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SUMMARY 
 
Hepatitis C is a widely distributed problem all 

over the world, especially Egypt. Chronically infect-
ed people develop serious liver disease and now it 
is the most common cause for liver transplantation. 
Recently, a new regimen, sofosbuvir (sovaldi), 
alone or with combinations as sovaldi-ribavirin, 
was approved for treating this disease. There are 
limited studies that explore the effects of these 
drugs on the reproductive organs, and hence af-
fection of male fertility while using these drugs. 
This study aims to throw more light on whether 
sovaldi or sovaldi-ribavirin causes testicular dam-
aging effects in the adult male albino rats. We in-
vestigated the effect of this regimen in a dose 
equivalent to that used in the human (41 mg/kg 
once daily orally for sovaldi and 41 mg/kg twice 
daily orally for ribavirin) for consecutive 5 and 10 
days. There was highly significant decrease in tes-
tosterone hormone level and marked degenerative 
changes in the seminiferous tubules and the testic-
ular interstitium, with increase in collagen deposits 
in sovaldi treated rats, and in a more extensive 
manner in sovaldi-ribavirin treated rats. There was 
a significant increase of deoxyribonucleic acid 
(DNA) fragmentation in the treated groups after 10 
days. However, there was a non-significant differ-

ence in DNA fragmentation in the treated groups 
after 5 days when compared with control. Immuno-
histochemistry detection of caspase-3 showed sig-
nificant increase in its expression in the treated 
groups after either 5 or 10 days. This denoted the 
specificity of caspase-3 immunohistochemistry 
technique in the detection of early apoptotic 
changes. It was concluded that sovaldi and soval- 

di-ribavirin induced gonadotoxic effects through 
induction of DNA fragmentation via upregulation of 
caspase-3, and that the resulting damaging effects 
increased with longer duration of drug intake. 

 
Key words: Hepatitis C – Sovaldi – Sovaldi-
ribavirin – Testis – Apoptosis  

 
INTRODUCTION 
 

One of the most prevalent leading causes of mor-
bidity and even mortality all over the world is hepa-
titis C virus (HCV) with the highest prevalence in 
Egypt (Gomaa et al., 2017). Until now, there is no 
vaccine for HCV infection in spite of the existence 
of several routes of transmission (Reker and Islam, 
2014). 

 
Egypt, the single country with highest incidence 

of HCV infection in the world, has embarked on a 
government-sponsored mass treatment program 
using several combinations of directly acting antivi-
ral drugs (DAAs) (El-Fishawy et al., 2016). 
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Integration of pegylated interferon (PEGIFN) and 
ribavirin was prescribed by the standard care for 
chronic HCV infection between 2001 and 2011. In 
May 2011, two first-generation NS3/4A protease 
inhibitors, boceprevir, and telaprevir were ap-
proved in combination with PEG-IFN and ribavirin. 
In December 2013, a second-generation NS3/4A 
protease inhibitor, simeprevir was approved for 
use with PEG-IFN and/or ribavirin. One of the most 
used combinations is sovaldi-ribavirin (Yau and 
Yoshida, 2014). 

Until recently, HCV infections were treated with 
two antiviral drugs that had to be taken for almost 
a year and produced serious side effects, and 
these treatments were successful only in a small 
fraction of people. In 2013, a new drug, sovaldi, 
was approved for treating HCV and is of special 
interest. This drug cures more than 90% of pa-
tients and is effective against several of the most 
common strains of HCV (Golanty and Edlin, 2015), 
with the chemical name L-Alanine, N-[[P(S),2′R]-2′-
deoxy-2′-fluoro-2′-methyl-P-phenyl-5′-uridylyl]-, 1-
methyl ethyl ester and a molecular formula of 
C22H29FN3O9P (Bhatia et al., 2014). NS5B is 
one of the non-structural proteins essential for viral 
ribonucleic acid (RNA) replication, and has been 
found to be a valuable target for DAAs (Lam et al., 
2012). Sovaldi is a nucleotide analog that is a 
highly potent inhibitor of the NS5B polymerase in 
HCV. This drug has shown high efficacy in combi-
nation with several other drugs with and without 
PEG- INF, against HCV (Bhatia et al., 2014). 

