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SUMMARY 
 
This study examined the curative effects of aque-
ous zest extract of Citrus sinensis and Cisplatin 
(CIS)-induced testicular degeneration. Sixteen 
male Wistar rats (10 to 12 weeks old) weighing 
306-238 g were used in this study. The animals 
were divided as follows: Group A was treated oral-
ly with 2.5 ml/kg body weight/daily; Group B was 
treated with a single dose of 10 mg/kg body 
weight; Group C and D rats were given a single 
dose of 10 mg/kg body weight of cisplatin and then 
treated orally with 10 and 40 mg/kg body weight of 
aqueous zest extract of Citrus sinensis. The proce-
dure lasted for 8 weeks. 
Results showed a significant (p< 0.05) decrease 
in final body weight, testis weight, testis weight/
body weight ratio, normal sperm morphology 
(p<0.01) and a significant decrease in tubular di-
ameter (p > 0.01), perimeter (p > 0.01 and) and 
length (p > 0.001), width (p >0.05) and increase (p 
> 0.05), germinal epithelia height, cross-sectional 
area, number of profiles per unit area and numeri-
cal density of seminiferous tubules. Rats that were 
treated with CIS alone without pre-treatment or 
post-treatment with extract showed marked degen-
eration and atrophied seminiferous tubules with 

absence of late stage germ cells. There was also a 
reduction in PAS-positive materials of the rats 
treated with Cisplatin. These parameters were 
however ameliorated in the groups that were post-
treated with the aqueous zest extract of Citrus 
sinensis. This could have been as a result of its 
antioxidant and free radical scavenging potentials. 
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INTRODUCTION 
 
Cisplatin (platinum-based drug) is one of the ma-
jor standard antineoplastic drugs used in cancer 
therapy such as testicular, head-and-neck, ovarian 
and cervical carcinomas (Ravindra et al., 2010; 
Mashhadi et al., 2013). It was the first member of a 
class of platinum-containing anti-cancer drugs, 
which now also includes carboplatin and oxali-
platin, and its discovery was a cornerstone that 
triggered the interest in other metal-containing 
compounds as potential anticancer drugs (Desoize 
and Madoulet, 2002; Che and Siu, 2010). 
Despite its numerous benefits, much has been 
reported on its side effects, which include testicular 
toxicity (Townsend et al., 2003; Yao et al., 2007; 
Sqhni et al., 2009), and these have limited its us-
age (Giaccone, 2000). Cisplatin is restricted to a 
moderately narrow variety of tumor types, as some 
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tumors (colorectal and non-small cell lung cancers) 
have intrinsic resistance to cisplatin, while others 
(ovarian or small cell lung cancer) increase ac-
quired resistance after the initial treatment 
(Fuertes et al., 2003; Mohamad et al., 2014). 
Studies have shown that free radical generation 
via an oxidative stress pathway was the main fac-
tor for cisplatin-induced testicular toxicity. The 
mechanisms of cisplatin toxicity involve the binding 
to DNA and non-DNA targets, and induction of 
apoptosis, necrosis or both (Cvitkovic, 1998). The 
final cellular outcome is generally apoptotic cell 
death (Keland, 2007), although the pathway(s) 
from platinumïDNA binding to apoptosis remains 
incompletely elucidated (Keland, 2007). 
Indeed, sperm DNA damage has been reported 
in post-cancer treatment in both fertile and infertile 
men (Morris, 2002). In animal models, such DNA 
damage after genotoxic treatment has been asso-
ciated with an increased number of pathological 
pregnancies. 
Citrus is one of the most important fruit crops 
grown in the world (Tao et al., 2007). The citrus 
family boasts of rich phytochemicals such as fla-
vanones, polyphenols, anthocyanins and hy-
droxycinnamic acids. Citrus sinensis peel is waste 
material, obtained after extraction of juice from 
citrus fruit. It has been reported to contain higher 
amounts of total phenolics such as limonene, hes-
peridin, narirutin, naringin and eriocitrin compared 
to the edible portions (Bok et al., 1999; Ziaur, 
2006; Xu et al., 2008; Green et al., 2013; Nada et 
al., 2014). Several studies have reported their 
pharmacological activity as radical scavengers. 
The aim of this study was to evaluate in animal 
models, the role of aqueous zest extract of Citrus 
sinensis (AZECS) on cisplatin-induced testicular 
degeneration using histomorphometric, histochem-
ical, immunohistochemical, biochemical and physi-
ological approaches. 

