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Abstract
Background and Objective: One of the several side effects of cancer treatment remains cytotoxicity. The curative effect of aqueous zest
extract of Citrus paradisi   on cisplatin-induced testicular degeneration was studied. Materials  and  Methods:  Sixteen  male  Wistar rats
(10-12 weeks old) weighing  237-276  g  were  divided  into  four  groups.   The   first   group   of   rats   served   as   control   and   were  
treated   orally   with 2.5 mL kgG1 b.wt dayG1, group B rats treated with single dose of 10 mg kgG1 b.wt., group C and D rats were treated
with a single dose of 10 mg kgG1 b.wt. of  cisplatin  and  then  treated orally with  10  and  40  mg   kgG1  b.wt.  of  aqueous  zest extract
of Citrus paradisi  for 8 weeks. Results: Results showed a significant (p<0.05) decrease in testis  weight,  testis volume,  sperm count, 
sperm motility and normal sperm morphology (p<0.01). Also, observed was marked degeneration and atrophied tubules with absence
of late stage germ cells  evidenced  by  significant  reduction  in  tubular  diameter  (p>0.01),   perimeter (p>0.01),  length (p>0.001) and
width (p>0.05) in germinal epithelia height (p>0.05), cross-sectional area, number  of  profiles  per  unit  area  and  numerical  density,
PAS-positive materials and Ki67 cells of seminiferous tubules  of  the   rats treated with cisplatin alone. Interestingly, all these parameters
were attenuated in the groups that  were  post-treated  with  the  extract.  Conclusion: Based on these evidenced it was concluded that
aqueous zest extract of Citrus  paradisi  have curative roles in the abatement of cisplatin-induced testicular toxicity in Wistar rats.

Key words:  Oxidative stress, testes, histochemistry, immunohistochemistry, infertility

Received:  July 23, 2016 Accepted:  August 29, 2016 Published:  September 15, 2016

Citation:  G.G. Akunna, E.N. Obikili, G.E.  Anyanwu and E.A. Esom, 2016. Spermiographic, 2 and 3-dimensional quantitative analysis of testicular tissues of
rat submitted to Citrus paradisi  waste extract and cisplatin-induced cytotoxicity. Int. J. Cancer Res., 12: 176-187.

Corresponding Author: G.G. Akunna, Department of Anatomy, Faculty of Basic Medical Sciences, Federal University Ndufu Alike Ikwo, Ebonyi State, Nigeria
Tel: +23408038619526

Copyright:  © 2016 G.G. Akunna et al.  This is an open access article distributed under the terms of the creative commons attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited. 

Competing Interest:  The authors have declared that no competing interest exists.

Data Availability:  All relevant data are within the paper and its supporting information files.

http://crossmark.crossref.org/dialog/?doi=10.3923/ijcr.2016.176.187&domain=pdf&date_stamp=2016-09-15


Int. J. Cancer Res., 12 (3-4): 176-187, 2016

INTRODUCTION

The surface area of an interface per unit reference volume
is known as surface density or specific surface1,2. Three
dimensional evaluation of an organ describes numerical
sampling methods for quantifying geometric parameters.

Using  scientifically   proven   relationships,   this  study
has aimed  to  evaluate  in  animal  models,  the  curative role
of aqueous  zest  extract  of Citrus  paradisi  (AZECP)  on
cisplatin-induced cytotoxicity.

Citrus peel (especially orange) is often considered a waste
from the main fruit which boasts of essential flavanones,
polyphenols, anthocyanins and hydroxycinnamic acids.
However, citrus peel has been reported to contain higher
amounts of total phenolics such as limonene, hesperidin,
narirutin, naringin and eriocitrin compared to the edible
portions3-5. Their pharmacological activities as radical
scavengers have been reported.

Cisplatin  (cis-diamminedichloroplatinum  [II])  is  one  of
the standard anti-neoplastic drugs used in cancer therapy6,7.
However, it results in spermiotoxicity thereby leading to
temporary  or  permanent  azoospermia8,9.  Experimental
models have severe testicular damage within days of cisplatin
injection10-12. Free radical generation via an oxidative stress
pathway has been implicated in cisplatin-induced testicular
toxicity13. The final cellular outcome is generally apoptotic cell
death.

