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ABSTRACT 
 

Stem cell therapy is considered an important and innovative tool for 

applied research in andrology, especially in infertility; therefore, it was 

later adapted as potential therapeutic agents. This study aimed to evaluate 

rat mononuclear bone marrow cells' ability to recover testis cells in 

cyclophosphamide (CTX)-treated rats and to assess its effects on hormonal 

and histopathological changes. The bone marrow cells were harvested 

from femurs and tibias of rats and purified by a Histopaque gradient. 

Mononuclear bone marrow cells transplantation was performed by 

intravenous injection of cells in cyclophosphamide-treated animals. Three 

weeks after transplantation, blood samples were collected and analyzed for 

hormonal assay. In addition, the testes were collected for histological and 

histopathological determination. The results depicted that the serum levels 

of all tested hormones were significantly different among the three 

experimental groups G1 (control, healthy animals), G2 (CTX induced 

infertility and untreated) and G3 (CTX induced infertility and treated with 

stem cells). FSH and LH levels were significantly increased in G2 (CTX) 

compared to G1 and G3. Total and free testosterone levels were slightly 

higher in G3 compared to G2. Mononuclear bone marrow cell 

transplantation promoted cellular reorganization of the seminiferous 

epithelium. Also, spermatogenesis regeneration was improved. In 

conclusion, bone marrow stem cells can regenerate the damaged testicular 

elements and hence restore hormonal regulation in cyclophosphamide 

treated rat. Therefore, the treatment of male infertility and testosterone 

deficiency could be therapeutically treated by using stem cells.   
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INTRODUCTION 

Infertility is a significant health and social 

problem. Previous studies have reported that 

approximately 70-90% of human infertility is related to 

spermatogenesis defects (Aliakbari et al., 2016). Also, 

chemotherapy is associated with impaired 

spermatogenesis, azoospermia and male infertility 

(Drumond et al.,. 2011; Comish et al., 2014; Zhu et 

al., 2015). In recent years, more attention has been 

centralized on stem cell therapy for infertility (Peak et 

al., 2016; Kadam et al., 2017; Pourmoghadam et al., 

2018; Fazeli et al., 2018). The testicular function is 

influenced by hormones to regulate spermatogenesis 

(McLachlan et al., 2002). Testosterone directs 

spermatogenesis in males and its absence or the 

androgen receptor, spermatogenesis does not pass the 

meiosis stage (Walker, 2011). Luteinizing Hormone 

(LH) mainly functions to stimulate testosterone 

emission from the testicle's Leydig cells, while Follicle 

Stimulating Hormone (FSH) stimulates Sertoli cells to 

facilitate germ cell differentiation (Weinbauer et al., 

2010& O'Shaughnessy, 2014). 

   

Cyclophosphamide (CTX) is an anticancer 

drug with mutagenic and cytotoxic effects mainly used 

in males because it causes testes castration as 

azoospermia and seminiferous tubular atrophy (Emadi 

et al., 2009; Drumond et al.., 2011; Comish et al., 

2014). Cyclophosphamide affects the spermatogenesis 

process via direct damage of DNA and RNA as well as 

the induction of apoptosis, in addition, disrupting 

https://javs.journals.ekb.eg/
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protein expression of Sertoli cells (Drumond et al., 

2011; Bakhtiary et al., 2014; Aliakbari et al., 2016; 

Cao et al., 2017). Cyclophosphamide increases FSH 

and LH hormone levels compared to standard levels 

(Babu et al., 2004) and decreases testosterone hormone 

levels (Zhu et al., 2015). 
   

             Stem cells are biological and undifferentiated 

cells with the ability to proliferate and differentiate into 

specialized cells found in multicellular organisms and 

mammals (Spradling et al., 2001).  Stem cells have the 

potentiality to self-renew and develop into many 

different types of cells in the body. They serve as a 

repair system for the body (Kørbling and Estrov, 

2003). Bone marrow is a well-accepted source of 

various adult stem cells such as hematopoietic stem 

cells (HSCs), mesenchymal stem cells (MSCs) and 

multipotential adult progenitor cells (Nayernia et al., 

2006; Drusenheimer et al., 2007 and Hwang et al., 

2009).  
 

