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Abstract

Background: Even though the widespread of nanoalumina and their benefits in all fields, its potential impacts on
male reproductive system have limited information.

Objective: The present study was conducted to investigate the testicular dysfunction of nanoalumina and the
protective role of pumpkin seed oil (PSO) against potential adverse impacts induced by alumina nanoparticles
(Al,O3-NPs) in male rat.

Methodology: Al,Os-NPs were administered to the rat orally at a dose of 70 mg/kg body weight once a day for 28
successive days, while pumpkin seed oil was administered to the rat orally at 4 mL/kg b w before administration of
Al,O3-NPs, once a day for 28 successive days. After the administration period, sperm concentration, motility,
morphology, and DNA damage, as biomarkers of reproductive toxic effects, were evaluated using sperm analysis
and comet assays, and histopathological examination of testis was performed. In addition, level of the serum
testosterone hormones were estimated, and the levels of oxidative stress biomarkers that take part in the
reproductive pathologies such as catalase, glutathione, and malondialdehyde were estimated.

Results: The present results revealed that AlL,O3-NPs induced DNA damage in testicular cells, marked
histopathological alterations, and caused a significant elevation in MDA in testicular tissue. There was a significant
decline in GSH and CAT activities. Furthermore, there was a significant decline in serum testosterone level in the
testicular tissue of Al,Os-NP-administered rats. In contrast, pumpkin seed oil co-administration alleviated DNA
damage and improved the histopathological alterations in the testicular tissues. Moreover, pumpkin seed oil co-
administration significantly reduced MDA and improved the antioxidant defenses in testicular tissue.

Conclusion: The current study concluded that Al,Os-NPs caused testicular dysfunction by generating oxidative
injury. Otherwise, PSO co-administration successfully attenuated the adverse impacts of Al,O3-NPs via suppression
of oxidative stress and apoptosis as well as enhancement of the antioxidant defense system.
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Introduction

Alumina nanoparticles (Al;O3-NPs) are among the most
widely used nanoparticle owing to their distinct physical,
thermal, chemical, and biological properties (Arul Pra-
kash, Dushendra Babu, Lavanya, Vidhya, & Devasena,
2011; Shirai, Watanabe, Fuji, & Takahashi, 2009). Al,O3-
NPs are extensively used in many fields of every-day life,
including the modification of polymers, functionalization
of textiles, aerospace, electronics, pharmaceutical and
cosmetics (Bartsch, Saruhan, Schmiicker, & Schneider,
1999; Feng et al., 2015; Zhang et al., 2007), heat transfer
fluids, treatment of wastewater, biosensors (Tarlani,
Isari, Khazraei, & Eslami Moghadam, 2017), biofiltration,
drug delivery (Borbane, Pande, Vibhute, Kendre, &
Dange, 2015), and antigen delivery for immunization
purposes (Beyzay, Zavaran Hosseini, & Soudi, 2017; Frey,
Neutra, & Robey, 1997). This excessive utilization of
Al,O3-NPs makes it widely distributed in our environ-
ment. Aluminum oxide nanoparticles may possibly enter
the food chain and be responsible for toxicity in animals
(Rastogi et al., 2017). NPs have greater toxicity than the
same conventional sized particles; hence, their potential
adverse effects on the health of humans and wildlife
have great concerns (Qin et al.,, 2017; Serra et al., 2019;
Tang et al., 2015).

Several studies have reported that Al,O3-NPs can
cross biological barriers and deposit in different body or-
gans and tissues; however, their accumulation at body
sites can lead to adverse effects, such as genotoxicity
(Balasubramanyam et al., 2009), inflammatory response
(Oesterling et al, 2008), carcinogenicity (Dey et al,
2008), cytotoxicity, ROS generation and mitochondrial
dysfunction (Chen, Yokel, Hennig, & Toborek, 2008),
neurotoxicity (Chen et al., 2008; Li et al., 2009; Prabha-
kar et al, 2012; Shrivastava, Raza, Yadav, Kushwaha, &
Flora, 2014; Zhang et al, 2011), and hepato- and
nephrotoxicity (Morsy, Abou El-Ala, & Ali, 2016a,
2016b, 2016c¢; Shrivastava et al., 2014; Yousef, Mutar, &
Kamel, 2019). Therefore, the potential risks to repro-
ductive health should be investigated, especially in those
who are occupationally exposed to Al,O3-NPs.

