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ABSTRACT

Introduction: Although aluminum oxide nanoparticles (Al1203-NPs) are widely used, their possible hazards on male
reproduction are not fully studied. Overproduction of oxidant species is the main mechanism of AI203-NPs induced
histological changes in many organs. Grape seed proanthocyanidin extract (GSPE) is a powerful antioxidant compound, which
might alleviate these effects.

Aim of the Work: To assess the histological and biochemical changes induced by A1203-NPs on adult rat seminiferous
tubules and the probable role of proanthocyanidin in attenuating these changes.

Materials and Methods: 24 adult male albino rats were divided into 4 equal groups: group I (Control group), group II received
oral GSPE at a dose of 100 mg/kg/day, group III received 70 mg/kg/day of A1203-NPs orally, and group IV co-administrated
GSPE and AI203-NPs at the same doses as in groups II and III. The rats were sacrificed after 28 days, blood samples were
obtained for biochemical analysis. Semen samples were taken to measure sperm count and motile sperm percent. The testes
were weighed and then processed for light and electron microscopic examination and calculation of Johnsen score. Statistical
analyses of the obtained data were performed.

Results: A1203-NPs induced vacuolations and decline in the number of the lining cells of the seminiferous tubules. Degenerated
and exfoliated spermatogenic cells were found together with abnormal sperm heads and tails. Additionally, disrupted blood
testis barrier and Sertoli cells degenerative changes were seen. A statistically significant reduction in the levels of serum
testosterone, antioxidant markers, Johnsen score, sperm parameters together with a statistically significant elevation in the
oxidant profiles were noticed. Concomitant administration of GSPE with A1203-NPs resulted in improvement in the structure
of the testis with restoration of nearly normal level of testosterone, antioxidant capacity and semen analysis.

Conclusion: GSPE ameliorates the testicular histochemical changes induced by the A1203-NPs. Public awareness of GSPE
importance is essential.
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INTRODUCTION

Nanotechnology is now a rapidly-developing science
which deals with and manages particles measured in
nanoscalel!l. Tt is a multidisciplinary field engaging many
other specialties including cell biology, molecular biology,
physics, medicine and engineering®. Owing to the small
size of the nanoparticles (NPs), their application is booming
in different medical and industrial fields®!.

Recently, huge advances are achieved in the preparation
of the NPs in order to improve their properties*°! such as
bioavailability!®, biocompatibility”), agglomeration®and
dispersion®. The main concern is to provide novel and
more safety applications of these particles in many fields
including biomedicine!'®', Several uses of NPs are applied
in medicine especially in the delivery of chemotherapeutic
agents, antibiotics, antiviral drugs™ and even vaccines!®.
Additionally, they are being used in polymer coating!,
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diagnostic imaging!®, phototherapy in cancer treatment™
and as a catalyst in many reactions!'?.

Aluminum Oxide Nanoparticles (Al203-NPs) are
considered nowadays one of the metal oxide nanoparticles
(MONPs) that are most commonly used worldwide.
Due to their distinct physiochemical properties, they
are considered to be superb NPs in manufactures!!>!3,
Commercially, they stand among the two market leaders
of nanomaterials in USA!. They are extensively utilized
in industries as carriers to improve the drug solubility!!,
in adjustment of polymers, ceramics industries, fabrication
of textiles'®), aerospace, electronics like production of
electrical pieces and batteries!'”), in cosmetics and water
treatment!'®.

The inevitable exposure to A1203-NPs has been greatly
raised which creates a hot debate about their impact on the
human health. Recently, it has been found that MONPs
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can permeate biological barriers like the blood-brain
barrier and blood—testis barrier causing diverse adverse
effects!'”?%. Moreover, many researchers studied the effect
of AL203-NPs exposure during pregnancy and stated that
neurotoxicity was found in the offsprings of the exposed
pregnant mice. In this context, the particles were detected
in many organs such as kidney, liver and brain, ultimately
leading to genotoxicity both in vivo and in vitro?"-?,

Over the past few decades, human infertility in male
was considered a progressively increasing problem!?),
which incriminates the environmental exposure to toxic
pollution®*l. Additionally, the testis is one of the organs
that are more prone to environmental hazards including
chemical toxins, pollution or even NPs!**26],

Among the underlying mechanisms of AL203-NPs
toxicity is the increasing level of reactive oxygen species,
release of inflammatory mediators and eventually cell
death. The main cellular targets of alumina are the nucleus
and mitochondria. Broadly speaking, these NPs can induce
mutation in DNA as well as sever mitochondrial damage®®”.