 
MATERIALS AND METHODS 
 
Preparation of aqueous zest extracts of Citrus 
sinensis (AZECS) 
Five (500) hundred orange fruits were peeled 
with a zester or grater. The white portion of the 
peel under the zest (mesocarp) was generally 
avoided by limiting the peeling depth (Liogier, 
1988). The zest was thoroughly rinsed in distilled 
water and dried at room temperature for about 2 
weeks. It was then reduced to a powdered form by 
grinding. The aqueous extraction was done as de-
scribed by Saalu et al. (2011). Briefly, the pow-
dered sample was mixed with a calculated volume 
of distilled water and allowed to stand for 30 
minutes before filtration. It was then centrifuged 
at about 3000 rmp for 5 min and the supernatant 
collected. The supernatants were cleaned of parti-
cles by suction filtration using Whatmann no 1 filter 
paper and cellulose filter paper. The extracts were 
subsequently concentrated to dryness in vacuo at 
40oC using a rotary evaporator and stored in a 
desiccator. A fresh solution of the different extracts 

was prepared in normal saline as vehicle when 
required. 

 
Experimental procedure 
Twenty male Wistar rats (10-12 weeks old) 
weighing 230-306 g were divided into five groups 
containing four rats each. The rats in group A 
served as the negative control group and were 
treated orally (using gavage needle) with 2.5 ml/kg 
body weight of distilled water/daily, group B rats 
were treated with 40 mg/kg body weight of 
AZECS. To induce testicular degeneration, Group 
C rats were treated intraperitoneally with a single 
dose (10 mg/kg body weight) of CIS (Cherry et al., 
2004). Group D and E rats after induction of testic-
ular degeneration as done with group C were post-
treated (orally) with 10 and 40 mg/kg body weight 
of AZECS respectively. The procedure lasted for 8 
weeks (Duration of spermatogenesis in rat being 
51.6-56 days (Jegou et al., 2002). 

 
Animal sacrifice and sample collection 
The rats were first weighed and then sacrificed 
by cervical dislocation. The testicular weights of 
each animal were evaluated with an electronic an-
alytical and precision balance. The testes volumes 
were measured by water displacement method. 
The two testes of each rat were measured, and the 
average value obtained for each of the two param-
eters was regarded as one observation. One of the 
testes of each animal was fixed in Bouinôs fluid for 
histological and morphometric analysis. Serum 
and the remaining testes of each animal were 
stored at -25ÁC for subsequent biochemical as-
says. 

 
Tissue preparation for histology and histo-
chemistry 
The organs were processed for Haematoxyline 
and Eosin as described by Akunna et al. (2012) for 
histochemical study. Sections were stained with 
Periodic Acid-Schiff (PAS) reaction with hematoxy-
lin counterstaining as described by Sheehan and 
Hrapchak (1987). 
The slides were viewed under an integrated digi-
tal microscope (DN-117M, Zhejiang, China) with 
1280x1024 resolution, connected to a computer 
monitor for qualitative and quantitative evaluation. 

 
Determination of morphometric parameters 
Histological slides were prepared from the formol