Pumpkin seed oil has been widely used not only as ed-
ible oil but also as a nutraceutical. PSO is rich in various
antioxidant vitamins as o- and y-tocopherol,  carotene,
and vitamin E (Stevenson et al., 2007). Ninety-eight per-
cent of pumpkin seed oil constituents are fatty acids
(mainly linoleic acid, oleic acid, palmitic acid, and stearic
acid). In addition, PSO contains also phenolic com-
pounds such as vanillic acid, tyrosol, and vanillin and
high levels of selenium and lutein (Andjelkov, Camp,
Trawka, & Verhe, 2010). Furthermore, it contains squa-
lene which is a carbon organic compound which has
several commercial uses (Nyam, Tan, Lai, Long, & Che
Man, 2009). In addition, it has been shown to contain
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high levels of phytosterols and proteins (Ryan, Galvin,
O’Connor, Maguire, & O'Brien, 2007). Pumpkin seed oil
has many benefits to human health, due to the presence
of all these constituents. Nowadays, it is used in treat-
ment of several diseases as diabetes (Caili, Huan, &
Quanhong, 2006), hypertension, hypercholesterolemia
(Al-Zuhair, Abd el-Fattah, & Abd el Latif, 1997), symp-
tomatic micturition disorders (Fruhwirth & Hermetter,
2007), and arthritis (Fahim, Abd-el Fattah, Agha, & Gad,
1995). Pumpkin has anti-mutagenic activities as reported
by Elfiky, Elelaimy, Hassan, Ibrahim, and Elsayad (2012).

The toxicological impacts of Al,O3-NPs on male re-
productive system have limited information. Therefore,
it is important to assess the possible testicular toxicity
induced by Al,O3-NPs administration and the possible
protective role of pumpkin seed oil in prevention and/or
reduction of toxicity associated with oxidative stress in-
duced by alumina nanoparticle.

Materials and methods

Animals

Twenty adult male Wister rats (Rattus norvegicus; 7—9
weeks old; 180-200 g body weight) were purchased from
the animal house of the Faculty of Veterinary Medicine,
Cairo University, Egypt. Animals were placed in the la-
boratory for a week under the laboratory conditions.
The current study is related to the protocol that was ap-
proved by the Institutional Animal Care and Use Com-
mittee (CU-IACUC) of Cairo University (No. CU/I/F/
61/19).This study was carried out in accordance with the
Guide for the Care and Use of Laboratory Animals 8th
Edition 2011.

Materials

Nanopowder, white, solid Al,O3-NPs (< 50 nm) were ob-
tained from Sigma-Aldrich (St. Louis, MO, USA, prod-
uct number 544833). Characterization of aluminum
oxide nanoparticles was characterized using Transmis-
sion Electron Microscope (HR-TEM, FEL, Tecnia G20);
X-ray diffraction (XRD, PanAnalytical, X pert Pro) was
done in my previous work (not published) which con-
firmed the very thin particles of AI203-NPs (nanopow-
der, < 50 nm).

Pumpkin seed oil (PSO), 100% natural cold pressed
pumpkin seed oil, was obtained from Imtenan Health
Shop, Egypt.

Mouse Negative Control Serum (932B) was obtained
from Sigma-Aldrich.

Experiment design

Seventy milligrams per kilograms body weight of Al,Os-
NPs was suspended in 1-ml distilled water (aqueous sus-
pension) according to Yousef et al. (2019); the suspen-
sions were ultrasonicated before they were orally
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administered to rats to avoid aggregation and provide an
optimum size distribution for dispersed particles. Rats
were randomly designed into four groups that had five
rats each group. Doses were administered once daily via
gastric tube for 28 successive days. Group 1: Control
group, untreated rats. Group 2: Pumpkin Seed Oil
group, rats were administered with 4 ml/kg oil according
to Sayed (2014). Group 3: nanoalumina group. Group 4:
combined group—rats were co-administered with pump-
kin seed oil and Al,O3-NPs aqueous suspension in the
same doses in 2nd and 3rd groups. Rats were sacrificed
under anesthesia using 50 mg/kg of sodium pentobar-
bital. Blood samples were collected for hormonal ana-
lysis (testosterone) from the right ventricle of the rats by
syringe, and the testicular and epididymal tissues were
removed for further assays.