Sovaldi is a promising therapy for chronic HCV 
infection, as it offers several advantages over the 
existing therapies, particularly in dealing with pa-
tients with decompensated liver disease and pa-
tients who cannot tolerate interferon-containing 
therapies. On account of its excellent performance 
in clinical trials, this drug has got food drug admin-
istration (FDA) approval on 6 December, 2013, 
under the breakthrough therapy designation. This 
drug is effective against all HCV genotypes, has a 
better safety profile and low risk of development of 
resistance; however, careful clinical use and moni-
toring are still essential to gather more data on this 
drug (Bhatia et al., 2014). 

Ribavirin is a non-selective, antihepatitis, antiviral 
drug. It was synthesized in 1970. The broad spec-
trum antiviral activity was reported in 1972 (Sidwell 
et al., 1972). In the early 1990s, ribavirin was stud-
ied for the treatment of HCV infection. Ribavirin 
had no significant effect on HCV RNA levels when 
used as a single agent, despite observations of 
improvements in serum aminotransferase levels 
(Di Bisceglie et al., 1995) and liver histology 
(Hoofnagle et al., 2003). Prolonging the course of 
treatment did not add any benefit in terms of virolo-
gy clearance (Hoofnagle et al., 1996). Therefore, 
ribavirin has been used for the treatment of chronic 
HCV infection only in combination (Te et al., 2007). 

Following the success of sovaldi or sovaldi-

ribavirin regimen, further research is needed to 
clarify the optimal follow-up duration post-
treatment and to evaluate the side effects of these 
drugs on different organs. Therefore, the testis 
was chosen in this study. Zhang et al. (2011) pos-
tulated that reproductive system is very sensitive 
to toxic chemicals because of the high multiplica-
tion rate of germ cells. On the other hand, the 
transmissible genetic damage from one generation 
to another takes place in this system only as re-
ported by Au and Hsu (1980). Moreover, El-Atrebi 
et al. (2011) postulated that sexual dysfunction is a 
common side effect of Peg-IFN and ribavirin treat-
ment, especially in middle-aged men in addition to 
advanced liver fibrosis that is an important co-
factor in inducing sexual dysfunction during treat-
ment.  

The aim of this study was to evaluate the damag-
ing effects of sovaldi and sovaldi- ribavirin at differ-
ent durations on testicular tissue of adult male rats 
based on biochemical, histological, immunohisto-
chemical and genetic assessments. 

 
MATERIALS AND METHODS 
 
Animals 

Sixty adult male albino rats weighing 150-180 g 
were maintained in the animal house of the Faculty 
of Medicine, Menoufia University, Egypt. The rats 
were caged in standardized room conditions and 
allowed unlimited access to chow and water. The 
experiment started after one week of caging. All 
procedures involving the use of the rats were ap-
proved by the Animal Care and Use Committee, 
Faculty of Medicine, Menoufia University, Egypt. 

 
Drugs 

Sovaldi (Sofosbuvir, a product of Merck Compa-
ny of pharmaceutical industries) was available in 
the form of tablets. Each tablet contained 400 mg 
of Sofosbuvir. They were crushed. The calculated 
dose was dissolved in distilled water. 

Ribavirin (a product of Minapharm, Egypt) was 
available in the form of capsule. Each one con-
tained 200 mg ribavirin. The contents of the cap-
sule of the required dose were dissolved in distilled 
water. 

Based on the clinical standard dose used for the 
human, animal equivalent dose (AED) calculation 
based on body surface area according to data 
adapted and modified from FDA draft guidelines 
was calculated. So, doses used in this study were 
calculated by using the following formula: - Rat 
Equivalent Dose (mg/kg) = Human does (mg/kg) × 
6.2 (Nair and Jacop, 2016). 