Although, several herb has been tried to protect against
drug-induced toxicity. This study has aimed to see one to cure
the reproductive side effects accompanied by cisplatin
chemotherapy.

MATERIALS AND METHODS

Plant source and identification:  Fresh fruits of Citrus  paradisi
were collected from a cultivated farm land in Ikwo, Ebonyi
State, Nigeria and was identified and authenticated
(UNN/14/344) at the Department of Plant Science and
Biotechnology, Faculty of Science, University of Nigeria,
Nsukka by a botanist.

Preparation of aqueous zest extracts of Citrus paradisi
(AZECP): Five hundred 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
depth14. The zest was thoroughly rinsed in distilled water and
dried at room temperature about 2 weeks. It was then reduced
to a powdered form by grinding.

Aqueous  extraction  of  AZECP:  Aqueous  infusion  was  done
by mixing a calculated volume of distilled water and
powdered  sample.  The  mixture  was  allowed  to  stand  for
30  min  before  filtration.  It  was  then  centrifuged  at  about
3000×g for 5 min and the supernatant collected. The
supernatant was cleared of particles by suction filtration using
Whatmann No. 1 filter paper and cellulose filter paper. The
extract was subsequently concentrated to dryness in vacuo at
40oC using a rotary evaporator and stored in a dessicator.
Fresh solution of the extract was prepared in normal saline as
vehicle when required15.

Chemicals:            Anti-neoplastic            agent             cisplatin
(cis-diamminedichloroplatinum [II]) was obtained from Alpha
pharmacy and stores at 44, Ogui Road, Enugu, Enugu Nigeria.

Animal grouping and investigational procedure: Twenty
male Wistar rats (10-12 weeks old) weighing 237-276 g were
secured from the animal house of the Department of
physiology, University of Nigeria, Enugu Campus. The animals
were housed in well ventilated wire cages in the animal facility
and an ethical approval was sorted and obtained from the
Ethical Committee on animal use with reference
NNHREC/05/01/2008b-FWA00002458-1RB00002323.

The animals were divided into four groups of five rats
each. The rats in group A served as the control group and were
treated orally with 2.5 mL kgG1 b.wt dayG1, group B rats served
as  the  positive  control  group  and  was  given  single  dose
of 10 mg kgG1 b.wt. of CIS intraperitoneally11, group C and D
rats were given a single dose of 10 mg kgG1 b.wt. of CIS
intraperitoneally,  2  weeks  later  they  were  given   10   and
40  mg  kgG1  b.wt.  of  AZECP  daily,  respectively for 2 weeks 
24 h later. The procedure lasted for 8 weeks.

Experimental  procedures  involving  the  animals  and
their care were conducted in conformity with international,
national and institutional guidelines for the care of laboratory
animals in Biomedical Research and Use of Laboratory Animals
in Biomedical Research as promulgated by the Canadian
Council of Animal Care16.

Further the experimental models used conformed to the
guiding principles for study involving animals as
recommended by the declaration of Helsinki and the guiding
principles in the care and use of animals17.

Animal sacrifice and sample collection: The rats were first
weighed and then sacrificed by cervical dislocation. The
abdominal cavity was opened up through a midline
abdominal  incision  to  expose  the  reproductive  organs.  The
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testes were excised and trimmed of all fat. The testicular
weights   of   each   animal   were   evaluated   with   an
electronic    analytical    and    precision    balance    (BA 210S,
d = 0.0001-Sartorius GA, Goettingen, Germany). 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 parameters was regarded as one
observation. One of the testes of each animal was fixed in
bouin’s fluid for histological and morphometric analysis.

Determination of epididymal sperm parameters
Spermatozoa progressive motility: The fluid obtained from
the left cauda epididymis with a pipette was diluted to 0.5 mL
with tris buffer solution18 (pH 7.5). A slide was placed on light
microscope with heater table and an aliqout of this solution
was on the slide. The microscopic field was scanned
systematically and each spermatozoon encountered was
assessed and for the purpose of the first part of the
assessment,   motility   was   classified   as   either   motile   or
non-motile and percentage motility was evaluated visually at
a magnification of x400. Motility estimates were performed
from three different fields in each sample. The mean of the
three  estimations  was  used  as  the  final  motility  score.
Samples for motility evaluation were be incubated at 35EC.
Further, motile spermatozoa was classified as either rapid
linear progressive or sluggish non-linear motile.