-saline fixed testes. However, before embedding, it 
was ensured that the sections were placed per-
pendicular to their long axes, and chosen as 
ñvertical sectionsò. 
For each testis, seven ñvertical sectionsò from the 
polar and the equatorial regions were sampled 
(Qin and Lung, 2002). Seven ñvertical sectionsò 
per testis were selected by a systematic sampling 
method that ensured fair distribution between the 
polar and equatorial regions of each testis. Briefly, 
a section was taken at the equator of each testis; 
one on each side of the equator, three quarters of 
the distance between the pole and the equator; 
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another half-way between each pole and the equa-
tor; and one on each side of the equator, a quarter 
of the distance from each of the pole (Fig. 1). 
Diameter, perimeter, length, width, roundness, 
lumen diameter and germinal epithelia height of 
seminiferous tubules of the testes were estimated 
with a digimizer software programme. Unbiased 
numerical estimation of the following morphometric 
parameters was determined using a systematic 
random scheme (Gundersen and Jenson, 1987): 
cross-sectional area of the seminiferous tubules 
(AC); number of profiles of seminiferous tubules 

per unit area of testis (NA); and numerical density 
of the seminiferous tubules (NV) were determined. 
For each stereological parameter (D, AC, NA and 
NV), five randomly selected fields from all the sev-
en sections of a single testis was viewed, and esti-
mation on each carried out. The average from a 
total of seventy readings from five fields in seven 
sections of the two testes of one rat was obtained 
and this was recorded as one observation (Akunna 
et al., 2012). 
Estimation of volume density of testicular compo-
nents and number of seminiferous tubules was 

Fig 1. A) Schematic showing the longitudinal axis along which the length measurement was taken, where each 

testes was cut in two (------) and the position of sections to be taken  όē ύ .B) Arrangement of the testes halves in 

the paraffin block and the position of the sections taken ό ē  ύΦ 

Fig 2. The effects of CIS and aqueous zest extract of Citrus sinensis on testicular weight of male rats.  

a,b represent significant increases or decreases at p < 0.05 when compared to negative control (Group A) and positive 

control (Group B) respectively. Values are means Ñ SD. n = 4 in each group.Group A rat (5 ml/kg NS), Group B rats 

(10 mg/kg AZECS), Group C rats (40 mg/kg AZECS), group D rats (10 mg/kg CIS), group E rats (10mg/kg AZECS+ 

10mg/kg CIS) and group F rats (40mg/kg AZECS+ 10mg/kg CIS) for 8 weeks. 
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done on a computer monitor onto which a graph 
sheet was superimposed and on which slides were 
projected from an integrated digital microscope 
(DN-117M, Zhejiang, China) with 1280x1024 reso-
lutions. 

 
Determination of epididymal sperm morpholo-
gy 
Briefly, the testes from each rat were exposed, 
removed and were trimmed free of the epididymi-
des and adjoining tissues. From each epididymis, 
the caudal part was cut and placed in a beaker 
containing physiological saline solution. Each sec-
tion was quickly macerated with a pair of sharp 
scissors and left for a few minutes to liberate its 
spermatozoa into the saline solution. Sperm mor-
phology was determined as earlier described by 
Saalu et al. (2011) and Akunna et al. (2012). Cau-
dal sperm was diluted 1:20 with 10% neutral buff-
ered formalin (Sigma-Aldrich, Oakville, ON, Cana-
da), placed on slides covered with a cover slip and 
examined under the microscope using x 400 ob-
jective. Five hundred spermatozoa from the sam-
ple were scored for morphological abnormalities. 
Briefly, in wet preparations using phase-contrast 
optics, spermatozoa were categorized. In this 
study a spermatozoon was considered abnormal 
morphologically if it had one or more of the follow-
ing features: rudimentary tail, round head and de-
tached head and was expressed as a percentage 
of morphologically normal sperm. 

 
Statistical analysis 
The data were statistically analyzed and ex-
pressed as Mean Ñ SD. Analysis was carried out 

using analysis of variance (ANOVA) with Scheffeôs 
post hoc test. The level of significance was consid-
ered at p < 0.05. 