Owing to The unhealthy life style of the population
in the last years especially in the developing countries,
many health problems started to get more attention by the
scientists. Public health education of the risk factors and
causes of the diseases is essential in forestalling them.
People are now interested in the search for a healthy diet in
order to improve their physical and mental health status??®.

The grape vine is a vital plant globally used because
of its beneficial effects on health. Several biologically
active compounds are nominated within the plant seeds!?’!.
Proanthocyanidins (PACs) are considered the main natural
product of grape seed extract, consisting of polyphenolic
bioflavonoids!?°,

It is well known that grape seed proanthcyanidin
extract (GSPE) has a positive impact on human health
due to its antioxidant, antiapoptotic and anti-inflammatory
effects. These properties were emphasized while studying
its role in the course of many chronic diseases as cancer,
diabetes mellitus, obesity and cardiovascular diseases?*%3!1,
Moreover, GSPE possesses antiviral, antibacterial
effectsP>%31 as well as a potential preventive effect on
human colon dysfunction®!.

The protective effect of GSPE is elicited by its ability
to regulate the level of cell oxidative stress, to maintain
the balance between oxidants and antioxidants, and to
minimize the secretion of inflammatory cytokinest*+*!.

To the best of our knowledge, no previous researches
were done to study the toxicity of AL203-NPs on rats’
testes at the ultrastructure level. Thus, the current research
was conducted to study the potential toxic effect of
AL203-NPs on rat seminiferous tubules, histologically
(at the light and ultrastructural levels) and biochemically,
and to investigate the possible alleviation of the structural
and the biochemical changes by the natural grape seed
proanthocyanidin extract.

MATERIALS AND METHODS

Chemicals

AI203-NPs (< 50 nm) white, solid nanopowder was
obtained from Nanotech Company, Egypt.

Grape seed proanthocyanidin extract: was purchased,
as a powder, from Sigma Chemical Company (St. Louis,
MO, USA).

Characterization of AI203-NPs
Transmission electron microscopy (TEM)

TEM [(Jeol 1400 plus, Tokyo, Japan) at the Faculty
of Science, University of Alexandria] was used for
visualization of the NPs and measuring their sizes. A small
drop of A1203-NPs was placed onto TEM grids, covered
with carbon film and was left few hours in order to dry
before examining the NPs morphology and measuring
their sizes. Digital micrographs of different localities on
the grid were obtained?®!.

Zeta potential measurement

Sample of AI203-NPs was diluted in distilled water.
The zeta potential was analyzed using a Nano Zetasizer
particle analyzer (nanoseries, Malvern, UK) using the
manufacturer provided software!!37),

Animal grouping and experimental design
Animal treatment

The study was conducted at the animal house of
Physiology Department, Alexandria Faculty of Medicine.
Twenty four adult male albino rats weighing 150-200 g
were used in this experiment. The animals were kept under
standard conditions, with free access to water and standard
rat food and in a controlled temperature, humidity and 12
hours light/dark cycle. All procedures were approved by
the Alexandria University Faculty of Medicine's Local
Medical Ethics Committee, IRB number 00012098, and
conform to the criteria of animal care in the “Guide for the
Care and Use of Laboratory Animals”.

Acclimatization of the animals to the new environment
was done, a week before the experiment. Rats were divided
into 4 equal groups each included six rats as follows:

Group I (control group): received Img/kg normal
saline.