             Previous studies have found that human bone 

marrow cells can differentiate to putative male germ 

cells, Sertoli cells and Leydig cells (Nayernia et al., 

2006; Yazawa et al., 2006; Drusenheimer et al., 

2007; Lue et al., 2007; Hou et al., 2016). Furthermore, 

the Researcher identified bone marrow as a potential 

source of male germ cells that could sustain sperm 

production and regenerate spermatogenesis (Cakici et 

al., 2013; Monsefi et al., 2013; Zhang et al., 2014).   

 

             Testis harbors two stem cell types, the 

multipotent mesenchymal stem cells and the unipotent 

spermatogonial stem cells (SSCs) (Ebata et al., 2008). 

In vivo, SSCs involve in regeneration and maintenance 

of spermatogenesis (Ebata et al., 2011; Cakici et al., 

.2013). Promising studies have shown that stem cells 

positively affect the reconstruction of testicular 

germinal epithelium in infertile male animals and 

restore fertility. Stem cells might have functioned in 

the reestablishment of spermatogenesis by two ways: 

maintaining the preexisting spermatogonial stem cells 

(SSCs) or by transdifferentiation into SSC-like cells to 

form spermatocytes (Cakici et al., 2013; Monsefi et 

al.,. 2013; Zhang et al., 2014; Tamadon et al., 2015; 

Ghasemzadeh-Hasankolaei et al., 2016). 

 

             This work's initial hypothesis is about 

mononuclear stem cells' ability derived from bone 

marrow to restore the spermatogenesis at the 

degenerated testes. Considering that, we propose 

evaluating the ability of mononuclear bone marrow 

cells (containing hematopoietic and mesenchymal stem 

cells) to promote testicular functions in 

cyclophosphamide-treated rats and evaluated by 

hormonal assay and histopathology.                                          
 

 

MATERIAL AND METHODS 
 

1- Experimental Animal Model 

             Forty adult male Wistar (Rattus norvegicus 

Albinus) rats age ranged 7-8 weeks old, weighing (135-

150g), purchased from  Holding Company for 

Biological Products and Vaccines (Vacsera), Helwan, 

Egypt.   Rats were housed at the animal house of the 

Animal Production Department, Faculty of Agriculture, 

Al-Azhar University, Cairo, Egypt in steel mesh cage 

(5 rats/cage) and maintained for two weeks 

acclimatization period on standard commercial diet and 

tap water in the animal house and subjected to a 12:12 

h daylight/darkness and allowed unlimited access to 

chow and water at summer season. All ethical 

protocols for animal treatment were followed and 

supervised according to standard protocols (NIH 

Publication No. 85-23, revised 1996).   

             Animals were divided randomly into four 

groups (10 rats each). Group1,  control (healthy 

animals), group 2 including rats induced with testis 

damage untreated,  injected with cyclophosphamide 

(CTX),  group 3 including Rats induce by testis failure 

using CTX treated with stem cells and group 4 for bone 

marrow MSCs donation. Cyclophosphamide (CTX) 

was injected intraperitoneally (IP) at the level of a 

loading dose (50 mg/kg) for one day and rotating dose 

8 mg/kg body weight into two weeks by Endoxan 1g 

(Baxter Co.), which was dissolved in PBS (Freireich 

et al., 1986; Neosar, 2013).          
 

2 - Obtaining Rat Bone Marrow `Stem Cells 

2.1- Isolation and Purification of Mononuclear Bone 

Marrow Cells 
  

             According to Snykers et al. (2006), the rats 

were sacrificed after anesthesia with diethyl ether 

(Sigma-Aldrich Co. LLC). Then, the femur and tibia 

were separated. The bone marrow cells were harvested 

from femurs and tibias of rats and purified by 

Histopaque-1077 gradient (Sigma Aldrich) (Snykers et 

al., 2006). The viable (white) and dead (blue) cells 

were counted in the hemocytometer under a light 

microscope. Only cell suspensions with a 90% viability 

or greater were used (Bazhanov et al., 2016). 
    