Sperm quality analysis

Concentration, motility, and viability of sperm are the
three parameters used to determine sperm quality. In a
Petri dish containing 2ml phosphate-buffered saline
(PBS) at 37°C, the cauda epididymis was removed and
cut into small portions to prepare sperm suspension.
The method of hemocytometer was used to analyze con-
centration and motility of sperm (WHO, 1999). One
drop of sperm suspensions was mixed with two drops of
1% eosin Y (to determine the viability of the sperm); a
total of 1000 sperms were counted to determine the pro-
portion of malformed sperm.

Comet assay

The alkaline comet assay was carried out according to
the method of Nandhakumar et al. (2011). It was per-
formed using testicular tissue of male rats from all the
experimental groups. The fluorescent microscope (Carl
Zeiss Axioplan with epifluorescence using filter 15
BP546/12, FT580, and LP590) was used to examine the
slides. For each sample, the extent of DNA migration
was determined by capture of simultaneous image and
scoring of 50 cells at magnification x 400 using the
Comet 5 image analysis software developed by Kinetic
Imaging, Ltd. (Liverpool, UK). By using a closed-circuit
digital (CCD) camera, the comet images were captured.

Serum testosterone assay
By using commercial ELISA kits according to Tietz
(1995), serological testosterone hormone was estimated.

Estimation of the markers of oxidative stress and
antioxidants

Tissue homogenate preparation

Testicular tissues of all groups were removed, washed in
0.9% saline, and then dried on filter paper. One hundred
milligrams of tissue was homogenized in 1ml of PBS
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and stored at — 20 °C overnight. The homogenates were
centrifuged at 300 rpm for 15min. Supernatants were
used to evaluate malondialdehyde (MDA) according to
Ohkawa, Ohishi, and Yagi (1979); glutathione (GSH) ac-
cording to Beutler, Duron, and Kelly (1963); and catalase
(CAT) according to the method of Aebi (1984).

Histopathological assay

Testicular tissues were fixed in 10% neutral formalin for
72h. Testicular tissues were dehydrated in alcohol,
cleared in Xylene, and embedded in paraffin wax. Three
to 5-pum sections were cut by microtome. Hematoxylin
and Eosin were used to stain the sections (Bancroft &
Gamble 2008). By using light microscope at magnifica-
tion x 400, the histological changes were investigated.

Immunohistochemistry for caspase-3
Immunohistochemical staining of anti-caspase-3 anti-
bodies was performed with streptavidin-biotin (Duan
et al., 2003). The sections of 3—-5 um thick were incu-
bated with fresh 0.3% hydrogen peroxide in methanol
for 30 min at room temperature. The specimens were
then incubated with anti-caspase-3 antibodies as the pri-
mer antibody at a 1:100 dilution. After the incubation,
the reaction product was visualized with (freshly pre-
pared) diaminobenzidine solution by incubating for 60
min. Finally, sections were counterstained with Mayer’s
hematoxylin, mounted with mounting medium, and ex-
amined with the Olympus BH2 photo-light microscope
(Olympus America Inc., Center Valley, PA, USA). Nega-
tive controls were prepared by substituting normal
mouse serum for each primary antibody.

Statistical analysis

Data were represented as mean * standard error (SE).
Statistical analysis of data was performed using Graph-
Pad Prism 5. Data were analyzed for statistical signifi-
cance by the one-way analysis of variance, followed by
the Tukey’s multiple comparison test. The data at p <
0.05 was considered significant.