Group II (GSPE group): received GSPE (100 mg/kg/d)
dissolved in normal saline. In order to obtain a solution
concentration of 10 mg/ml, an amount of 100 mg GSPE
was dissolved in 10 mL normal saline. The oral dose of
GSPE was determined based on the minimal effective dose
in similar studies in animals®® and on the recommended
dose for GSE supplementation in humans?**’.

Group IIT (AI203-NPs group): received 70 mg/kg/d
AI203-NPs suspended in 1 ml distilled water (aqueous
suspension)%l,
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To avoid agglomeration and obtain an efficient size
distribution, the suspending solution was ultrasonicated
before its oral administration to rats®7”.

Group IV (AI203-NPs+GSPE group): the animals
were co-administrated GSPE and AI203-NPs aqueous
suspensions at the same doses as in groups 2 and 3.

In all four groups, oral gavage was used to provide
treatment on a daily basis for 28 days.

Sampling

Twenty-four hours after the end of the 28 days, all the
rats received 1.9% inhaled diethyl ether (0.08 ml/liter of
the container volume)™*!l. For biochemical studies, blood
samples were taken from the retro-orbital venous plexus
of all rats and were left to clot. Centrifugation of the
samples at 1000 xg for 15 minutes was done, sera were
separated and stored at -20 oC. Rats were sacrificed, the
epididymides were removed and processed for sperm count
and motile sperm percent. The right and left testes were
excised; their weights were recorded and then processed
for histological study (light and electron microscopic
examination respectively).

Biochemical analysis
Measuring of Serum Testosterone

Sera and reagents were brought down at room
temperature on the time of the assay. Enzyme-linked
immunosorbent assay (ELISA) kit (Abbott, Vienna,
Austria.) was used for the quantitative measurement
of plasma testosterone!*”. Measured testosterone was
expressed in ng/mL.

The oxidant markers

Serum malondialdehyde (MDA)

One of the product of lipid peroxidation; MDA was
measured in serum as an oxidative stress marker, using the
MDA colorimetric assay by a Humalyzer junior photometer
(Human diagnostics, Wiesbaden, Germany). MDA in
the samples reacts with thiobarbituric acid (TBA) giving
pink thiobarbituric acid reactive products (TBARPs) that
can easily be quantified colorimetrically with a maximum
absorbance at 532 nm/*l.

Serum lactate dehydrogenase (LDH)

LDH is an oxidoreductase that increases in serum during
oxidative stress*!l. Total LDH activity was determined
using LDH (EC 1.1.1.27) colorimetric assay (abcam,
MA, USA) following the manufacturer’s instructions.
Absorbance was measured at 450 nm.

The antioxidant markers
Serum superoxide dismutase (SOD)

SOD is an antioxidant enzyme that inhibits the
reduction of nitro blue tetrazolium (nitroBT) in the
presence of riboflavin. The absorbance of color is
spectrophotometrically measured at 560 nm!*), The activity
of SOD was determined as U/ml.

Serum total antioxidant capacity (TAC)

TAC was determined using a colourimetric method
by commercially available kit (Biodiagnostic Company,
Egypt)*®l. Results were expressed as mM/L.

Sperm count and motile sperm percent

The epididymides of each rat were obtained, minced
thoroughly in 1 mL phosphate buffered saline (PBS) at pH
7.2 and filtered through a mesh. 0.05 mL from the filtrate
was diluted with PBS 1:40 and introduced to the Neubauer
counting chamber. The number of sperm and motile sperm
in eight squares (Imm2 each) was counted and multiplied
by 5x104 to determine the total sperm count and percent of
motile sperm per epididymis”.

Histological study
Light microscopic study and Johnsen score

The right testis was fixed in Bouin’s solution for 24
hours, followed by fixation in 10% formol saline and
prepared to obtain 5 pum thick paraffin sections to be
stained with hematoxylin and eosin stains*l. By using
Johnsen score for rats, the seminiferous tubules were
evaluated. All tubules in one section were examined and
given a score from one to 10 according to the degree of
germ cell maturity (a score of 10 indicates maximum
spermatogenesis activity, whereas a score of 1 indicates
complete absence of germ cells). Then, the mean score was
calculated by dividing the sum of scores by the number of
the tubules examined“).