2.2- Stem cell transplantation  

      Immediately after the last injection of CTX, the rats 

in (G3) were injected daily for three days with stem 

cells (SCs) at a dose (BMSCs, 5x10
6
 cells/40µl) 

dissolved in a 40-µL volume of PBS.  On the first day, 

the rats were injected Intravenously (G3) in the tail's 

vein with one dose of SCs. Then, the rats were injected 

with two doses of SCs intravenously and 

intraperitoneally on the second day. Finally, on the 

third day, the rats injected with two doses of SCs 

intravenously and subcutaneously (Meyerrose et al., 

2007; Wilson et al., 2010; Eliopoulos et al., 2010; 

Yousefi et al., 2013). 
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3. Hormonal Assessment  

              After three weeks of the last injection with 

CTX, all rats were sacrificed by anesthesia with diethyl 

ether. The blood was collected before euthanasia from 

the caudal vein and eyes by capillary tubes from all rat 

groups. Serum was separated and stored at – 08
o
C for 

enzyme immunoassays of FSH, LH, Testosterone total 

and testosterone free by Enzyme-Linked 

Immunosorbent Assay (ELISA). FSH was determined 

by Rat Follicle-Stimulating Hormone (FSH) ELISA 

Kit (SinoGene Clone Biotech Co.Ltd; Hangzhou, 

China, Catalogue Number: SG-20702). LH was 

determined by Rat luteotropic hormone (LH) ELISA 

kit (SinoGene Clone Biotech Co.Ltd; Hangzhou, 

China, Catalog No. SG-20701). Serum Concentrations 

of testosterone were measured using ELISA as 

described in the manufacturer's kit (DBC, Dignostic 

Biochem Canada Inc., Ontario, Canada; Catalog No. 

CAN-TE-250). According to (DBC, Diagnostic 

Biochem Canada Inc., Ontario, Canada; Catalog No. 

CAN-FTE-260), free testosterone ELISA was 

determined. 
             

4. Histological and Immunohistochemistry (IHC) 

examination 

            Histological examination was performed 

according to Suvarna et al.., (2013) using 

Hematoxylin and Eosin (H&E) staining.  Further 

sections on positively charged coated slides were used 

for IHC technique using Abs marking the integrity 

state of testes component as following: First, Androgen 

Receptor Monoclonal Antibody (AR 441), from 

(Invitrogen, Thermo Fisher Scientifics, USA, Catalog # 

MA5-13426). Second, Transforming growth factor-

beta receptor III (TGF-βR3), Polyclonal Antibody 

purchased from (Invitrogen, Thermo Fisher Scientifics, 

USA, Catalog # PA5-17529). The third is the Connexin 

43 Monoclonal Antibody (CX-1B1) from (Invitrogen, 

Thermo Fisher Scientifics, USA, Catalog # 13-8300).    
 

5. Statistical Analysis 
    

   All statistical analyses were conducted using one-

way ANOVA with    Dunnett's post-test using IBM 

SPSS statistics 20 software.   
 

RESULTS 
 

1. Hormonal assay  
 

               The serum levels of tested hormones were all 

significantly different among these three groups G1 

(control), G2 (CTX induced infertility and untreated) 

and G3 (CTX induced infertility and treated with stem 

cells) (Table 1). FSH and LH levels were significantly 

increased in G2 (CTX) comparing with G1 and G3. 

While decreased in G3 compared with G2. 

Testosterone (total and free) levels were high 

significantly in G1 comparing with G2 and G3.  

 

Table 1: Effect of cyclophosphamide and stem cells on 

serum concentration of FSH, LH and Testosterone 

(total and free) hormones of adult male rats   

 

Free 

testosterone 

(pg/ml) 

Total 

testosterone  

(ng/ml) 

LH 

(ng/L) 

FSH 

(ng/L) 

Group  

 

Hormones 

6.64
 

± 

1.45
a
 

26.29
 

± 

4.80
a
 

7.44 

± 

0.09
 b
 

2.35 

± 

0.24
 b
 

G1 

(Control) 

1.32
 

± 

0 .21
 b
 

6.48 

± 

1.71
 b
 

15.69 

  ±  

0.29
a
 

3.13 

± 

0.30
a
 

G2 (CTX) 

1.69 

± 

0.30
 b
 

7.56 

± 

1.95
 b
 

5.06 

± 

0.05
c
 

2.25 

± 

0.23
 b
 

G3 (CTX 

& Stem 

cell) 

0.0003 0.0002 0.0001 0.0553 P-Value 

a-c: Means with the different superscripts in the same 

column differ significantly (p˂0.05). Sig: significant. * :( 

P˂0.05) *** :( P˂0.01) 

FSH: Follicle Stimulating Hormone & LH: Luteinizing 

Hormone   
 

2. Testicular Histological Observation   
 

              The control G1 sections showed a normal 

seminiferous tubule. G2 histology showed effects of 

cyclophosphamide on the rat testis in the form of 

abnormal seminiferous tubules with a little quantity of 

germinal cells that showed a significant decrease in 

primary and secondary spermatocytes addition to 

spermatid and spermatozoa germinal cells.  G3 showed 

the histological effects of stem cells on the rat testis in 

the form of a significant increase in primary and 

secondary spermatocytes and spermatid and 

spermatozoa germinal cells in the G3 group compared 

with G2. It quite resembled the G1 group (Fig.1). 
 