Results

Sperm quality analysis

Table 1 presented the parameters of epididymal sperm-
atozoa of Al,O3-NPs and/or PSO groups. PSO group did
not differ significantly from the control in sperm motil-
ity, sperm viability, and abnormal sperm rates. Concen-
tration, motility, and viability of spermatozoa were
significantly low in Al,O3-NP-administrated group com-
pared to the control group. Significant elevation in ab-
normalities was in the Al,O3;-NP-administrated group
compared to the control group as seen in Table 1 and
Fig. 1. Co-administration of PSO significantly alleviated
the decrease in concentration, motility, and viability of
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Table 1 Effect of pumpkin seed oil on the percentage of sperm parameters in rat administrated with Al,O3-NPs

Parameter Experimental groups

Control PSO Al,O3-NPs PSO + Al,O3-NPs
Sperm concentration (X 10° ml™") 79.05 £ 0.3069 80.85 £ 0.3617 40.13 + 0.23942 594 + 0.3109°
Sperm motility (%) 8538 + 04479 86.13 £ 0.225 56.8 + 24782 70.05 + 035717

Sperm viability (% ) 84.18 + 04131

Sperm abnormal forms(%) 6 + 04082

85.85 + 03524 5963 £ 0.23942 69.98 + 0.225P

55 + 0.2887 215 + 064552 12.25 + 0.25°

“Refers to a significant change from the control rat
PRefers to a significant change from the Al203-NP-administrated rat

spermatozoa and significantly lowered the percentage of
abnormal spermatozoa compared to Al,O3;-NP-adminis-
trated group. PSO had a remarkably protective role
against DNA damage caused by Al,O3-NPs.

Comet assay

Figure 2 represented the comet cells in all groups. Ad-
ministration of Al,O3-NPs for 28 days for male rats re-
vealed an elevated DNA amount in the comet tail in
testicular cells. Significant increment (p < .05) in all
comet parameters (% DNA damage, tail length, and tail
moment) in testicular cells of Al,O3;-NP-administrated
rats was compared to control (Table 2). In contrast,
there was a significant decline in the comet parameters
of PSO and Al,0O3-NPs co-administrated rats, thus PSO
alleviating A1203-NPs toxicity.

Effect of PSO and/or Al,O5-NPs on serum levels of
testosterone

Serum levels of testosterone significantly declined (p <
.05) in Al,O3-NP-administrated rats when compared to
control rats. Furthermore, serum testosterone concen-
tration in PSO and Al,O3-NPs co-administrated rats was
significantly elevated (p < .05), compared to Al,O3-NP-
administrated rat (Fig. 3).

Effect of PSO on Al,O5-NP-induced oxidative stress in the
testicular tissue

Al203-NP-administrated rat showed a marked increase
(p < .05) of MDA and a decline in GSH content and
CAT activities in the testicular homogenates, as com-
pared to control rat. PSO-administrated rat revealed a
significant change in the levels of the aforementioned

e

head; (c) coiled tail; (d) detached head; (e) headless sperm. Eosin stain

Fig. 1 Photomicrograph showing sperm morphology from the cauda epididymis of male albino rats. (N) normal sperm; (a) bent head; (b) banana
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Fig. 2 Photomicrographs of comet assay showing (a, b) typical nuclei of undamaged testicular cells of control and PSO groups. ¢ DNA damage
observed as comets that were seen in the Al,O5-NP group and d (PSO + Al,Os-NP) group

oxidative stress markers. Meanwhile, PSO in combin-
ation with Al,O3-NPs reestablished the oxidant/antioxi-
dant balance in the homogenates of the testes of Al,O3-
NP-administered rat (Figs. 4, 5, and 6).

Histopathological examination

Figure 7 showed the photomicrographs of the testes
from the different groups. The seminiferous tubules
with normal structure showed regularly arranged
rows and complete set of germinal epithelium in
both control and pumpkin seed oil groups as seen in
Fig. 7a and b. Otherwise, seminiferous tubules of
Al,O3-NP-administrated rats showed vacuolization
and degenerative and necrotic changes specially in
spermatogonial cell layer and in some areas of the

germinal epithelium as well as interstitial edema and
congestion of blood vessels (Fig. 7c). In PSO and
Al,O3-NP co-administrated rats, amelioration in
histopathological examination was seen in testicular
tissues (Fig. 7d), where examined sections revealed
no histopathological alterations.

Immunohistochemistry for caspase-3

Figure 8 showed the photomicrographs of the testes
from the different groups. The intensity of activated
caspase-3 immunostaining (brown) is predominant on
seminiferous tubules and Leydig cells of Al,O3-NP-ad-
ministrated rats. In PSO and Al,O3-NP co-administrated
rats, the immunostaining was mitigated by PSO.