The clinical standard effective human dose for 
sovaldi is 400 mg once daily (Bhatia et al., 2014) 
and that for ribavirin is 800 mg/day divided into two 
equal doses (Jen et al., 2002) assuming the aver-
age human body weight 60Kg. So, the doses used 
in this study, 41 mg/kg once daily for sovaldi and 
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41 mg/kg twice daily for ribavirin, were approxi-
mately equivalent to the doses used in human. 
Experimental design 

The rats were divided into three groups (n=20 
per group): 

- Group I (control group): subdivided into two 
subgroups, (n= 10 per subgroup):- 

Subgroup Ia: Ten rats received only standard 
diet and water for consecutive 5 days.  

Subgroup Ib: Ten rats received only standard 
diet and water for consecutive 10 days.  

- Group II (Sovaldi treated group): subdivided 
into two subgroups, (n= 10 per subgroup):- 

Subgroup IIa:- Rats received sovaldi orally by 
gastric tube in a dose of 41 mg/kg dissolved in 2 
ml distilled water once daily (equivalent to the clini-
cal standard human dose 400 mg once daily) for 5 
consecutive days. 

Subgroup IIb:- Rats received sovaldi in the same 
previous dose and route of administration for 10 
consecutive days. 

- Group III (Sovaldi-Ribavirin treated group): sub-
divided into two subgroups, (n= 10 per subgroup):- 

Subgroup IIIa:- Rats received sovaldi in the same 
previous dose and route of administration plus rib-
avirin orally by gastric tube in a dose of 41 mg/kg 
dissolved in 2 ml distilled water twice daily 
(approximately equivalent to the clinical standard 
human dose 400 mg twice/day) for 5 consecutive 
days. 

Subgroup IIIb:- Rats received sovaldi and ribavi-
rin in the same previous dose and route of admin-
istration for 10 consecutive days. 

At the end of the experiment, the rats were anes-
thetized, intra-cardiac blood samples were collect-
ed, and the testes were dissected for further pro-
cessing and examinations. 

 
Biochemical analysis 

Serum was obtained by centrifugation of blood 
samples. The concentration of testosterone hor-
mone in blood was measured. Quantitative data 
were expressed in the form of mean ± standard 
deviation (x̄ ± SD) and analyzed. 

 
Molecular study 

Fresh testicular tissues were subjected to molec-
ular biological study as follows: Agarose gel tech-
nique for detection of DNA fragmentation as a re-
sult of apoptosis in testis. 

 
Total genomic DNA extraction 

Nucleic acid extraction was done according to 
the extraction method of Aljanabi and Martinez 
(1997), with some modifications introduced by El-
Garawani and Hassab El-Nabi (2016), in which the 
direct staining of DNA sample was done. Apoptotic 
bands of DNA fragmentation appeared and locat-
ed at 180 bp and its multiples 360, 540 and 720 bp 
against thirteen bands of 100 bp plus DNA ladder 

(Thermo Scientific™ O'Gene Ruler™, USA). The 
intensity of released DNA fragments was meas-
ured by image J software, as a mean of optical 
density values. 

 
Histological, histochemical and immunohisto-
chemical assessments 

Testes were fixed in 10% neutral buffered formol 
solution for 24h and embedded in paraffin wax. For 
histological examination, 5-μm sections were de-
paraffinized and rehydrated using a graded et-
hanol (100%, 90%, and 70%) series and stained 
with hematoxylin and eosin (Hx&E) and Masson 
trichrome stain to show collagen fibers (Stevens 
and Wilson, 1996). 

For caspase-3 immunohistochemistry, deparaffi-
nized and hydrated testis sections were treated in 
3% H2O2 for 5 min and rinsed with phosphate buf-
fer saline (PBS) for 15 min. The sections were blo-
cked with 1.5% normal goat serum in PBS and 
then incubated (45 min, room temperature) with 
rabbit polyclonal antihuman caspase-3 (0.5 μg/ml) 
in 1.5% normal goat serum in PBS. The sections 
then were incubated with biotin-conjugated goat 
antirabbit IgG (1:200, 1 h, room temperature), avi-
din-biotin-peroxidase complex (Santa Cruz Bio-
technology, Inc., rabbit peroxidase kit; 1 h) and 
DAB solution. Sections were counterstained with 
hematoxylin. Positive reaction was visualized as 
brown coloration. Negative controls were done 
using the same steps, except that phosphate buf-
fered saline was applied instead of the primary 
antibodies (Jackson et al., 2008).  

