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ABSTRACT

Testicular tumors are the prevailing tumor in male of animals, accounting for about 90% of all
tumors affecting the genitalia. Copper nanoparticles (Cu NPs) are emerging as promising
agents for cancer therapy. The aim of this work was developed of tumors formed in the testis
of mice, by exposure to arsenite (As®) in drinking water for about 6 months and treated by
Copper nanoparticles. Twenty male albino Wister mice with average body weight 100 g were
used and divided into four groups (five mice / group). Group 1 as control negative group; Gp.
2 (tumor group) injected I/V by Sodium arsenite (0.5 mg/kg) mice once/week for 20 weeks.
Gp. 3 (treatment group) gave (Cu NPs.+ Chemotherapy protocol” Etopsoide, Cisplatin and
Bleomycin™ every 3 weeks and repeated 3 times; Gp. 4 (chemotherapy group) without Cu
NPs. Tissue samples of testis were collected and fixed neutral formalin buffer for
histopathology. In the testis of Gp.1 (control group) the seminiferous tubules have the active
stages of spermatogenesis with intact germinal epithelium. In Group 2 (tumor Gp.) testicular
tumor was formed large yellowish white mass of tumor with hemorrhagic area while in the
histopathological examination, testis converted into solid sheet of undifferentiated anaplastic
cells showing malignancy with focal areas of necrosis. Gp. 3 (treatment with Cu NPs. +
Chemotherapy) was noticed markedly reduce histopathological changes at which the testis
appeared neared to normal pattern and active spermatogenesis increased in most of
seminiferous tubules as well as restoration of germinal epithelium. Also, interstitial edema
was decreased with minimal injury of testicular tissue. Gp.4 chemotherapy treated group,
there was no evidence of anaplastic cells; seminiferous tubules showed testicular degeneration
with no active spermatogenesis, presence of spermatid giant cells and spermatid coagulum in
addition to testicular edema. Finally, nanomaterial will be reduce the toxicity of
chemotherapeutics and increase their effectiveness. We need further studies to establish other
types of tumors in animals.
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INTRODUCTION

Testicular tumors are the prevailing
tumor in male, accounting for about 90% of
all tumors affecting the genitalia (Cotchin,
1959). The major types of testicular tumor in
pets are sex cord stromal tumors, germ cell
tumors, and mixed germ cell sex-cord
stromal tumors (Kennedy, et al., 1998). The
most common of testicular tumors are
Sertoli cell tumors (SCTs) and interstitial
cell tumors (ICTs) in sex cord-stromal
tumors, seminomas (SEMs) in germ cell
tumors (Pinard, 2018).

Tumors are descended, or scrotal, testicles
usually benign while those still located in the
abdomen to be malignant. Testicles retained
in the abdomen are predisposed to Sertoli
cell tumors, seminomas and may spread to
lymph nodes (Lipowitz, et al., 1973).
Testicular ~ tumors  produce  excessive
hormones such as estrogen or testosterone.
Sertoli cell tumors have a higher rate of
spread than other testicular tumors. Males
affected with these tumors show swelling of
the testicular or scrotal area (Grootenhuis et
al., 1990).

The known cause of testicular cancer seem
to be caused by a complex mix of risk
factors, some environmental and some
genetic or hereditary (Kawakamiet al.,
2007). The prognosis for testicular tumors
that have spread is varies greatly depending
on the location, type of tumor and treatment
options. The most commonly recommended
treatment is surgical removal of the testicles,
chemotherapy and/or radiation therapy may
be considered. AIll three methods risk
damage to normal tissues or incomplete
eradication of the cancer (Stewart, 2017).

The application of nanotechnology the field
of study has advanced rapidly in recent
years. Nanoparticles are emerging as
promising agents for cancer therapy and are
being investigated as drug carriers. In
medicine, most interest is in the use of
nanoparticles to enhance drug delivery with
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interest also in in vitro diagnostics, novel
biomaterial design, bio imaging, therapies
and active implants (Magrez et al., 2006).