Electron microscopic study

Each rat's left testis was promptly sliced into small
pieces (about 1x1 mm3) and fixed in 3% gluteraldehyde
buffered with 0.1 M phosphate buffer at pH 7.4. They
were then post fixed in 1% osmium tetra oxide in the same
buffer. Processing of the specimens was done and ultrathin
sections were obtained and stained with uranyl acetate and
lead citrate® and examined with TEM (Jeol 1400 plus,
Tokyo, Japan) at the Faculty of Science, University of
Alexandria.

Statistical analysis

Data (including serum testosterone, oxidants and
antioxidant markers, semen parameters, testicular weight
and Johnsen score) were calculated using a statistical
software application and expressed as a mean + SD.
Statistical analysis was conducted using ANOVA and the
post-hoc test for pair wise comparison. P value < 0.05 was
considered a value of significance.

RESULTS

Characterization of the AI203-NPs

TEM examination of AI203-NPs showed that their
sizes ranged from 7.31-12.43 nm (Figure 1). The zeta
potential of AI203-NPs was -44.75 mV.

1514



Nabil et. al.,

Testicular weight

On measuring the weight of the testes at the end of
the experiment, no statistically significant difference was
detected in the all experimental groups (Figure 2A).

Biochemical study
Serum testosterone

No statistically significant difference in the hormonal
assay was found in groups I, I & IV. On the other hand,
a statistically significant reduction in the level of serum
testosterone was found in group III that received AL203-
NPs in comparison with the other experimental groups
(» <0.001) (Figure 2B).

The oxidant markers

By measuring the serum levels of MDA and LDH,
statistically significant higher levels of these markers
were detected in group III in comparison to the other
three experimental groups (p < 0.001) which showed no
statistical difference among them (Figures 3 A,B).

The antioxidant markers

The serum levels of SOD showed statistically significant
higher levels in groups I, II and IV in comparison with
group III (p <0.001) that depicted statistically significant
lower levels of this marker. In comparing groups I, 11, and
IV, no statistically significant differences were observed
among them (Figure 3C).

Meanwhile, the serum level of TAC revealed statistically
insignificant difference in groups I and II. A statistically
significant lower level of serum TAC was detected in
group III which received AL203-NPs in comparison to
groups I and II. Administration of GSPE with AL203-NPs
in group IV resulted in an increase in the serum level of
this marker but this elevation was statistically insignificant
in comparison with the other experimental groups
(Figure 3D).

Sperm count and motile sperm percent

In comparing groups I, II and IV, a normal sperm count
was detected with no statistically significant difference
among them. AL203-NPs group (group III) showed a
statistically significant reduction in the sperm count in
comparison with all other groups (p <0.001) (Figure 4A).

There was no statistically significant difference in
the percentage of motile sperm between groups I and
II. On the other hand, a statistically significant increase
in the motile sperm percent was observed in group IV
in comparison to group III (p < 0.001), although this
increase was significantly lower than groups I and II (p <
0.001). Group III depicted a statistically significant lower
motile sperm percent than all other experimental groups
(p <0.001) (Figure 4B).

Histological changes
Johnsen score

A statistically significant lower Johnsen score was
detected in group III compared to all other groups (p <
0.001) that showed no statistically significant differences
between them (Figure 4C).

LM examination

Group I (Control group): Light microscopic
examination of the control group showed multiple
seminiferous tubules separated by a narrow interstitium.
Each tubule was lined by Sertoli cells as well as
spermatogenic cells. Sertoli cells could be distinguished by
their large and pale nuclei. The most basal spermatogenic
cells; spermatogonia, displayed rounded or oval nuclei.
Primary spermatocytes showed large nuclei with their
characteristic chromatin condensation. Early spermatids
were the most apical cells with rounded nuclei. Numerous
spermatozoa were filling the tubular lumen. Myoid cells
with flat nuclei were seen surrounding the basal lamina
(Figure 5A).

Group II (GSPE group): The seminiferous tubules of
this group revealed normal structure regarding Sertoli and
spermatogenic cells (Figure 5B).