 
Morphometrical study 

The percentage surface area of collagen depo-
sits and percentage of caspase-3 immunoreactive 
cells were measured. Measurement was done 
using an image analyzer (Image J program). From 
each slide of experimental groups, 9 fields were 
randomly selected. 

The total field and histochemical stained areas 
were calculated and the percentage of caspase-3 
immunoreactivity was calculated as follows: % im-
munoreactive stained cells = caspase-3 stained 
cell count/Total cell count × 100. 

 
Statistical analysis 

The data were collected, tabulated, and analyzed 
by SPSS (statistical package for social science) 
version 17.0 on IBM compatible computer (SPSS 
Inc., Chicago, IL, USA).  The collected data were 
quantitative, which were described as mean ±SD 
and range; the data were compared using Mann 
Whitney U test. A P value of ≤ 0.05 was conside-
red statistically significant. A P value of < 0.001 
was considered statistically highly significant and P 
value > 0.05 was considered non-significant. This 
was done in the Public Health Department, Faculty 
of Medicine, Menoufia University, Egypt. 
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RESULTS 
 
Endocrine disruptor effect of sovaldi and so-
valdi-ribavirin in the rat testosterone hormone 
level 

Analysis of testosterone hormone showed a non-
significant difference (P˃0.05) between the control 
subgroups after 5 & 10 days, while there was a 
significant decrease (P≤0.05) in its level in sovaldi 
and sovaldi-ribavirin treated rats after 5 and 10 
days when compared with the corresponding con-
trol subgroups. Moreover, a significant decrease 
(P≤0.05) in testosterone hormone was observed in 
rats treated with sovaldi-ribavirin when compared 
with that treated with sovaldi only. In addition, the-
re was a significant difference (P≤0.05) between 
the rats sacrificed after 5 days and that sacrificed 
after 10 days in the treated groups. (Table 1) 

 
Total genomic DNA fragmentation and apopto-
sis effect of sovaldi and sovaldi-ribavirin 

treated rats 
Optical density values of fragmented DNA ex-

tracted from testes of sovaldi treated rats and so-
valdi-ribavirin treated rats after five days 
(10.9±2.29 and11±1.73) showed normal appearan-
ce of intact DNA that was non-significant (P˃0.05) 
when compared with control (9.2±1.6). While the 
optical density values of fragmented DNA ex-
tracted from testes of sovaldi-treated rats and so-
valdi-ribavirin treated rats after ten days 
(101.3±8.08 and 106.7±13.32 respectively) 
showed significant increase (P≤0.05) of DNA frag-
mentation appeared as smear pattern when com-
pared with control (9.2±1.6) (Fig. 1 a,b). 

 
Histopathological testicular changes of sovaldi 
and sovaldi-ribavirin-treated rats 

- Hematoxylin and Eosin stain: 
The testes of the control group either sacrificed 5 

or 10 days after the beginning of the experiment 

Fig 1. (a): Digital photograph of DNA electrophoresis of rat testis tissue showing the effect of sovaldi and sovaldi-
ribavirin treated subgroups. Where C: control; S: sovaldi; S+R:sovaldi-ribavirin. 5d: after five days; 10d: after ten days 
and M: DNA marker. (b): Total released DNA fragmentation in testis tissues of rats treated with sovaldi and sovaldi-
ribavirin. C: control; S: sovaldi; S+R:sovaldi-ribavirin. 5d: after five days; 10d: after ten days. Data were presented as 
Mean± S.D., (n=6). Sovaldi and sovaldi-ribavirin treated rats after ten days showed significant increase of DNA frag-
mentation (P≤0.05) and after five days showed non-significant (P˃0.05) with respect to control. 