Due to wide applications of noble metal
nanoparticles, copper is gaining application
in the fields of medicines, optics, electronics
and antimicrobial (Gawande et al., 2016).
However, copper is cheaper than silver,
readily miscible with polymers, and
relatively stable chemically and physically.
(Ahmed et al., 2016). In recent years, copper
has been used as a building material for
hospitals and medical centers as its
antimicrobial properties proved useful in the
fight against infections (Snchez-Sanhueza et
al., 2016). Copper nanoparticles have
potential to be used in cancer therapy, due to
their properties and cytotoxic effect in
cancer cells (Wozniak, 2016).

Nanotechnology cancer therapy extends
beyond drug delivery into the creation of
new therapeutics available only through use
of nanomaterial properties (Bertrand et al.,
2014). The physical properties of
nanoparticles, such as energy absorption and
re-radiation, can also be used to disrupt
diseased tissue, as in laser ablation and
hyperthermia applications (Maeda et al.,
2013).

Inorganic arsenic is a component of the
Earth's crust found on the surface of rocks or
in complex with metals. The transport and
distribution of arsenic in the environment is
due to the chemical forms in which it occurs,
with different forms of arsenic in water, soil,
and air (Chilvers and Peterson 1987). The
exposure to inorganic arsenite with the
major route of drinking water intake will be
increased incidence of skin carcinoma in
areas where the water is naturally enriched
with arsenic the form of squamous cell
carcinoma (Martinez et al., 2012).

Sodium arsenite (As*) is the most
extensively arsenic compound. In animals
causes oxidative stress through the

generation of reactive oxygen (Xu et al.,
2012) and is associated with chromosomal
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abnormalities from oxidative DNA damage
(Matsui et al., 1999) and carcinogenesis
(Mehata et al., 2003).

The carcinogenicity of arsenic in animals
has a long latency period for the
development of neoplastic. Earlyin
vivo work on rats and mice were performed
with as supplementation of the diet or water
supply in the range of 2 to 250 mg as/L
(Blakeley 1987).

The aim of this work was developed of
tumors formed in the testis of mice, by
chronic exposure to different doses of
As®* in drinking water for varying periods of
time. The influence of As®*on the health
status of the animals and on the formation,
development, and malignant transformation
of tumors was also evaluated. Then
introduces copper nanoparticle with a focus
on recent led to treatment of testicular
tumors.

MATERIALS AND METHODS

Animals:

Twenty male albino Wistar mice with
average body weight 100 g were used. The
animals were housed in plastic cages at room
temperature 25- 27C°, and relative humidity
50— 60%. Rats had free access to water and
maintenance ration. This study was
performed in accordance with the

Institutional  Animal Use and Care
Committee (IACUC) guidelines, Cairo
University.

Sodium arsenite (As®):

Sodium arsenite (As®) was obtained from
National Cancer Institute, Cairo Univ.
Inorganic Sodium arsenate (As) "Define

Table 1: The protocol of Chemotherapy

Chem Company, India"
carcinogenic to mammals,
injection 1/V in mice.

IS proven as
(0.5 mgl/kg)

Copper nanoparticle:

Copper nanoparticles were kindly obtained
from Dr. Abdel Salam Almuhammady
worked in Arab Center for Nanotechnology,
Cairo University. The copper nanoparticles
were  characterized by  UV-visible
spectrophotometer, FTIR, X-ray diffraction,
scanning electron microscope (Hitachi
S$2150, Krefeld, Germany). The
nanoparticles were sterilized using a filter
with holes of 0.22 micrometer diameter
(Thamer & Barakat, 2019).

Experimental design:
Twenty mice were divided into four groups
(five mice / group).

Group 1: Control negative group was
injected by 0.5 ml/ Kg saline solution
once/week for 20 weeks and observed till the
end of experiment.

Group 2: Tumor group was injected
intravenously by Sodium arsenite at a dose
of (0.5 mg/kg) mice once/week for 20
weeks.

Group 3: Treatment group (Copper
nanoparticles 0.35 pg/ml+ Chemotherapy)
was given in the same time every 3 weeks
and repeated 3 times, the chemotherapy
included its protocol was described in table

D).

Group 4: Chemotherapy group without
copper nanoparticles, its protocol was
described in table (1).