Group III (AL203-NPs group): The histologic
alterations in the seminiferous tubules and their lining cells
in this group were quite obvious. Distortion of the normal
architecture and irregularity of the tubules together with
reduction in the number of the lining cells were noticed.
Degenerating and exfoliated spermatogenic cells were
encountered. Cellular changes in the form of cytoplasmic
vacuolations as well as dark and small nuclei were
observed. (Figures 6A-D).

Group IV (AL203-NPs + GSPE): Examination of
this group showed apparently normal Sertoli cells as well
as spermatogenic cells, although some histological changes
appeared in few spermatogenic cells in the form of mild
vacuolations and pyknotic nuclei (Figures 7 A,B).

EM examination

Group I (Control group): Ultrastructural examination
of the seminiferous tubules showed a Sertoli cell with a
large euchromatic nucleus with prominent nucleolus and
multiple mitochondria. Two types of spermatogonia were
depicted: type A spermatogonia with its ovoid nucleus and
granular chromatin, and type B spermatogonia with their
rounded nuclei and a peripheral condensed chromatin. An
intact blood testis barrier (BTB) was observed above the
level of the spermatogonia. The primary spermatocytes
were noticed with their rounded nuclei and mitochondria.
The early spermatids were recognized by their rounded
euchromatic nuclei covered by the acrosomal cap and
peripherally situated mitochondria. The sperm tail with its
characteristic pieces were encountered in the lumen of the
seminiferous tubules (Figures 8 A-F).
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Group II (GSPE group): Examination of the rat
seminiferous tubules of this group revealed normal Sertoli
cells as well as spermatogenic cells (Figures 9A-D).

Group III (AL203-NPs group): The seminiferous
tubules of this group depicted significant ultrastructural
changes  affecting  Sertoli ~and  spermatogenic
cells. Sertoli cells showed shrunken nucleus with
chromatin disintegration, multiple vacuolations and
rarified cytoplasm together with disrupted BTB. The
spermatogenic cells revealed cytoplasmic and nuclear
changes. Multiple cytoplasmic vacuolations were noticed.
Nuclear changes in the form of degenerating nuclei, dilated

perinuclear cisternae and ruptured nuclear envelope were
all encountered. Abnormal heads and tails of the late
spermatids were found. Middle pieces of the sperm tail with
distorted dense fibers and mitochondrial sheath, principal
pieces with interrupted circumferential ribs and end pieces
with vacuolations were observed (Figures 10A-H).

Group IV (AL203-NPs + GSPE group): The
rat testis of this group revealed apparently normal
seminiferous tubules with their lining cells. Some foci of
structural changes were depicted such as mild cytoplasmic

Fig. 1: TEM micrograph shows AL203-NPs with diameter size 7.31-12.43 nm. Mic. Mag.x100.000.
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Fig. 5A-B: Photomicrographs of rat testis; A) Control group (group I), B) GSPE group (group II) showing parts of adjacent seminiferous tubules (ST)
separated by a narrow interstitium. Each tubule is lined by Sertoli cells (S), spermatogonia (Sg),primary spermatocytes (PS) and early spermatids (Sd).Multiple
spermatozoa (1) are seen filling the lumen of ST. Peritubular myoid cells (M) are also noticed. Mic. Mag. X400.

Fig. 6A-D: Photomicrographs of rat testis (group III) which received AL203-NPs showing evident histological changes: A) reduction in the number of
the lining cells of the ST, some of these cells are vacuolated (V) while others depict dark nuclei (*). B) Degenerating spermatogenic cells (1), cells with
vacuolations (V) and others with small and dark nuclei (*). C) Distortion of the normal architecture of the ST with irregular outline, degenerating spermatogenic
cells (1) and exfoliated cells (). D) Muliple vacuolations (*) in the ST together with congestion of the blood capillaries (bc). Mic. Mag. x400.
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Fig. 7A-B: Photomicrographs of rat ST (group IV) that received AL203-NPs and GSPE showing: A) Apparently normal ST with normal lining cells; Sertoli
cell (S), spermatogonium (Sg), primary spermatocytes (PS) and early spermatids (Sd). B) Few spermatogenic cells depict vacuolations (*), while others exhibit
pyknotic nuclei (1). Mic. Mag. x400.