Epididymal spermatozoa concentrations: Spermatozoa in
the right epididymis were counted by a modified method of
Yokoi and Mayi19. The epididymis was minced with anatomic
scissors  in  5  mL  physiologic  saline,  placed  in  a  rocker  for
10  min  and  allowed  to  incubate  at  room  temperature  for
2 min. After incubation, the supernatant fluid was diluted
1:100  with  solution containing 5 g sodium bicarbonate and
1 mL formalin (35%). Total sperm number was determined by
using the new improved Neubeur’s counting chamber
(haemocytometer). Approximately, 10 µL of the diluted sperm
suspension was transferred to each counting chamber of the
haemocytometer and was allowed to stand for 5 min. This
chamber was then placed under a binocular light microscope
using an adjustable light source. The ruled part of the
chamber was focused and the number of spermatozoa
counted in five of 16-celled squares. The sperm concentration
was the calculated number multiplied by 5 and expressed as:

[x]×106 mLG1

where, [x] is the number of spermatozoa in a 16-celled square.

Normal   and  abnormal  spermatozoa  morphology:  The
sperm cells were  evaluated  with  the  aid  of  light microscope

at x400 magnification. Caudal sperm will be taken from the
original dilution for motility and diluted 1:20 with 10% neutral
buffered formalin (Sigma-Aldrich, Oakville, ON, Canada).  Five
hundred sperm from the sample were scored for 
morphological  abnormalities.  Briefly,  in  wet preparations
using phase-contrast  optics,  spermatozoa  were   categorized.
In this study, spermatozoon was considered abnormal
morphologically if it had one or more of the following features:
Rudimentary tail, round head and detached head and will be
expressed as a percentage of morphologically normal sperm20.

Tissue preparation for histology, histochemistry and
immunohistochemistry: The organs were cut in slabs of
about 0.5 cm thick and fixed in Bouin’s fluid for a day after
which it was transferred to 70% alcohol for dehydration. The
tissues were passed through 90% alcohol and chloroform for
different durations before they were transferred into two
changes of molten paraffin wax for 20 min each in an oven at
57EC. Serial sections of 5 µm thick were obtained from a solid
block of tissue and were stained with haematoxylin and eosin
stains after which they were passed through a mixture of
equal concentration of xylene and alcohol.

Following   clearance   in   xylene and   the   tissues   were
oven-dried. Light microscopy was used for the evaluations.
Prior  to  embedding,  it  was  ensured  that  the  mounted
sections to be cut by the rotary microtome were orientated
perpendicular to the long axes of the testes. These sections
were designated “Vertical sections”. Serial sections of 4 µm
thick were obtained from a solid block of tissue, fixed on clean
slides to which Mayer’s egg albumin had been coated to
cement the sections to the slides properly and were stained.
For histological and histochemical study, sections were
stained with H and E and Periodic Acid-Schiff (PAS) reaction
with hematoxylin counterstaining after which they were
passed through a mixture of equal concentration of xylene
and alcohol. Following clearance in xylene the sections will be
oven-dried21 between 35-40EC.

For immunohistochemical study, sections of testes were
deparaffinized with xylene and followed by antigen retrieval
by heating in citrate buffer (10 mM and 20 min). This was
followed by endogenous peroxidase  blocking  in  3% H2O2 for
10 min and incubation with rabbit antimouse Ki67 monoclonal
antibody (1:300; Millipore, AB9260). After washing the slides
with phosphate buffered saline, the sections were incubated
with their related secondary antibodies at  room  temperature 
for 1 h followed by detection with 3-amino-9-ethylcarbazole
and a   chromogen.   The   slides   were   counterstained   with
hematoxylin and mounted in Faramount  aqueous  mounting
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medium.  Cellular    proliferation    was    assessed   by
immunohistochemical detection of the Ki67 nuclear antigen.
Cells that stained positive for Ki67 were counted in each
sample. One hundred tubules were counted in each group
and the percentage of positive cells in the tubules was
determined. The slides was viewed under a research
microscope connected to a computer monitor for qualitative
and quantitative evaluation.