Subgroups The studied groups Test P value 

  Group I Group II Group III U test   

Testosterone (ng/dl) in Subgroup (a) [n=5] 
Mean±SD 
Range 

1.93±0.39 
1.4 – 2.45 

1.37±0.37 
1.05 – 2.0 

 0.92±0.24 
0.65 – 1.3 

1.99 
2.61 
2.01 

0.04711 
0.00922 
0.04533 

Testosterone (ng/dl) in Subgroup (b)  [n=5] 
Mean± SD 
Range 

1.46±0.36 
1 – 1.9 

0.77±0.33 
0.35 – 1.1 

0.32±0.08 
0.2 – 0.40 

2.41 
2.64 
2.21 

0.01611 
0.00822 
0.02733 

U test 1.68 2.42 2.63     

P value 0.0944 0.0244 0.00944     

Table 1. Comparison between the studied groups regarding testosterone level 

Subgroup (a): measurement after 5 days 

Subgroup (b): measurement after 10 days 

U test = Mann Whitney U test 

1 = comparing group I with group II 

2 = comparing group I with group III 

3 = comparing group II with group III 

4 = comparing subgroup a and subgroup b in each group  
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revealed normal testicular structure. The seminife-
rous tubules appeared uniform lined by regularly 
arranged spermatogenic cells at different stages of 
maturation. They were separated by interstitial 
tissue. The interstitial cells of Leydig appeared 
rounded or polygonal in shape, with acidophilic 
cytoplasm and large rounded nuclei. The shown 

spermatogenic cells were spermatogonia, primary 
spermatocytes, and spermatozoa filling the lumen 
of the tubules (Fig. 2). 

Sovaldi treated group either sacrificed after 5 or 
10 days showed distortion of the seminiferous tu-
bules, especially in the rats sacrificed at the 10th  
day. The separation of spermatogenic cells from 

Fig 2. Representative micrographs of a testicular section of a control rat showing seminiferous tubules lined by sper-
matogonia (red arrow), primary spermatocytes (star) within the seminiferous tubules, and the tails of spermatozoa (S) 
are observed in the center of the seminiferous tubule. A few Leydig cells with an acidophilic cytoplasm (yellow arrow) 
are scattered between the seminiferous tubules (hematoxylin-eosin, 20x).  

Subgroups The studied groups Test P value 

  Group I Group II Group III U test   

%surface area of collagen deposition in Subgroup (a) 
Mean± SD 
Range 

6.44±1.63 
4.5 – 8.4 

12.26±3.09 
9.3 – 17 

19.16±2.51 
16.2 – 22.9 

2.61 
2.61 
2.40 

0.0091 
0.0092 
0.0163 

%surface area of collagen deposition in Subgroup (b) 
Mean± SD 
Range 

7.28±1.55 
5.6 – 9 

18.3±2.07 
15.6 – 21.3 

24.12±3.16 
20.8 – 27.9 

2.61 
2.61 
2.40 

0.0091 
0.0092 
0.0163 

U test 0.94 2.40 2.19     

P value 0.354 0.0164 0.0284     

Table 2. Comparison between the studied groups regarding % of surface area of collagen deposition.  

Subgroup (a): measurement after 5 days 

Subgroup (b): measurement after 10 days 

U test = Mann Whitney U test 

1 = comparing group I with group II 

2 = comparing group I with group III 

3 = comparing group II with group III 

4 = comparing subgroup a and subgroup b in each group 
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their underlying basement membrane was obser-
ved in most of seminiferous tubules. Moreover, 
there were marked cytoplasmic vacuolations of the 
spermatogenic cells and atrophy of Leydig cells 
(Fig. 3). 

The histological changes that were seen in the 

testicular sections of the rats treated with both so-
valdi and ribavirin were nearly similar to that occu-
rred in sovaldi treated group, but in an extensive 
manner. There was a marked distortion of the tes-
ticular seminiferous tubules with presence of con-
gested dilated blood vessels in the testicular in-

Fig 3. Representative micrographs of a testicular section of a sovaldi treated rat showing distortion of some seminifer-
ous tubules with disorganization of the spermatogenic cells (double black arrows), cytoplasmic vacuolation (green ar-
row) of the spermatogenic cells, sloughing of the spermatogenic cells from the underlying basement membrane (red 
arrow) and atrophy of Leydig cells (asterisk). These changes are more obvious in the sovaldi treated group for 10 days 
(hematoxylin-eosin, 20x).  