3.   Testicular Immunohistochemistry Observation 

 3.1.  Androgen receptors (AR)  Marker   

              Androgen receptor expression revealed 

marked reactivity to AR - Ab in Sertoli cells of control 

normal group (A), while complete absence of Sertoli 

cells reactivity to AR- Ab in damaged group (B). In 

addition, re-expression and reactivity to AR were 

detected in the treated group (C), (Fig.2).    
 

3.2.  Transforming growth factor-beta receptor 3 

(TGF-βR3) Marker 
 

            TGF-β revealed reactivity to TGF-β - Ab in 

Sertoli cells of the normal control group and complete 

absence of Sertoli cells reactivity to TGF-β- Ab in the 

damaged group. In contrast, marked re-expression and 

reactivity to TGF-β were detected in the treated group 

(Fig. 3).  
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Fig. 1: Normal male testis (G1) control. Rat testis under the effect of cyclophosphamide 

(G2). Testis under the effect of stem cells (G3). (200x (H&E stain) 
 

 

 

 

 

 

 

 

 

 
Fig. 2: (A) marked reactivity to AR - Ab in sertoli cells of control normal group. (B) 

Complete absence of sertoli cells reactivity to AR- Ab in damaged group. (C) re –expression 

and reactivity to AR treated group .   (IHC/ AR- Ab X 400) 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: (A) reactivity to TGF-β - Ab in sertoli cells of control normal group. (B) Complete 

absence of sertoli cells reactivity to TGF-β- Ab in damaged group. (C) marked re –expression 

and reactivity to TGF-β in treated group (C).  (IHC/ TGF-β- Ab X 400) 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: (A) reactivity to CX43 Ab in some spermatogenic cells and some areas on 

seminiferous tubule walls in control normal group. (B) Complete absence of reactivity to 

Cx43 Ab in damaged group. (C) Re –expression and reactivity to Cx43 in treated group. 

(IHC/ Cx43 - Ab X 400) 
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3.3.  Connexin 43  (CX43) Marker  
 

              Cx43 expression revealed reactivity to CX43 

Ab in some spermatogenic cells and some areas on 

seminiferous tubule walls in the normal control group.  

A complete absence of reactivity to Cx43 Ab had been 

detected in the damaged group, while re-expression and 

reactivity to Cx43 were demonstrated in the treated 

group (Fig.4). 

 

DISCUSSION 
 

In this study, we were interested in male 

infertility therapy with stem cells from bone marrow in 

cyclophosphamide-induced in rats and evaluated by 

hormonal assay and histopathology. This study 

demonstrates that CTX adversely affected the 

hormonal levels associated with male spermatogenesis 

and induced histopathological alterations in the rat's 

testes. Stem cell repair system for the injured or 

damaged cells could be done through the following 

possibilities; first, researchers found that using specific 

induction condition, stem cells could differentiate into 

the target function cells; Second, stem cells 

transplantation is supporting other endogenous stem 

cells by secreting trophic factors to restore the injured 

host cell function. Third, stem cells fused or merged 

with the resident cells to recover the injured cell 

function (Kørbling and Estrov, 2003; Gnecchi and 

Melo, 2009; Song et al., 2011; Gou et al., 2012; 

Leatherman, 2013; Fazeli et al., 2018).  

 

              Regarding hormonal assays in our three study 

groups, increasing FSH and LH levels and decreasing 

the mean testosterone levels in G2 may be due to CTX. 

CTX is associated with oligozoospermia and 

azoospermia, increasing the level of FSH hormone 

compared by standard level in male rats (Howell et al., 

1999). A higher concentration of FSH and LH are 

considered to be a reliable indicator of germinal 

epithelial damage, disruption of testicular function and 

associated with azoospermia and severe 

oligozoospermia (Zabul et al., 1994; Weinbaurer and 

Nieschlag, 1995; Subhan et al., 1995; Babu et al., 

2004; Zahkook et al., 2014). Furthermore, a decrease 

in the mean testosterone levels of cyclophosphamide 

treated mice served as proof for the damage of testis, 

and the inhibition of the spermatogenesis process 

(Elangovan et al., 2006) Also,  increase in the 

apoptotic rate in the testis (Zhu et al., 2015). 