Determination  of  morphometric  parameters:  For  each
testis, seven “Vertical sections” from the polar and the
equatorial regions were sampled22. Seven “Vertical sections”
per testis was 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, another half-way between each pole and the equator
and one on each side of the equator and a quarter of the
distance from each of the pole.

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 scheme23: 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).

For each stereological parameter (D, AC, NA and NV) five
randomly selected fields from all the seven sections of a single
testis was viewed and estimation on each carried out. The
average from a total of 70  readings from five fields in seven
sections of the two testes of one rat was obtained and this was
recorded as one observation. The evaluation of the diameter
was done with calibrated eyepiece and stage grids mounted
on a light research microscope at x100 magnification.
Estimation of volume density of testicular components and
number of seminiferous tubules was done on a computer
monitor onto which a graph sheet was superimposed and on
which slides were projected from a study light microscope
(olympus).

Cross-sectional area (AC) of the seminiferous tubules of the
testes: The cross-sectional areas of the seminiferous tubules
was determined from the equation:

2D
AC =  

4



where, π is equivalent to 3.142 and D the mean diameter of
the seminiferous tubules.

Number of profiles of seminiferous tubules in a unit area of
testis (NA): The number of profiles of seminiferous tubules per
unit area was determined by using the unbiased counting
frame proposed by Gundersen and Jenson23. Using this frame,
in addition to counting profiles completely inside the frame
counted all profiles with any part inside the frame provided
they did not touch or intersect the forbidden line (full-drawn
line) or exclusion edges or their extension.

Numerical density (NV) of seminiferous tubules: This is the
number of profiles per unit volume and was determined by
using the modified Floderus equation:

NV = NA/(D+T)

where, NA is the number of profiles per unit area, D is the
diameter and T the average thickness of the section.

Statistical analysis:  The data were statistically analyzed and
expressed as Mean±SD. Analysis was carried out using
analysis  of  variance  (ANOVA)  with  Scheffe’s  post  hoc  test.
The level of significance was considered at p<0.05 and p<0.01.

RESULTS

Testicular weight and volume: Results showed a significant
(p<0.05) decrease in testis weight and volume of rat treated
with CIS-alone. However, testis volume was not significantly
(p>0.05) affected when compared to the negative control
group (Fig. 1).

Group C animals had significant increase in testes weight
but not testes volume while group D animals had a significant
increase in test volume but not testes weight when compared
to the positive control group.

Testes  histological  profiles:  Rats  that  were   treated with
CIS-alone without pre-treatment or post-treatment with
AZECP showed marked degeneration and atrophied
seminiferous tubules, interstitial oedema, degenerated and
vacuolated germinal epithelium, absence of late stage germ
cells, degenerated spermatogenic cells and absence of sperm
bundles in most tubules when compared to those of the
control that had normal histological profiles (Fig. 2b).

The rats that had AZECP post-treatment showed a
remarkable  preservation  of  their  seminiferous  epithelium
(Fig. 3c, d).
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Fig. 1: Effects of CIS and aqueous zest extract of Citrus paradisi
on  testicular  weight  and  volume  of  male Rats,
*Significant increases or decreases at p<0.05 when
compared to negative control (group A), AZECP:
Aqueos  zest  extract  of  Citrus  paradisi,  CIS: Cisplatin,
NS: Normal saline, values are Mean±SD and n = 5 in
each group

Fig. 2(a-b): Histological   micrograph   of   a   cross-section   of
testis of group A rat (5 mL kgG1 NS) and group B
(10 mg kgG1 CIS) for 8 weeks, stain: H and E, slide
showing   the   seminiferous   tubules,   L:  Lumen,
E:   Epithelium,   I:   Interstitium,   S:   Sertoli   cells,
L: Leydig cell, stain: Haematoxylin eosin and 
magnification: x400