Subgroups Studied groups Test P value 

  Group I Group II Group III U test   

% of spermatogenic cells in Subgroup (a) 
Mean± SD 
Range 

10.4±2.30 
8 – 13 

60.60±4.83 
55 – 66 

72.60±6.80 
64 – 80 

2.91 
2.61 
2.19 

0.0091 
0.0092 
0.0283 

% of spermatogenic cells in Subgroup (b) 
Mean± SD 
Range 

10.0±2.34 
7 – 12 

88.4±6.19 
82 – 96 

97.40±2.61 
94 – 100 

2.91 
2.61 
2.22 

0.0091 
0.0092 
0.0263 

U test 0.43 2.62 2.62     

P value 0.674 0.0094 0.0094     

Table 3. Comparison between the studied groups regarding % of surface area of collagen deposition.  

Subgroup (a): measurement after 5 days 

Subgroup (b): measurement after 10 days 

U test = Mann Whitney U test 

1 = comparing group I with group II 

2 = comparing group I with group III 

3 = comparing group II with group III 

4 = comparing subgroup a and subgroup b in each group 
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terstitium (Fig. 4). 

- Masson trichrome stain: 
There was a fine collagen deposition, especially 

peritubular and in the tunica albuginea in the con-
trol group that increased in the sovaldi treated 
group, and became more obvious in sovaldi-

ribavirin treated group. Statistically, there was a  
significant increase in the % surface area of colla

-gen deposits in sovaldi and sovaldi-ribavirin 
treated groups when compared to the control 
group. Moreover, a significant increase in collagen 
deposits was more in sovaldi-ribavirin treated rats 

Fig 4. Representative micrographs of a testicular section of a sovaldi-ribavirin treated rat  showing marked distortion of 
the seminiferous tubules with intense sloughing (red arrow) of the disorganized spermatogenic cells from the basement 
membrane, disruption of the basement membrane (blue arrow) specially 10 days after drugs intake with presence of 
dilated congested blood vessels (BV) and atrophy of Leydig cells (asterisk) (hematoxylin-eosin, 20x). 

Table 4. Comparison between the studied groups regarding % of surface area of collagen deposition.  

Subgroup (a): measurement after 5 days 

Subgroup (b): measurement after 10 days 

U test = Mann Whitney U test 

1 = comparing group I with group II 

2 = comparing group I with group III 

3 = comparing group II with group III 

4 = comparing subgroup a and subgroup b in each group  

Subgroups Studied groups Test P value 

  Group I Group II Group III U test   

Leydig cells in 
Subgroup (a) 
Mean± SD 
Range 

5.2±1.92 
3 – 8 

43.6±6.11 
38 – 52 

59.2±5.26 
53 – 66 

2.61 
2.61 
2.56 

0.0091 
0.0092 
0.013 

Leydig cells in 
Subgroup (b) 
Mean± SD 
Range 

5.6± 1.81 
4 – 8 

85.2±5.72 
80 – 93 

95.4±4.50 
90 – 102 

2.63 
2.62 
2.31 

0.0091 
0.0092 
0.023 

U test 0.32 2.62 2.61     

P value 0.754 0.0094 0.0094     
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when compared with that of sovaldi treated  group. 
In addition, the significant difference between rats 
treated for 10 days and those treated for only 5 
days was noted  (Fig. 5, Table 2). 

 
Apoptosis effect in testis of sovaldi and soval-
di-ribavirin treated rats 

Immunoexpression of caspase-3, a marker for 
apoptosis, revealed that there was a negative im-
munoexpression for caspase-3 in the control 
group, except for very few positive cells, either 
spermatogenic or Leydig cells. However, in the 
sovaldi treated group there was an increase in the 
number of positive cells especially 10 days after 
sovaldi intake. In sovaldi-ribavirin treated group, 
the immunoexpression to caspase-3 was more 
extensive especially with the increased duration. 
Statistically, there was a significant increase in the 
% of caspase-3 positive cells in sovaldi and soval-
di-ribavirin treated groups when compared with the 
control group. Furthermore, a significant increase 
was more in sovaldi-ribavirin treated rats when 
compared with that of sovaldi treated (Fig. 6, Ta-
bles 3, 4). 