Fig. 8A-F: Electron micrographs of control rat testis (group I) revealing: A) Sertoli cell (S) with a large euchromatic nucleus (N) and a prominent nucleolus
(Nu), mS; mitochondria of Sertoli cell, PS; part of a primary spermatocyte above an intact blood testis barrier (11),mP: mitochondria of primary spermatocytes.
B) Type A spermatogonium (SgA) shows an ovoid euchromatic nucleus (N) with finely granular chromatin, (11); a blood testis barrier, (PS); a part of a primary
spermatocyte. C) Two adjacent type B spermatogonia (SgB) with rounded nuclei (N) and condensed chromatin along the nuclear envelope, (11) an intact blood
testis barrier, (PS); a part of a primary spermatocyte. D) Two primary spermatocytes (PS) with large rounded nuclei (N) and multiple mitochondria (mP). E)
Four adjacent early spermatids (Sd) depict euchromatic nuclei (N) and multiple peripheral mitochondria (md), an acrosomal cap (1) is noticed, (") a residual
body. F) Multiple cut sections through sperm tails: middle piece (MP), principal piece (PP) and end piece (EP). Mic. Mag. A&C) x3000, B&D) x2500, E)
x2000, F) x10.000.
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Fig. 9A-D: Electron micrographs of rat seminiferous tubules (group II) that received GSPE showing normal Sertoli cell and spermatogenic cells: A) Sertoli
cell (S) with a large irregular nucleus (N), a prominent nucleolus (Nu) and mitochondria (mS), type B spermatogonium (SgB) below a blood testis barrier (11)
and part of a primary spermatocyte (PS) are observed. B) Two adjacent primary spermatocytes (PS) with rounded nuclei (N) and mitochondria (mP). C) Two
adjacent early spermatids (Sd) with acrosomal caps (1), md; mitochondria. D) Sections through the sperm tails: principal pieces (PP), end pieces (EP) and
middle pieces (MP). Mic. Mag. A&C) x2000, B) x2500, D) x10.000.
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Fig. 10A-H: Electron micrographs of rat testis (group III) received AL203-NPs showing evident ultrastructural changes in Sertoli cells as well as the
spermatogenic cells: A) Loss of the normal cellular appearance of the ST with numerous vacuoles (V), degenerating nuclei (N) together with disrupted blood
testis barrier (1) and multiple lysosomes (L). B) Sertoli cell (S) with shrunken nucleus (N) and disintegrated chromatin, multiple vacuolations (V), area of
rarified cytoplasm (*) and disrupted blood testis barrier (11) are noticed. C) A primary spermatocyte (PS) depicts dilated and vacuolated perinuclear cisterna
(1), rarified cytoplasm (*) of Sertoli cell (S). D) An early spermatid (Sd) showing ruptured nuclear envelope (*). E) Multiple vacuolations (V) are depicted
in the cytoplasm of another early spermatid (Sd). F) Abnormal heads of late spermatids (blue ) with irregular distorted acrosomes (black *) and vacuolated
disrupted mitochondrial sheath (7). G) Middle pieces (MP) of the sperm tail with distorted outer dense fibers (*) and irregularly arranged mitochondrial sheath
(1). H) Principal pieces (PP) with disrupted circumferential ribs (), an end piece (EP) with vacuolation (V). Mic. Mag. A,B&E) x2500, C&D) x3000, F) x4000,
G) x8000, H) x15.000.
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Fig. 11A-F: Electron micrographs of rat ST (group IV) that received AL203-NPs and GSPE depict apparently normal Sertoli cells and spermatogenic cells:
A) Sertoli cell (S) with a large euchromatic nucleus (N) and multiple mitochondria (mS), some vacuolations (V) are still depicted. B)Two adjacent type
A spermatogonia (SgA) lying directly on the basal lamina, two type B spermatogonia (SgB), a part of Sertoli cell (S) and a part of primary spermatocyte
(PS), an intact blood testis barrier (1) appears, mild cytoplasmic vacuolations (V) are encountered. C) Type B spermatogonium (SgB), mg; mitochondria of
spermatogonia. D) A primary spermatocyte (PS) with a rounded nucleus (N) and mitochondria (mP). E) An early spermatid (Sd) with an acrosomal cap (1). F)
Multiple cut sections of sperm tails; principal pieces (PP), end pieces (EP), middle piece (MP) inside the inset. Mic. Mag. A&D) x3000, B) x2000, C) x4000,