Fig. 3(a-b): Histological micrograph of a cross-section of testis
of group C (10 mg kgG1 CIS+10 mg kgG1 AZECP)
and group D (10 mg kgG1 CIS+40 mg kgG1 AZECP)
for 8 weeks, stain: H and E, slide showing the
seminiferous  tubules,  L:  Lumen,  E:  Epithelium, 
I:  Interstitium,  S:  Sertoli  cells, L: Leydig cell, stain:
Haematoxylin, eosin and magnification: x400

Testes histochemical and immunohistochemical profiles:
The testes of rat treated with CIS without post-treatment with
AZECP presented a decrease of PAS-positive materials. In
these specimens, tunica albuginea, the boundaries of the
seminiferous tubules as well as the intertubular connective
tissue had weak PAS-positive materials (Fig. 4b).

Normal   polysaccharides    content    were   illustrated
after  post-treatment   with   AZECP  (Fig.  4c,  d).  Numerous
PAS-positive materials appeared in tunica albuginea as well as
in the intertubular  connective  tissue  of  testes  of  control 
groups of rat (Fig. 4a). It showed normal cytoplasmic
carbohydrate supplement in nearly all of the cells which were
participated in spermatogenesis process.

Although, there was a significant decrease in Ki67 positive
cells in the positive control group an d this was improved after
post-treatment with AZECP (Fig. 5-8).

180

 
 

 

(a) 

(b) 

(a) 

(b) 



Int. J. Cancer Res., 12 (3-4): 176-187, 2016

Fig. 4(a-b): Histochemical micrograph of a cross-section of
testis  of  group  A  rat  (5  mL  kgG1  NS),  group  B
(10 mg kgG1 CIS) for 8 weeks, stain: H and E, slide
showing  the  seminiferous  tubules,  L:  Lumen,
PPR:  PAS-positive  reactions, stain:  PAS and 
magnification: x400

The activity of Ki67 appeared to increase in the control
group (Fig. 5a, b) of rat. Ki67-stained cells were mainly
localized in the spermatogonial germ cells in seminiferous
tubules. Some Ki67-positive cells were observed in the
interstitium.

Testes histo-morphometry: Diameter, perimeter, width
(WST), roundness (RST) and lumen diameter (LD), germinal
epithelia height (GEH), cross-sectional area (Ac) number of
profiles per unit area (NA), numerical density (NV) and length of
seminiferous tubules of Wistar rats.

The negative control group of rat had normal geometric
parameters (mean diameter (278.5±91.6 µm), perimeter
(900.4±121.0 µm) and length (342.7±72.3 µm) of the
seminiferous tubules (Table 1).

Fig. 5(a-b): Histochemical micrograph of a cross-section of
testis of group C (10 mg kgG1 CIS+10 mg kgG1

AZECP), group D (10 mg kgG1 CIS+40 mg kgG1

AZECP)  for   8   weeks,   stain:   H   and    E,  slide
showing  the  seminiferous  tubules,  L:  Lumen,
PPR: PAS positive reactions, stain: PAS  and 
magnification: x400

The group that had CIS-alone had a significant decrease
in tubular diameter (p>0.01), perimeter (p>0.01) and length of
the seminiferous tubules (p>0.001) when compared to the
negative control.

Although, group D rats had a significant (p>0.05)
reduction in tubular diameter when compared to the control,
it was significant (p>0.05) different from the positive control
group.

The animals that were treated with AZECP after exposure
to CIS showed significant changes in their tubular diameter
when compared to the positive control (Table 1).

The width, roundness and lumen diameter of the
seminiferous tubules in the control rats were 232.7±24.6,
0.84±0.1 and 87.9±10.9 µm, respectively (Table 2).
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Fig. 6(a-b): Immunohistochemical     micrograph     of    a
cross-section of testis of group A rat (5 mL kgG1

NS),   group   B   (10   mg   kgG1  CIS)  for  8 weeks,
stain: H and E, slide  showing  the seminiferous
tubules, L: Lumen, PPR: PAS-positive reactions,
Ki67    immunostaining     and    magnification:
x400

Fig. 7(a-b): Immunohistochemical     micrograph     of     a
cross-section of testis of group C (10 mg kgG1