Table 2 Effect of pumpkin seed oil on the percentage of DNA damage (%DNA), tail length (TL), and tail moment (TM), in the

testicular tissue of rat administrated with Al,O3-NPs

Parameter Experimental groups
Control PSO Al,O3-NPs PSO + Al,O3-NPs
DNA% tail 15.59 + 0.5653 1533 £ 0.2822 3412 + 24912 2293 + 1.257°

Tail length (um) 5.113 +0.3702

Tail moment (um) 1.083 + 0.3346

4.943 + 0.0348
1.031 £ 02924

2431 + 084172 11.01 + 0.3405°

5827 + 047372 2936 + 0.2135°

“Refers to a significant change from the control rat
PRefers to a significant change from the Al203-NP-administrated rat
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Fig. 3 Effect of pumpkin seed oil on serological testosterone level in AL,Os-NP administrated rat. (a) Significant change from the control rat. (b)
Significant change from the AL,Os-NP-administrated rat

Discussion

NPs possess the ability to cross the blood-testis barrier
(BTB) that protects reproductive tissue (Bai et al., 2010;
Gao et al, 2013). Hussein, Ali, Saadeldin, and Ahmed
(2016) reported that many NPs can cross the BTB and
exert their toxic impacts on spermatogenesis. Regarding
accumulation and translocation, the capacity of NPs to
penetrate both the BTB and the blood-brain barrier is
very important (Araujo, Sheppard, Lobenberg, & Kreu-
ter, 1999; Kim et al., 2006).

Lin et al. (2007) showed that SiO2 NPs decreased
sperm count and the sperm mobility rate and signifi-
cantly increased the malformation rate, in the testis of
rat after intraperitoneal injection. Guo et al. (2009, 2010)
observed that TiO2 NPs and/or ZnO NPs significantly
reduced sperm density and motility, and increased
sperm abnormality and germ cell apoptosis in the testis
of male mouse after intraperitoneal injection. Zhou, Yue,
Li, Zhou, and Liu (2019) showed that PbSe-NP adminis-
tration led to reduction in the quantity and quality of

30

25 -

20 -

MDA(nmol/g)
&

10 -
5 -
0 o T
control PSO
N control M PSO

MDA(nmol/g)

a
b
AlL203 PSO+AL203
Groups
AL203 PSO+AL203

Fig. 4 Effect of pumpkin seed oil on lipid peroxidation (MDA level) in testicular tissue of AL,Os-NP administrated rat. (a) Significant change from
the control rat. (b) Significant change from the AL,Os-NP-administrated rat
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Fig. 5 Effect of pumpkin seed oil on the level of glutathione reduced (GSH) in testicular tissue of AL203-NP administrated rat. (a) Significant
change from the control rat. (b) Significant change from the AL203-NP administrated rat

sperm; accumulation of PbSe-NPs caused oxidative
stress, disorder of normal serum sex hormones, endo-
plasmic reticulum, and mitochondria-mediated cell
apoptosis which caused a significant decline in fertility.
Brezina, Yunus, and Zhao (2012) reported that male
infertility can be evaluated by using semen parameters
as concentration, motility, and spermatozoa morphology.
In the current work, reproductive toxicity of Al;O3-NPs
was characterized by a significant decrease in the

concentration and normal morphology of spermatozoa,
significant increase in DNA damage, histopathological
alterations, and increase in intensity of caspase-
3expression. MDA is a lipid peroxidation by-product,
which could indirectly indicate the severity of injured
tissues (Sreelatha, Padma, & Umadevi, 2009; Yu et al,,
2011). To confirm oxidative injury caused by the accu-
mulation of Al,O3-NPs in the testes, MDA levels were
determined. There was a significant increment in

CAT(U/g)
80 -
70 -
“ :
S . :
= -
3 30
20 -
10 -
0 - ‘ T .
control PSO AlL203 PSO+AL203
Groups
N control H PSO AL203 PSO+AL203
Fig. 6 Effect of pumpkin seed oil on the level of catalase (CAT), in testicular tissue of AL,Os-NP administrated rat. (a) Significant change from the
control rat. (b) Significant change from the AL,Os-NP-administrated rat )
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Fig. 7 Photomicrographs of testicular sections of different groups, hematoxylin, and eosin. a, b Testicular sections from control and PSO groups,
respectively, showing normal histological features of seminiferous tubules. ¢ Testicular section from Al,Os-administrated rat showing the
degenerative, vacuolization, and necrotic changes specially in spermatogonial cell layer and in some areas of the germinal epithelium as well as
interstitial edema and congestion of blood vessels (arrows), interstitial edema, (asterisk) d testicular section from the co-administrated group with
PSO and Al,O5 showing an obvious preservation of spermatogenic epithelium in most seminiferous tubules. SZ, spermatozoa, IS, interstitial cells