E) x2500, F) x12.000, inset x15000.

DISCUSSION

Throughout the last years, nanoparticles (NPs) have
gained wide interest all over the world owing to their
diverse applications in all industrial fields including
biomedicineP!!. Metal oxide nanoparticles (MONPs) are
booming along the last decades due to their small sizes
which facilitate their permeation into the versatile body
cellsB?. Despite the enormous advantages of these small
sized particles, many toxic potential effects on human
health have been raised®. NPs disseminate through
the blood circulation and accumulate in many organs
including liver, kidney, brain and reproductive system?*.
Generation of reactive oxygen species (ROS) is considered
the main factor underlying the NPs toxic effectl>>5, It
is well established that the dose, the duration, the size
and other physio-chemicalnproperties of the NPs are the

cornerstones in determining the degree of the particles’
toxicity on the cellular level®”. Among these MONPs,
AL203-NPs exposure has gained more concern due to their
diverse applications™*’., It was found that AL203- NPs
might possibly enter ecosystem during their production,
use or even disposal and hence impact the human health*”!,
Even though, some studies reported that A1203- NPs have
a lesser toxicity than the other MONPs®*¢4 other studies
revealed that the toxicity of AL20O3-NPs is greater than the
nanoparticles of the same sizel?%6%-67),

MONPs have the capacity to cross the BTB that
protects the spermatogenic cells, and accumulate within
the cells. Consequently, spermatogenesis is affected
and the sperm parameters are altered®®). They also exert
negative effects on the interstitial Leydig cells through
interfering with the process of steroidogenesis with
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decline in the level of serum testosterone hormone*”. This
could explain the recorded decrease in the testosterone
level in group III in the present study. Furthermore, the
current study showed that administration of AL203-NPs
led to marked structural changes in the rat seminiferous
tubules with distortion of the normal architecture as well
as degenerative changes affecting both the spermatogenic
and Sertoli cells. Vacuolar formation, rarified cytoplasm
and nuclear changes were all encountered. The BTB was
seen disrupted in this study which reflects the loss of the
Sertoli cell cytoskeleton mainly actin filaments by NPs
intoxication. Moreover, MONPs cause down-regulation of
the tight junction proteins resulting in impairment of this
protective barrier®’", These findings were in accordance
to the results of other researchers who reported distortion
of the seminiferous tubules with detachment as well as
sloughing of the spermatogenic cells within the lumen in
the rats treated with AL203-NPs. Additionally, they found
many spermatogenic cells as well as interstitial Leydig
cells with pyknotic nuclei.

AL203-NPs exert their toxic effect mainly through
disturbance of the normal balance between the oxidants and
antioxidants levelst”!). Normally, ROS generation as a result
of NPs toxicity is overcome by production of antioxidants
which act as scavengers to protect the cellsP'l. Despite this
natural protective response by the body, overproduction
of these oxidants cannot be overwhelmed, with resultant
toxicity of the cells, tissues and organs!. Oxidative
stress leads to lipid peroxidation, DNA degradation and
inflammation”¥. They also alter the expression of genes
that control the mitochondrial functions’. Persistent
stress exerted on the cell, leads to activation of the cellular
adaptive responses with production of the cytochrome
C from the malfunctioned mitochondria resulting in cell
apoptosist®®. In the current work, a significant elevation
of oxidant markers (MDA and LDH) in concomitant with
a dramatic reduction in the antioxidants (TAC and SOD)
were detected in the sera of the rats administrated AL203-
NPs. These changes are suggested to be the leading cause
of the cytoplasmic and nuclear changes observed in
the current study together with a decrease in the sperm
parameters, Johnsen score and serum testosterone.

