong 

nuclear immunoreaction of Wt-1) in the epididymal ducts and intertubular spaces (arrows). 

In the ACH-treated group (b) the nuclear immunoreaction of Wt-1 is weak in both the 

epididymal ducts and intertubular spaces (arrows). In the testosterone-treated group (c) 

there is a limited nuclear immunoreaction of Wt-1 in the epididymal ducts and intertubular 

spaces (arrows). 

 

 

 



 

 

 

Table 1: Classification of Johns scores of spermatogenesis. 

Score Definition 

10 Complete spermatogenesis 

9 Presence of spermatozoa with random spermatogenesis 

8 Presence of  few spermatozoa 

7 Presence of  many spermatids  

6 Presence of few spermatids 

5 No spermatozoa or spermatids but many spermatocytes present 

4 Presence of few spermatocytes 

3  Presence of spermatogonia 

2 Presence of  Sertoli cells and no germ cells 

1 Almost empty lumens 

 

 

 

Table 2: Effect of alpha–chlorohydrin and exogenous testosterone serum on the ALAT, 

ASAT, GGT, and ALP activity in Nile rats. 

 

ALP (U/L) GGT (U/L) ASAT (U/L) ALAT (U/L)  

±5.4A148.38 ±2.25A39.29 89.42±6.59A ±6.32A85.04 Control  

160.45±10.64C 56.2±3.4C 110.7±9.0C 95.57±7.88BC ACH-treated 

184.4±13.1D 65.28±6.6 D 125.6±19.9 D 108.9±28D Testosterone-treated 

The Duncan post hoc test is used to determine if the means of the columns were significantly 

different at P<0.05 based on the one-way ANOVA. Data appears as means and standard 

errors; ACH: Alpha–chlorohydrin. ALAT: Alanine Transaminase, GGT: gamma-glutamyl 

transferase, ALP: alkaline phosphatase, and ASAT: Aspartate Transaminase.    

 

 

 



 

 

Table 3: Effect of alpha–chlorohydrin and exogenous testosterone on serum urea, 

creatinine, and uric acid in Nile rats. 

Uric acid (mg/dL) Creatinine (mg/dL) Urea (mg/dL)  

±1.15B3.7 ±0.7B1.4 ±3.13B54.26 Control 

±0.33D4.68 ±0.6D1.6 ±3.2CD61.2 ACH-treated 

±0.23 D4.86  ±0.06 D1.66  ±2.2C60.12 Testosterone-treated 

 

The Duncan post hoc test is used to determine if the means of the columns were significantly 

different at P<0.05 based on the one-way ANOVA. Data appears as means and standard 

errors; ACH: Alpha-chlorohydrin.  

 

 

  



 

 

Table 4: Effect of Alpha–chlorohydrin and exogenous testosterone on MDA, NO, GSH, SOD, 

and CAT testes in Nile rats. 

 

Testis SOD 
Testis CAT Testis 

GSH 
Testis NO Testis MDA Treatments 

±1068A10716 ±1.6A17.7 ±98A1228 ±90.3A506.4 ±1.6A7.15 Control 

7400±877BC ±1.5CD12.62 ±25D188 2019±116E 45.23±9.07DE ACH-treated 

±610 

C6345.12 

±1.09 

C15.33 

±11 C  

137.6 ±120 C2371  23.15±2.2C 

Testosterone- 

treated 

 

The Duncan post hoc test is used to determine if the means of the columns were significantly 

different at P<0.05 based on the one-way ANOVA. Data appears as means and standard 

errors; ACH: Alpha–chlorohydrin. NO, nitric oxide; MDA, malondialdehyde; GSH, reduced 

glutathione; CAT, catalase SOD, superoxide dismutase.  

 

 

Table 5: Effect of alpha–chlorohydrin and exogenous testosterone on epididymis MDA, NO, 

GSH, SOD and CAT in Nile rats. 