Chemotherapy Dose Infusion Duration
Etopsoide* 100 mg/m? 1 hr.infusion 1% day & 5" day
Cisplatin* 20 mg/m? 2 hr.infusion 1% day & 5" day
Bleomycin* 30 Units IV 1% day, 8" & 15" day.

*: Manufacture by Thymoorgan Pharmazie, GMBH, Germany.
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Histopathology:

Tissue samples of testis were collected and
fixed in 10 % neutral formalin buffer. After
fixation, tissues were processed by paraffin
embedding technique and sectioned by
microtome (Leica 2135, Germany) at 3 um

RESULTS

1. Macroscopic findings:

thick sections. Tissue sections were then
stained by hematoxylin and eosin stain and
examined by light microscope (Olympus
XC30, Tokyo, Japan). Lesions were

photographed by digital Camera (Olympus
XC30, Tokyo, Japan).

Fig. 1: Tumor group was injected intravenously by Sodium arsenite with enlarged testis.

Fig. 2: Chemotherapy group without Cu

Histopathological results

In the testis of Gp.1 (control group) the
seminiferous tubules have the active stages
of spermatogenesis including
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NPs showed mild congestion in the left testis.

Spermatogonia, spermatocytes and
spermatozoa with intact germinal epithelium
as shown in (Fig.3).
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Fig. 3: Testis of Gp. 1 control Gp. showing well-structured features including normal
spermatogonial cell layers and normal spermatogenesis.
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Tumor group:
In Group 2 (Tumor Gp.) the testis of
sodium arsenite administrated group, testis
converted

were into solid sheet of

undifferentiated anaplastic cells showing
criteria of malignancy altered with focal
areas of necrosis as shown in (Fig. 4, 5 &6).

Fig.4 &5: Gp. 2 solid sheet of undifferentiated anaplastic cells showing criteria of
malignancy (hyperchromacia, mitotic figure, and pleomorphism) altered with
focal areas of necrosis.

Fig.6: Gp.2 tumor Gp. demonstrated the high mitotic index of anaplastic cells.

Group 3: Treatment with Chemotherapy
and copper nanoparticles

In the testis of chemotherapy and copper
nanoparticles treated group, it was noticed
that they could markedly reduce the sodium
arsenite induced histopathological changes
at which the testis appeared neared to normal
pattern as shown in (Fig.7, 8, 9 and 10) in
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which the active spermatogenesis was
increased in most of seminiferous tubules
but the lumen still free of spermatozoa in
some seminiferous tubules as well as
restoration of germinal epithelium with only
few not intact spaces. The interstitial edema
was decreased and histology showed
minimal injury of testicular tissue.



Assiut Veterinary Medical Journal Assiut Vet. Med. J. Vol. 66 No. 166 July 2020, 73-84

T i ..."‘ c - ‘m ‘-. - /_- P
Fig.7: Testis of Gp. 3 treated mice showing well organized seminiferous tubules with
spermatogenic cycle.
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Fig.8: Testis of Gp. 3 treated group showing restored spermatogenic cycle with presence of
spermatozoa in the lumen of seminiferous tubules.

Fig.9. Testis of Gp.3 treated group showing restoration of spermatogenic series.

Fig.10: Testis bf Gp.3 sho cell layer lumen free of
spermatozoa.
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Group 4 treatment with Chemotherapy spermatogenesis (Fig.11) with presence of
alone spermatid giant cells (Fig.12) and spermatid
In the testis of chemotherapy alone treated coagulum in some seminiferous tubules
group, there was no evidence of anaplastic (Fig.13) in addition to testicular edema (Fig.
cells. The seminiferous tubules showed 14 & 15).

testicular  degeneration with no active

Fig.11: Testis of Gp.4 chemotherapy administrated group showing complete destruction of
spermatogonial cell layers.
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Fig. 12: Testis of Gp.4 chemotherapy alone treated group showing mild testicular
degeneration with accumulation of degenerated spermatid in individual tubules.
Note, presence of spermatid giant cell.
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Fig.13: Testis of Gp.4 chemotherapy administrated group characterized by testicular
degeneration with accumulation of spermatid coagulum in individual tubules.
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Fig.14: Testis of Gp 4 chemotherapy admlnlstrated group showrng interstitial edema in
addition to testicular degeneration.