Fig. 8 Immunohistochemical staining of activated caspase-3 in rat testis. a Testis of control rats. b Testis of PSO-administered rats. ¢ Testis of
Al,Os-administrated rats. The intensity of activated caspase-3 immunostaining(brown color) is pre-dominant on spermatogonia and Leydig cells in
Al,Oz-administered group. d Testis of PSO+ Al,O3 co-administered rats
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testicular MDA when compared with the control group.
Furthermore, the administration of Al203-NPs resulted
in a significant decline in testicular GSH and CAT. It is
suggested that A1203-NPs could decrease the quantity/
quality of sperm through cellular impairment of testicu-
lar tissue, which is caused by the generation of ROS.
These data are in agreement with former results (Morsy
et al, 2016a, 2016b, 2016c¢), administration of Al,Os5-
NPs generates a state of oxidative stress in the brain,
liver, and kidney tissues of rats, shown by lipid peroxida-
tion increment and antioxidant defense system
compromised.

Ema, Kobayashi, Naya, Hanai, and Nakanishi (2010)
indicated that in vitro studies revealed that silver,
aluminum, and molybdenum trioxide NPs injured
spermatogonia stem cells; TiO2 and black carbon nano-
particles (CB NPs) impacted Leydig cell viability, and
gold NPs reduced human sperm motility. Yoshida et al.
(2009) observed that black carbon nanoparticles have
adverse impacts on male reproductive function in mice
characterized by elevated serum testosterone (T) levels
and histological alterations in both the seminiferous tu-
bules and Sertoli cells such as vacuolation and degenera-
tive changes and Leydig cell dysfunction.

Lan and Yang (2012) stated that the Leydig cells se-
crete testosterone, an essential hormone for spermato-
genesis. Leydig and Sertoli cell apoptosis through DNA
damage was reported in vitro after incubation with
ZnONPs (Han et al., 2016) and in vivo after exposure to
AgNPs (Castellini et al., 2014; Layali, Tahmasbpour, &
Jorsaraei, 2016). Lan and Yang (2012) reported that NP
exposure may induce a generalized inflammation in the
host and affect Leydig cells, causing decline in testoster-
one serum levels, which then impaired the integrity of
the BTB. In conformity with former findings (Castellini
et al., 2014; Ema et al,, 2010; Lan & Yang, 2012; Layali
et al,, 2016), administration of Al,O3-NPs caused the re-
duction in serum testosterone level and histological al-
terations such as vacuolation and degenerative changes
in the seminiferous tubules.

In conformity with former work (Guo et al, 2009 &
2010; Zhou et al.,, 2019), administration of Al,O3;-NPs
caused increase in intensity of caspase-3 expression
which is ultimately responsible for the majority of the
cell apoptotic process.

Liu et al. (2016) suggested the reproductive toxicity of
ZnO NPs using a mouse Sertoli cell line (TM-4) and
spermatocyte cell line (GC2-spd) characterized by gener-
ating ROS and DNA lesions in germ cells. ZnO NPs
could exert their toxicity by downregulating the gap
junction protein expression and disrupting the Sertoli
cell mitochondrial outer membrane and cell membrane,
potentially leading to BTB disruption and further
destroying BTB integrity. Furthermore, ROS and the
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cytokine secretion play important roles in BTB disrup-
tion, significant increment in the status of oxidative
stress (i.e., leading to ROS and MDA increment and
GSH decline), and increasing the cytokine (TNF-«)
levels in Sertoli cells.

The induction of sperm abnormalities could be attrib-
uted to oxidative stress and lipid peroxidation (Agarwal
& Saleh, 2002). Plasma membrane of the spermatozoa is
liable to peroxidation due to the high extent of unsatur-
ated fatty acids and low antioxidant capacity. The lipid
peroxidation disrupts the structure of the lipid matrix in
the membrane of spermatozoa, causing the motility loss
and the membrane integrity defects (Vernet, Aitken, &
Drevet, 2004).