In accordance with the results of the present work,
other investigators reported similar degenerative
changes occurring in the seminiferous tubules following
administration of AL203-NPs together with marked
reduction in the antioxidant markers and elevation in the
oxidative stress markers’*. AL203-NPs are well known
to have a remarkable genotoxic effect mainly through
induction of ROS which result in DNA damage and
eventually cell death!". The reduction in the antioxidant
power of the cells in AL203-NPs toxicity was attributed
to the production of excess superoxide radicles with
subsequent elevation in hydrogen peroxide level.
Additionally, ROS generation decreases the activities of
the antioxidant enzymes and increases the activities of the
oxidant one in a dose-dependent mannert®,

Reduction inthe percent of the motile sperm was reported
in the current work. It could be explained by generation
of oxidative stress as well as lipid peroxidation”>"®, It
is well known that the sperm plasma membrane is more
susceptible to the oxidant effects owing to its high content
of unsaturated fatty acids together with low antioxidant
protective capacity. Subsequently, disruption of the lipid
components of the plasma membrane will affect its integrity
and eventually loss of the sperm motility and occurrence of
abnormal sperm!”,

The main grape seed extract (GSE); proanthocyanidin
is a natural plant polyphenols, which is a powerful
antioxidant and a free radical scavenger. Its effect is more
pronounced than vitamins E and C which are considered as
potent antioxidants and even superb radical scavenger than
carotenoids like beta carotenel””.

In the present work, concomitant administration of GSE
with AL203-NPs resulted in preservation of the histological
architecture of the seminiferous tubules with a statistically
significant higher sperm parameters, antioxidant enzymes
together with a statistically significant lower MDA and
LDH in the sera. The use of GSE in testicular torsion was
reported to prevent the elevation of MDA, apoptosis and
testicular damage together with improving of Johnsen
scorel’. Additionally, GSE with its powerful antioxidant
effect, alleviated the toxic effect of cadmium induced
testicular damage via attenuating the oxidative stress,
reducing apoptosis as well as inflammationJ.

Nuclear factor E2-related factor 2 (Nrf2) is a
transcription factor that up-regulates the expression of
the antioxidant proteins with a subsequent elevation
in their cellular level. On studying the effect of GSE
on varicocele, the researchers stated that Nrf2 and its
downstream gene HO-1 increased in cases of varicocele
due to oxidative stimulation triggered by damage of the
testis. Meanwhile, administration of GSE activated Nrf2
pathway via a significant up-regulation of Nrf2 and HO-
Iwith resultant attenuation of the oxidative markers and
increase in antioxidant enzymes. However, in their study,
the activation of Nrf2 was reported in all groups that
received GSE even in the absence of varicocele which
means that GSE activates this pathway in the normal and
diseased testes!”.

A statistically significant elevation in the testosterone
level was noticed in the current work after co-administration
of GSE and AL203-NPs in group IV. This elevation was
interpreted by a group of researchers who studied the
role of GSE on cisplatin-induced testicular toxicity. They
found that GSE can revert the inhibitory effect of cisplatin
on interstitial Leydig cells via up-regulation of mRNA
expression of the testosterone synthetase, thus rescued the
down-regulation of testosterone synthesis by increasing
the expression of the essential enzymes responsible for
synthesis of the hormonet®®.,

1523



GRAPE SEEDS ON ALUMINIUM OXIDE TOXICITY OF TESTIS

CONCLUSION

AL203-NPs administration produced a harmful
effect on the histological structure and the biochemical
tests of the seminiferous tubules, emphasizing their
role in male infertility. GSPE exerted a protective effect
on the testicular tissue regarding their structure, sperm
parameters, antioxidant markers and testosterone levels
concluding that GSPE could ameliorate the AL203-NPs
induced testicular changes. Thus, it is recommended to
raise the public awareness of its importance.
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