Fig.15: Testls of Gp.4 chemotherapy admlnrstrated group showing testicular degeneration
and the lumen free of spermatozoa, note interstitial edema.

DISCUSSION

Cancer is a well-known deadly disease that
is caused due to the inability of some
uncontrollably growing cells to die. More
than 100 types of cancer have been
identified till date, classified on the basis of
the type of the initially affected cell (Mostofi
& Sesterhenn, 1998). The more dangerous is
the malignant ones; occurs when a cancerous
cell travel throughout the body by the
circulatory system and destroy healthy
tissues (Cavallaro and Christofori, 1987).
Testicular tumors are the most common
genital neoplasms in male consider the third
type of male tumor after skin and fibrous
tissue tumors (Marko et al., 2014). It
represents more than 90% of male genital
tumors and the highest incidence of all
animal species (North et al., 2009).
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Cancer is treated using a number of
techniques that include surgery,
chemotherapy, radiation, immunotherapy,
gene therapy and hormone therapy (Harris
and Levine, 2005).

Nanoscience nowadays is a fast developing
field focusing on wide application of
different nanomaterials (Ahmad et al., 2003)
is considered to be a solving many problems
in pharmaceutical sciences and having many
potential medical applications (Chen et al.,
2008). Drug-releasing nanoparticles used at
tumor site to sensitize the cancer cells to
chemotherapy in combination with the drug
able to track cancer cell death in vivo. The
molecular level is extremely important for
effective dosing regimens and/or
administering novel therapies or
combinations (National Cancer Inst., 2017).
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In our experimental study, testicular tumor
was found in mice formed large yellowish
white mass with hemorrhagic area due to
sodium arsenite administration.  Testis
converted to solid sheet of undifferentiated
anaplastic cells with focal necrosis (Fig. 1, 3,
4, 5 & 6). Sodium arsenite group showed
reduction in the percentage of seminiferous
epithelium and in proportion and volume of
Leydig cells. Moreover, there was an
increase in the percentage of tunica propria,
lumen, lymphatic space, blood vessels, and
macrophages. These results are similar to a
previous study reported by Grieco et al.
(2008). Sodium arsenite has a suppressive
influence on  spermatogenesis  and
androgenesis in male reproductive system. It
causes testicular toxicity by germ cell
degeneration and inhibits  androgen
production in adult male probably by
affecting pituitary gonadotrophins (Kuladip,
et al., 2006).

Under microscopic examination, the testis of
chemotherapy and copper nanoparticles
treated group, showed active
spermatogenesis in  most seminiferous
tubules as well as restoration of germinal
epithelium with few intact spaces and
minimal injury of testicular tissue (Fig.2, 7,
8, 9 & 10). The combination of the copper
nanoparticles and chemotherapy made the
testis tumor disappear entirely. These results
agreed with Hendrik et al. (2020). Cu NPs
have the potential to overcome current
chemotherapeutic  barriers  in cancer
treatment, because of the nanoscale size and
distinctive bioeffects (Laing et al., 2011).

The results of chemotherapy alone treated
group showed testicular degeneration with
no active spermatogenesis (Fig.11) with
presence of spermatid giant cells (Fig.12)
and spermatid coagulum in  some
seminiferous tubules (Fig.13) in addition to
testicular edema (Fig. 14 & 15). This group
can be attributed result in obvious clinical
signs testicular enlargement in seminiferous
tubules. These results agree with Jong et al.
(2010). Chemotherapy can be an effective
way of treating tumor cells; it can also have
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adverse effects on healthy cells (Carter,
2019).

Finally, we need further studies to establish
a higher testicular tumor in animals.
Nanomaterial will be reduce the toxicity of
chemotherapeutics and increase their
effectiveness. Cu NPs showed promising
anticancer activity against cancer cell. They
are an effective pharmaceutical, biomedical,
and environmental applications for tumor
treatment, also reduce the toxicity and limits
the side effect of chemotherapy for multiple
tumors.
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