Morsy et al. (2016a, 2016b) showed that nanoalumina
injection for male rats induced the oxidative stress
(MDA increment and GSH, and CAT decline) in the
brain, hepatic, and renal tissues, leading to DNA damage
and histopathological alterations.

It is believed that NPs are absorbed in the testis in
their ionic form. Accumulation of Al in the testis can
partially contribute to the toxicity of Al,O3-NPs. Human
and animal exposure to Al-containing products will in-
crease the concentration of this metallic element in their
organs and damage their tissues (including the testicular
tissues). Yousef, Kamel, El-Guendi, and El-Demerdash
(2007) and Guo, Lin, Yeh, and Hsu (2005, b) reported
sperm viability and motility reduction due to the high
levels of Al in spermatozoa and seminal plasma. Sharma
et al. (2003), Guo et al. (2005, b), and Cheraghi, Golkar,
Roshanaei, and Alani (2017) showed accumulation of Al
in testicular tissue, necrosis of spermatocytes/sperma-
tids, and a significant decline in fertility in both male
rats and mice. Al may exert its toxicity in reproductive
system of male through various mechanisms such as
generating oxidative stress, interfering with spermato-
genesis and steroidogenesis, impairing cell signaling,
BTB, and disrupting the endocrine system (Pandey &
Jain, 2013).

This observation could be attributed to the ability of
Al"® and Al,O3-NPs to induce oxidative stress, penetrate
the BTB, generate lipid peroxidation, and ultimately in-
jure the testis biological membrane. The low sperm
count, motility, and viability, as well as the high morpho-
logical abnormality, DNA damage, and histological alter-
ations shown in Al,O3-NP-administered rats, confirm
the previous findings.

Pumpkin seed oil is known to increase membrane flu-
idity and osmosis and allows for intracellular and extra-
cellular gaseous exchange, attributed to the presence of
linoleic acid, a polyunsaturated fatty acid (Lovejoy,
2002). In addition, pumpkin diminishes the ability of the
testes and epididymis to lipid peroxidation due to the
presence of oleic acid, a monounsaturated fatty acid
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(Bourre, Dumont, & Durand, 2004; Lovejoy, 2002).
Pumpkin seed oil possesses some fundamental constitu-
ents (vitamin A, tannins, linoleic acid, oleic acid, and al-
kaloids) which inhibit lipid peroxidation, hence,
attenuating testicular function (Akintayo, 1997; Bensous-
san, Morales, & Hermo, 1998; Leat, Northrop, Harrison,
& Cox, 1983). From the present data, it can be suggested
that pumpkin seed oil may be used as antioxidant
against testicular toxicity which might be induced by
Al,O3-NPs administration. Akang, Oremosu, Dosumu,
Noronha, and Okanlawon (2010) demonstrated that
pumpkin seed oil attenuated semen parameters and tes-
ticular histopathology. Nkang, Omokaro, Egbe, and
Amanke (2003) reported that PSO contains a natural,
potent-free radical quencher, singlet scavenger and lipid
antioxidant, vitamin A, B-carotene, and tannins. Fukuchi
et al. (2004) and Salman, Olayaki, and Oyeyemi (2008)
reported that vitamin A reduces the capability of the
testis to lipid peroxidation, hence, improves spermato-
genesis; this elucidates the increase in sperm concentra-
tion in the pumpkin-administrated groups. Phenolic
compounds, vitamins, and zinc in pumpkin are neutral-
izing free radical generation by its antioxidant action
(Amara et al, 2008; Morakinyo, Achema, & Adegoke,
2010(. Akang et al. (2010) demonstrated that pumpkin
seed oil attenuated semen parameter level of testoster-
one hormone in male rats, has a prophylactic effect on
alcohol-induced testicular injury, and has ameliorated
semen quality.

Conclusion

According to the current data, it could be concluded
that PSO exhibits its protective role by inhibiting cellular
damage and apoptosis occurring as a result of oxidative
stress in the spermatogenic cells of seminiferous tubules
and Leydig cells induced by the administration of Al,O3
nanoparticles.
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