 
RESULTS 
 
Gross anatomical parameters 
The animals treated with CIS-alone had a signifi-
cant (p<0.05) decrease in testis weight, testis 
weight/body weight ratio and testes volume when 
compared to the negative control group (Group A) 
(Fig. 3). 
There was a significant decrease in the testes 
weight of rats treated alone with AZECS when 
compared to that of the negative control (Fig. 2). 
However, the testes volume of rats treated alone 
with AZECS showed values comparable to that of 
the negative control (Fig. 2). 
There was a significant (p<0.05) increase in tes-
tis weight and testis volume of rat treated with 
AZECS after CIS exposure when compared to the 
positive control (Group D) (Fig. 3). 
Testes histological profiles 
The cross-sections of the seminiferous tubules of 
the control group and those treated alone with 
AZECS were moderately circular or oval in outline, 
with normal seminiferous epithelium and numerous 
spermatozoa within their lumen (Fig. 4). 
Rats that were treated with CIS alone showed 
marked degeneration and atrophied seminiferous 
tubules, interstitial edema, degenerated and vacu-
olated germinal epithelium, absence of late stage 
germ cells, degenerated spermatogenic cells and 
absence of sperm bundles in most tubules (Fig. 4). 
The rats that had AZECS after CIS showed a 

Fig 3. The Effects of CIS and aqueous zest extract of Citrus sinensis on volume of male rats. 

a,b represent significant increases or decreases at p < 0.05 when compared to negative control (Group A) and positive 
control (Group B) respectively. Values are means Ñ SD. n = 4 in each group. Group A rat (5 ml/kg NS), Group B rats 
(10 mg/kg AZECS), Group C rats (40 mg/kg AZECS), group D rats (10 mg/kg CIS), group E rats (10mg/kg AZECS+ 
10mg/kg CIS) and group F rats (40mg/kg AZECS+ 10mg/kg CIS) for 8 weeks. Values are means Ñ SD. n = 4 in each 
group. 
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remarkable preservation of their seminiferous epi-
thelium (Fig. 4). 

 
Testes histochemical profiles 

Polysaccharides 
Strong PAS-positive materials appeared in the 
tunica albuginea, as well as in the intertubular con-

nective tissue of the testes of those rats treated 
alone with AZECS, as well as rats in the negative 
control group (Fig. 5). It showed normal cytoplas-
mic carbohydrate supplement in nearly all of the 
cells which were participated in spermatogenesis 
process. Accordingly, the Sertoli cells were mani-
fested with well PAS stained cytoplasm showing 
normal carbohydrate supplement. Also the cells in 

 

 

  

Fig 4. Histological micrograph of a cross-section of testis of Group A rat (5 ml/kg NS), Group B rats (10 mg/kg 
AZECS), Group C rats (40 mg/kg AZECS), group D rats (10 mg/kg CIS), group E rats (10mg/kg AZECS+ 10mg/kg 
CIS) and group F rats (40mg/kg AZECS+ 10mg/kg CIS) for 8 weeks. Stain: H&E. Slide showing the L: Lumen, Sp: 
Spermatozoa, Sg: Spermatogonia, Spt: Spermatid, Ic: Interstitial cells, Mc: Myoid cell. Magnification:  x 400. 
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spermiogenesis process were observed with nor-
mal lipid foci accumulation with low reaction to 
PAS. 
The testes of rats treated with CIS alone re-
vealed a decrease of PAS-positive materials. In 
these specimens, tunica albuginea, the boundaries 
of the seminiferous tubules as well as the intertub-
ular connective tissue had weak PAS-positive ma-
terials (Fig. 5). 

More or less normal polysaccharides content 
was illustrated after post-treatment with AZECS 
(Fig. 5). However, the spermatogenic cells exhibit-
ed weak reaction while the sperms showed strong 
reaction. 

 
Testes histo-morphometry 
The mean diameter, perimeter and length of the 
seminiferous tubules in the negative control rats 

 

 

 

Fig 5. Histochemical micrograph of a cross-section of testis of Group A rat (5 ml/kg NS), Group B rats (10 mg/kg 
AZECS), Group C rats (40 mg/kg AZECS), group D rats (10 mg/kg CIS), group E rats (10mg/kg AZECS+ 10mg/kg 
CIS) and group F rats (40mg/kg AZECS+ 10mg/kg CIS) for 8 weeks. Stain: H&E. Slide showing the L: Lumen, Sp: 
Spermatozoa, Sg: Spermatogonia, Spt: Spermatid, Ic: Interstitial cells, Mc: Myoid cell. Magnification: x 400.  