 
DISCUSSION 
 

The therapeutic effects of sovaldi and sovaldi-
ribavirin on Hepatitis C have been well documen-

ted. However, the results of our experimental study 
reveal that administration of a therapeutic dose of 
sovaldi and sovaldi-ribavirin promoted male repro-
ductive toxicity in rats. Up to our knowledge, there 
were no documented researches on the effect of 
sovaldi and sovaldi-ribavirin on testicular human, 
with limited studies to explore the effects of these 
drugs on the rat reproductive organs and hence 
affection of male fertility while using these drugs. 

These entailed the aim of this study. 
Regarding the biochemical analysis of testostero-

ne hormone, there was a significant decrease in 
the groups treated with sovaldi and sovaldi-
ribavirin. Moreover, examination of the testicular 
sections of sovaldi treated rats either sacrificed 5 
or 10 days after drug intake showed distortion of 
the seminiferous tubules, sloughing of the sperma-
togenic cells from their underlying basement mem-
brane, appearance of vacuoles in the epithelium 
and atrophy of Leydig cells. There was an extensi-
ve distortion of the testicular seminiferous tubules 
with presence of congested dilated blood vessels 
in the testicular interstitium, and appearance of 
more gaps and vacuoles in testicular sections of 
the rats treated with both sovaldi and ribavirin. 
These findings are comparable to the study outco-
mes of Narayana et al. (2005), who confirmed that 
ribavirin induced formation of vacuoles and gaps in 
the seminiferous epithelium in all dose groups at 

Fig 5. Representative micrographs of the testicular sections of the different experimental groups showing fine collagen 
deposits either in tunica albuginea (TA) or peritubular (arrow head) in the control group that increases in sovaldi treated 
group to be more dense in sovaldi-ribavirin treated group especially 10 days after drugs intake (Masson trichrome, 
40x).  
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all sacrifice times. The appearance of vacuoles in 
the seminiferous epithelium indicated that the drug 
caused damage to the Sertoli cell structure in 
terms of dilatation of the endoplasmic reticulum as 
considered by De Krester and Kerr, (1994). 
However, Chapin et al. (1984) had the opinion that 
the vacuoles indicated a non-specific injury to 
germ cells.. Kumar et al. (2006) added that epithe-
lial sloughing was an indicator of Sertoli cells da-
mage. In addition, Narayana et al. (2005) stated 
that the gaps in the seminiferous epithelium ap-
peared as a result of the removal of germ cells by 
sloughing, which may be due to damage to inter-
cellular bridges formed by the microtubules bet-
ween the Sertoli cells and the germ cells. 

Moreover, the biochemical and histological re-
sults in this work agreed with Ahtiainen et al. 
(2004), who postulated that reduction in serum 
testosterone level may be due to atrophy of Leydig 
cells. These changes were described by Benzoni 
et al. (2008) as testosterone supports spermatoge-
nesis, sperm maturation and sexual function, thus 
any disruption in testosterone biosynthesis could 
adversely affect male fertility. The changes in the 
seminiferous tubules, as observed during histo-
pathological examination, might be a result of hor-
monal effect and not consequence of a direct ef-

fect. In addition, this was confirmed by Narayana 
et al. (2005), who reported that ribavirin has some 
cytotoxic effects on Leydig cells, which resulted in 
a decrease in their number and stated that ribavirin 
has a moderate but prolonged effect on testostero-
ne levels in the rat and the lowered level of the 
hormone was due to fewer Leydig cells. 

From the previous results, it could be concluded 
that sovaldi and sovaldi-ribavirin function like an 
endocrine-disruptor in the rat. 

Furthermore, in the present study, there was a 
significant increase in collagen deposits in the so-
valdi treated subgroups and became more obvious 
in sovaldi-ribavirin treated subgroups. These fin-
dings were in correlation with Ahtiainen et al. 
(2004), who stated that increase in connective tis-
sue between seminiferous tubules was a conse-
quence of atrophy of tubules. 