 

Epididymis 

SOD 

Epididymis 

CAT 

Epididymis 

GSH 

Epididymis 

NO 

Epididymis 

MDA 
Treatments 

±521A15456 ±6.02A53.2 ±638A2011 ±408A1724 ±1.03A6.61 Control  

11966±313D ±2.5D16.46 ±46D259 3955±144CD 46.88±14C ACH-treated 

±427 E7146  ±1.04 E15.83  ±24 E270.07  ±275 E3003  ±3.2E35.39 Testosterone-

treated 

The Duncan post hoc test is used to determine if the means of the columns were significantly 

different at P<0.05 based on the one-way ANOVA. Data appears as means and standard 

errors; ACH: Alpha-chlorohydrin. NO, nitric oxide; MDA, malondialdehyde, SOD, superoxide 

dismutase; GSH, reduced glutathione; CAT, catalase.  

 

 

 

 



 

 

Table 6: Effect of alpha–chlorohydrin and exogenous testosterone on serum testosterone, 

LH & FSH in Nile rats. 

FSH (mIU/ml) LH (mIU/ml) 
Testosterone 

(mIU/ml) 
Treatments 

±0.11A0.462 ±0.34A0.472 ±0.11A0.80 Control  

0.11±0.02C 0.04±0.01D 0.154±0.009C ACH-treated 

±0.009 D0.054   ±0.003 D0.018   ±0.23D1.68 Testosterone-

treated 

 

The Duncan post hoc test is used to determine if the means of the columns were significantly 

different at P<0.05 based on the one-way ANOVA. Data appear as means and standard errors; 

ACH: Alpha–chlorohydrin. FSH: follicular stimulating hormone; LH: Luteinizing hormone,  

 

 

Table 7: Effect of alpha–chlorohydrin and exogenous testosterone on serum ATPase, 

Esterase & G3PDH in Nile rats. 

G3PDH (mU/mL) 
Esterase 

(mU/mL) 
ATPase (mU/mL) Treatments 

±2.1A21.7 ±4.2A15.4 ±0.56A3.2 Control  

10.89±0.51C 5.46±0.77C 0.91±0.08BC ACH-treated 

12.82±2.2 C ±1.01 D8.13  1.06±0.13 D Testosterone-treated 

The Duncan post hoc test is used to determine if the means of the columns were significantly 

different at P<0.05 based on the one-way ANOVA. Data appears as means and standard 

errors; ACH: Alpha–chlorohydrin. ATPase: adenosine triphosphate enzyme, G3PDH: 

glyceraldehyde 3-phosphate dehydrogenase  

 

 

 

 

 

 

 



 

 

Table 8: Effect of alpha–chlorohydrin and exogenous testosterone on sperm count and 

motility in Nile rats  

Non-motile sperm (%) Motile sperm (%) 
Sperm count 

x106 /ml 
Treatments 

±6.2A37.16 ±6.2A62.8 ±12.1A154 Control  

93.6±2.5D 6.33±2.5CD 62.3±11.8D ACH-treated 

100±0.0 D 0.0±0.0 D 22.6±2.01 D 
Testosterone-

treated 

 

The Duncan post hoc test is used to determine if the means of the columns were significantly 

different at P<0.05 based on the one-way ANOVA. Data appears as means and standard 

errors; ACH: Alpha–chlorohydrin. 

 

 

Table 9: Effect of alpha–chlorohydrin and exogenous testosterone on index weight of male 

reproductive organs in Nile rats. 

Index weight of male reproductive organ weight (%)  

Seminal vesical Prostate Epididymis Testis Treatments 

±0.043A0.529 ±0.002A0.049 ±0.02A0.285 ±0.06A1.075 Control  

0.25±0.02BC 0.077±0.02BC 0.136±0.05B 0.904±0.01B ACH-treated 

0.19±0.037C 0.021±0.004D 0.136±0.082 B 0.186±0.017D 
Testosterone- 

treated 

 

The Duncan post hoc test is used to determine if the means of the columns were significantly 

different at P<0.05 based on the one-way ANOVA. Data appears as means and standard 

errors; ACH: Alpha–chlorohydrin. 

 

 

 

 

 

 



 

 

 