 

              Furthermore, decreasing of FSH and LH levels 

and slight increasing of testosterone in G3 may be due 

to treated with stem cells suggesting that SCs 

transplantation had a major impact in the restoration of 

normal structure and function of seminiferous tubule 

structure due to regeneration of somatic cellular 

component of the testis that respond to those hormones 

and secrete testosterone which in turn inhibits the 

secretion of FSH and LH and helps spermatogenesis 

and restore testicular function by improving 

seminiferous tubules and the hormonal profile (Peak et 

al., 2016; Kadam et al., 2017; Pourmoghadam et al., 

2018; Fazeli et al., 2018). 

     

              Regarding immunohistochemistry results, 

androgens are sexual hormones that had a critical role 

in normal reproductive organ development and 

functions (O'Hara and Smith, 2015). Androgen 

regulation of spermatogenesis is dependent upon action 

on the Sertoli cells (O'Shaughnessy, 2014). The 

impact of lacking AR in Sertoli cells mainly affects 

Sertoli cell functions to support and nurture germ cells, 

leading to spermatogenesis arrest at the diplotene 

primary spermatocyte stage prior to the first meiotic 

accomplishment division (Wang et al., 2009) that is 

matching our histopathological and immune-

histochemistry results. In vivo evidence of the need for 

functional AR in Sertoli cells to maintain normal 

testosterone production and ensure normal male 

fertility (Chang, et al., 2004) explain our hormonal 

results in harmony with histological findings. 

Androgen/AR signaling in Sertoli cells plays an 

important role in spermatogenesis and Leydig cells 

play an autocrine regulatory role to modulate Leydig 

cell steroidogenic function (Tsai, et al., 2006).  

  

              TGF-βR3 is an accessory receptor that binds 

to and modulates the activities of both transforming 

growth factor-beta (TGFbeta) and inhibin, two 

members of the TGFbeta superfamily of growth factors 

that regulate many aspects of reproductive biology with 

differential expression pattern, suggests divergent roles 

for this TGF-βR3  in developing testis (Sarraj, et al., 

2007). TGF-βR3 is one of TGFβ signaling had a 

reflection in male genital abnormality (testicular 

dysgenesis) (Barthold, et al., 2015).  It is required for 

normal cord formation, normal fetal Leydig cell 

development, and the establishment of 

fetal testis endocrine function (Sarraj, et al., 2010). 

Our investigation refers to partial restoration of  TGF-

βR3  in the testis of stem cell treated group which 

matching the hormonal analysis and detected 

previously by Goddard, et al,. (2000), who indicated 

to controlled effect on the steroidogenic activity of 

testicular Leydig cells by the pituitary hormone (LH) 

and by growth factors such as transforming growth 

factor-beta peptides.  

 

Connexin 43 is a component of gap junctions, 

which allow for gap junction intercellular 

communication (GJIC) between cells to regulate cell 

death, proliferation, and differentiation (Cheng, et al., 

2015) and in cases of impaired spermato-

genesis, Cx43 expression has been shown to be altered 
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in several mammals (Hollenbach, et al., 2018). The 

gap junction protein connexin43 (CX43) plays a vital 

role in mammalian spermatogenesis by allowing for 

direct cytoplasmic communication between 

neighbouring testicular cells. Different publications 

suggest that CX43 in Sertoli cells (SC) might be 

necessary for the blood-testis barrier (Gerber, et al., 

2016).  CX43 is essential for the cessation of 

proliferation and normal maturation in Sertoli cells. 

Also, CX43 in Sertoli cells is required for 

spermatogenesis (Sridharan, et al., 2007).      

 

  CONCLUSIONS 
      

Finally, stem cells could protect the testis from 

damages caused by CTX and promote or protect the 

spermatogenesis from the present results. More studies 

are required in gametogenesis mechanisms, especially 

germ cell differentiation mechanisms, which would 

help design and establish a standard in vitro system for 

the production of germ cells from stem cells to treat 

male infertility. Further studies are needed in assessing 

the safety of stem cells transplantation in fertility 

recovery. 
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