CIS+10 mg kgG1 AZECP) and group D (10 mg kgG1

CIS+40 mg kgG1 AZECP) for 8 weeks, stain: H and E, 
slide showing the   seminiferous tubules, L: Lumen,
PPR: PAS-positive reactions, Ki67 immunostaining
and magnification: x400

Table 1: Effects of cisplatin and aqueous zest extract of Citrus paradisi on diameter (D), perimeter of seminiferous tubules (PST) cross-sectional area (Ac), number of
profiles per unit area (NA) and length of seminiferous tubules (LST) of Wistar rats

Groups D (µm) PST (µm) Ac (×103 µm 3) NA(×10G8 µmG2) LST (µm)
Group A 278.5±91.6 900.4±121.0 23.62±1.12 27.11±8.13 342.7±72.3
Group B 206.7±32.0b 611.9±14.4b 15.63±6.1b 12.16±5.1b 328.7±57.2a

Group C 318.6±87.6 1028.6±48.9 10.11±6.3b 30.22±7.0 361.9±12.6
Group D 256.8±26.0a* 924.6±66.6 31.63±6.1 23.46±5.7 322.2±14.7
a,bSignificant increases or decreases at p<0.05 and p<0.01, respectively when compared to negative control (group A),  values are Mean±SD, n = 4 in each group and 
*Significant increases or decreases at p<0.05 when compared to positive control

Table 2: Effects of cisplatin and aqueous zest extract of Citrus paradisi  on width (WST), roundness (RST) germinal height (GEH), numerical density (NV) and lumen
diameter (LD) of seminiferous tubules of Wistar rats

Treatment groups WST (µm) RST (µm) GEH (µm) NV (×10G10 µmG2) LD (µm)
Group A 232.7±24.6 0.84±0.1 33.4±3.23 12.06±3.2 87.9±10.9
Group B 200.9±31.6b 0.88±0.1 3.8±1.8c 10.07±3.3a 190.4±59.6c

Group C 304.3±2.4 0.90±0.0 41.2±6.3 11.31±3.8a 171.9±48.6b

Group D 269.7±5.1 0.87±0.0 27.3±3.7 18.0±6.22 165.1±19.5b
a,bSignificant increases or decreases at p<0.05 and p<0.01, respectively when compared to negative control (group A), values are means±SD and n = 5 in each group
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Table 3: Effects of cisplatin and orange peel extract on sperm count, motility, progressivity and morphology in Wistar rats
Treatment groups Sperm count (×106 mLG1) Sperm motility (%) Progressive motility (%) Normal morphology (%) Abnormal morphology (%)
Group A 134.2±9.9 89.2±9.6 a1 95.0±2.9 5.0±2.9
Group B 68.0±24.9b 25.2±6.2b b1 13.7±3.8b 84.7±4.1b

Group C 96.2±12.52a1 51.5±8.32a1 b1 62.2±6.72a1 37.7±6.73a1

Group D 109.0±14.1a1 53.6±7.32a1 b1 58.3±15.63a1 41.2±24.42*
a,bSignificant increases or decreases at p<0.05 and p<0.01, respectively when compared to negative control (group A), *Significant increases or decreases at p<0.05
when compared to positive control a1: Rapid linear progressive motility and b1: Sluggish linear or non-linear motility

Fig. 8: Effects of CIS and aqueous zest extract of Citrus paradisi
on Ki67 Positive cells of male Rats, *’**Significant
increases or decreases at p<0.05 and p<0.05,
respectively when compared to  negative  control
(group A),  AZECP: Aqueos zest extract of Citrus paradisi,
CIS: Cisplatin, NS: Normal saline, values are Mean±SD
and n = 5 in each group

There was a significant reduction (p>0.05) in width and
increase (p>0.05) in lumen diameter of the tubules in rats
treated with CIS (200.9±31.6 and 190.4±59.6 µm,
respectively) (Table 2).

The animals that had AZECP after CIS treatment had
significant increase in width and lumen diameter of the
tubules when compared to the positive control group.