Molecular study of sovaldi and sovaldi-ribavirin 
treated rats in this work showed that significant 
increase (P≤0.05) of DNA fragmentation after ten 
days appeared as smear pattern when compared 
with control. Moreover, there was a significant in-
crease (P≤0.05) in the percentage of caspase-3 
positive cells, especially ten days after sovaldi inta-
ke. In addition, the immunoexpression of caspase-
3 in sovaldi-ribavirin treated subgroups was more 

Fig 6. Representative micrographs of the testicular sections of the different experimental groups: negative immunore-
action for caspase-3 except for very few positive spermatogenic (red arrow head) and Leydig cells (yellow arrow head). 
Sovaldi-treated group sacrificed 5 & 10 days clarifying increase in the number of positive cells that is more obvious in 
testicular sections from sovaldi treated group for 10 days sovaldi-ribavirin treated group sacrificed 5 & 10 days showing 
extensive immunopositive expression  (Immunoexpression for caspase-3, 40x).  
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extensive especially after ten days. These findings 
were in agreement with Lasheen et al. (2015), who 
hypothesized that the increase in testicular apopto-
sis was the result of decline of gonadotropins, and 
subsequently testosterone hormonal level that in-
fluenced the testicular cellular viability. Furthermo-
re, El-Sharaky et al. (2010) reported that depletion 
of testosterone in the rats resulted in increased 
germ cell apoptosis. In addition, testosterone could 
affect Sertoli cells’ function and germinal cell dege-
neration and dislocation could take place due to 
damage in function of Sertoli cells, and decreased 
testosterone level had been reported to enhance 
premature detachment of epithelial cells as men-
tioned by Kumar et al. (2006) and Najafi et al. 
(2010). 

Additionally, our work showed that there was in-
crease in the number of caspase-3 positive cells 
after 5 days in sovaldi and sovaldi-ribavirin treated 
groups. This may be due to the central importance 
of caspase proteinases, particularly caspase-3, as 
the principal mediators of apoptosis thus conside-
red as the primary activator of apoptotic DNA frag-
mentation, as suggested by Wolf et al. (1999). 

The detection of caspase-3 immunohistochemi-
cally was considered a specific method for detec-
tion of apoptosis as clarified by Arroyo et al. 
(2010); Cheng et al. (2011). Rainaldi et al. (2008) 
added that agarose gel electrophoresis, along with 
other methods, was successfully used to confirm 
apoptosis. Moreover, Duan et al. (2003) stated that 
detection of caspase-3 could be a more unique, 
direct and sensitive indicator of apoptosis than de-
tection of secondary process as DNA fragmentati-
on. 

The findings of lowered testosterone hormone, 
testicular DNA fragmentation, caspase-3 activation 
and testicular damage, along with increased colla-
gen deposits, were considered the most sensitive 
parameters for detection of testicular toxicity that 
could be of key importance for the clinical practice.  

 
CONCLUSION 
 

This study demonstrated the potential adverse 
effects of sovaldi and sovaldi-ribavirin on reproduc-
tive system and function in male rats, and showed 
that sovaldi and sovaldi-ribavirin induced reproduc-
tive disorders as revealed by reduction of serum 
testosterone level, toxic and degenerative effects 
on the histological architecture of testes, increase 
in collagen deposits, increased number of caspase
-3 positive cells and DNA fragmentation. Also 
these reproductive disorders become more 
aggressive with increased duration of drugs intake. 

Finally, sovaldi and sovaldi-ribavirin may induce 
reduction in the potential fertility of adult male rats 
due to their potential structural adverse effects on 
rats’ testes, so the physicians, while prescribing 
these drugs to the patients, must consider their 
possible gonadotoxic effects on his fertility. Further 

studies are recommended to demonstrate whether 
these damaging effects will be reversible or not, 
and to use a protective agent to ameliorate the 
testicular structural changes induced by sovaldi 
and sovaldi-ribavirin. 
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