The   mean   number   of   germinal   epithelia   height,
cross-sectional area, number of profiles per unit area and
numerical density of seminiferous tubules in negative control
groups were 25.3±2.8 µm, 38.8±6.33 Ac (×103 µm3),
36.26±6.9 NA (×10G8 µmG2) and 17.16±4.9 (×10G10 µmG2),
respectively (Table 1, 2).

However, there was a significant (p<0.05) increase in
germinal height, cross-sectional area, number of profiles per
unit area and numerical density in rats treated with AZECP
after CIS when compared to the positive control (Table 1, 2).

Sperm parameters
Sperm count and motility in Wistar rats: Although, the mean
sperm count and motility for the animals treated with only
normal saline (the negative control  groups)  were  normal  at

Fig. 9(a-b): Sperm morphology of group A rat (5 mL kgG1 NS),
group B (10 mg kgG1 CIS) for 8 weeks, RH: Round
head, DH: Detached (double tail), RT:  Round  tail
and TB: Twisted body

134.2±9.9×106 mLG1 and 89.2±9.6%, respectively, results
showed a significant (p>0.01) reduction in sperm count and
motility in the group treated with CIS without post-treatment
with AZECP (Table 3).

Although, there was a significant decrease (p<0.05) in
sperm count and motility in animals treated with AZECP after
CIS when compared to the negative control, these values were
significant (p<0.05) different from the positive control group
(Table 3).

The result of normal sperm morphology and abnormal
sperm morphology were in line with that of the count and
motility. However, the sperm progressivity in all treated rat
were   different   from   those   of   the   negative   control
(Table 3, Fig. 9, 10).
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Fig. 10(a-b): Sperm morphology of group C (10 mg kgG1

CIS+10 mg kgG1 AZECP) and group D (10 mg kgG1

CIS+40 mg kgG1 AZECP) for 8 weeks, RH: Round
head, DH: Detached (double tail), RT: Round tail
and TB: Twisted body

DISCUSSION

The use of CIS, a potent anti-neoplastic drug with efficacy
in a broad range of malignancies is limited by severe cytotoxic
side effects24,25. Sperm cell is one of the main targets to a
certain extent because of their elevated mitotic activities20.
Animal-based studies have improved understanding the
underlying processes and have also been the basis of study
concerning   protection   and   restoration   of reproductive
potential.

The animals that were treated with CIS-alone had
testicular volumes of rat treated with CIS-alone had a
significant decrease in testicular weight and testicular volume.
It has been suggested that derangement in seminiferous
tubules and leydig cells could lead to loss of about 70-80% of
testicular mass26,27.

Although, testicular weight might appear a trivial result,
this assessment has been indicated as sensitive end points
that can be employed in evaluation of negative effect on male
reproduction15,27.  These  results  on  these  gross  anatomical

parameters  in  CIS-induced  animals  shown  in  this  study
have already been described by Malarvizhi and Mathur28  and
can be attributed to leydig cell death which could have
subsequently reduced testosterone production.

Ganaie29  showed  that  exposure  to  CIS,  reduced  the
serum testosterone levels in experimental models. Also, it is
the fact that the molecular mechanism of CIS-induced
testicular toxicity is mediated by dysfunction of biosynthesis
of testosterone30.

Marked degeneration and atrophied seminiferous tubules
and decrease in geometric parameters, PAS-positive materials
and expression of Ki-67 observed in this study are in
accordance with several other finding31-35. Atessahin et al.20

provide well documented evidences of testicular morphologic
and morphometric impairment following CIS challenge in
animal models. Somatic cells (leydig and sertoli cells) and
germ cells are the main target cells for platinum compounds
such as CIS11, 36, 37.

The geometric parameters in this study go in line with the
report that cisplatin-induced testicular degeneration results in
vacuoles in the seminiferous epithelium38,39. In the same line,
the reduction in germinal epithelium thickness and
seminiferous tubular diameter might be due to the inhibition
of spermatogenesis which might have resulted in decreased
sperm count, motility and normal sperm morphology
observed in this study.

Since, this result is comparable to that of Maines et al.40,
the reduction in testosterone level may have depleted the
germ cells at stages VII and VIII of seminiferous tubules. This is
pertinent when one consider the report that conversion of
immature spermatids to mature spermatids is considered to
be thoroughly related to testosterone level41.

Cisplatin-based chemotherapy has been reported to
cause infertility accompanied with significant reduction in
sperm production in most testicular cancer patients40.

Oxidative    stress    has    also    been    implicated    in
cisplatin-induced toxicity. The CIS has been reported to
generate free radicals either by the enzymatic pathway of
redox cycling between a semiquinone form and a quinone
form or by the non-enzymatic pathway of forming a DOX-Fe3+

complex25,42.
Kim et al.43 observed that CIS could promote the increase

in lipid peroxidation in vitro. Cao et al.44 also indicated that
excessive oxidative stress reduced levels of key enzymatic and
non-enzymatic antioxidants in leydig cells resulting in decline
in testosterone synthesis and secretion44.

Sperm cell is one of the common body cells that are
susceptible to CIS-induced oxidative stress. This increase
oxidative  stress  damages  the  sperm  membranes,  proteins
and   DNA45,46.   It   has   also   been   reported   that   adenosine
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triphosphate (ATP) is an energy source for sperm motility and
its availability may be a limiting factor responsible for loss of
sperm motility in CIS-treated rats47. This could explain the
significant reduction in sperm concentration, sperm motility
and normal sperm morphology along with a significantly
increased abnormal sperm morphology rates and significantly
reduced sperm progressivity as seen in CIS-alone group rats
when compared to the control groups. This result is also in line
with previous reports that demonstrated sperm
impairment11,20,48-54. Laskey et al.55 also reported decrease in
progressive motility and sperm normality.

Worthy of note is the remarkable normalization of the
gross anatomical parameters, geometric parameters, sperm
parameters  and  histomorphology  in  the  groups  of  rats
post-treated with AZECP. Although, testicular volume and
weight are highly correlated56, the result was not in line with
this as the groups treated with AZECP either had increase in
weight or volume but not both. However, the results were in
line with reports correlating testicular volume and testicular
function30,28.

Due to the presence of antioxidant in herbal plants, they
have been utilized in proteching in protecting against CIS
toxicity57,58. Improved sperm motility and the function after
antioxidant treatment have been reported severally20,59,60.

Ginkgo  biloba,  Zingiber  officinale, Hibiscus sabdariffa
and  Curcuma   longa   have   all   been   reported   to reduce
CIS-induced testicular toxicity61-65. Post-treatment with AZECP
could have attenuated the CIS testicular derangement
through a reduction of free radicals dependent lipid
peroxidation.

Biochemical  analysis  of  AZECP  revealed  the  presence
in  high  concentration  of  vitamin  C,  vitamin  E,  lycopene
and  polyphenolic  flavonone  glycosides,  hesperiden,
neohesperiden, nariratin, limonoid and naringin. These
compounds are powerful antioxidants and free radical
scavengers individually and collectively46-47.

CONCLUSION

The present study has shown that post-treatment with
aqueous zest extract of Citrus paradisi containing powerful
antioxidant  vitamins  and  citrus  bioflavonoids,  exerted  a
potent testiculocurative activity against cisplatin-induced
morphological,  biochemical and functional impairment of the
testis of Wistar rats. However, there was no notable difference
in the effect of different doses.

The  fact  that  aqueous  zest  extract  of  Citrus  paradisi
exerts profound curative effects on cisplatin-induced testicular
toxicity in animal models warrants a further approach for its

testiculocurative potential during cisplatin chemotherapy and
testicular cancer in clinical practice.

SIGNIFICANCE STATEMENT

The  present  study  has  provided  an  addition  to  the
body of evidence that cisplatin chemotherapy induces
morphological,  biochemical and functional impairment of the
testis of Wistar rats.

It has also shown that post-treatment with aqueous zest
extract of Citrus paradisi exerted a potent testiculocurative
activity against cisplatin-induced testicular injury.

This study may have provided the first documented
evidence  of   the   efficacy   of   aqueous   zest   extract of
Citrus paradisi to protect and attenuate the testicular toxicity
associated with cisplatin chemotherapy and testicular
neoplasm.

These results warrant a further approach for the
testiculocurative potential of Citrus paradisi during cisplatin
chemotherapy and testicular cancer in clinical practice.
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