Faculty of Women for, Arts,
Science, and Education

Journal of

Scientific Research
in Science

Biological Sciences

Volume 40, Issue 2, 2023

ISSN 2356-8372 (Online) \ ISSN 2356-8364 (print) [0

(=]
nlCl



Journal of Scientific Research in Science 2023, 40, (2): 134-152

Contents lists available at EKE
& Journal of Scientific Research in Science
Exypion Knowlacke: Bork Journal homepage: https://jsrs.journals.ekb.eg/
paaall &8 el clis ot e
cientific Publishing Unit

Evaluation of reproductive capacity in adult male rats exposed to silver

nanoparticles and the ameliorative role of lycopene
Somia R. Fouad*, Mai H. El-Dakdoky, Marwa T. Hassan

Department of Zoology, Faculty of Women for Arts, Science and Education, Ain Shams

University, Cairo, Egypt.
Abstract

The present study was aimed to assess reproductive capacity of male albino rats exposed to
silver nanoparticles (AgNPs) and the possible ameliorating role of lycopene (LYC). Twenty
eight male albino rats were divided as follows: group I, received distilled water; group Il
received 100 mg/kg BW AgNPs; group Il received 5 mg/kg BW LYC and group IV received
both AgNPs+LYC at their same dosage. All doses were administrated orally and daily for 60
days. The results showed that AgNPs exposure decreased body weight gain as well as testicular
and epididymal weight, reduced sperm count and induced sperm malformations. Histological
findings revealed histo-morphometric change to the seminiferous tubules in AgNPs group.
Biochemical investigation showed that AgNPs increased MDA level and decreased SOD, GSH
and CAT levels in testicular tissue. Also it increased testicular ALP level and decreased
testicular SDH level. Immuno-histochemical staining showed an increased caspase-3 and TNF-
a expression in AgNPs group. Meanwhile, lycopene co-treated rats showed improvements in
the body weight, testicular and epididymal weight status, sperm characteristics, histological
architecture, oxidative, inflammatory and apoptotic biomarkers.

Keywords: Reproductive toxicity, Silver nanoparticles, Lycopene, male albino rats.
1. Introduction

Infertility has become a worldwide dilemma that raises concerns to the scientific
communities. Assessment of reproductive toxicity is crucial to regulate this health hazard issue
[1].Many toxicants can affect reproductive organs and subsequently impair gametogenesis
process. Recently, a special attention has been paid to the nanoparticles-induced toxicity for
several reasons, their wide applications in consumer products, and their ability to enter
biological systems and pass specialized barriers such as hemato-testicular barrier and blood-
brain barrier [2] and their ability to interfere with the defense mechanisms in reproductive cells,

finally destructing the exposed tissue. Silver nanoparticles (AgNPs) are mostly applied
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nanoparticles in many aspects such as industry and medicine owing to their bactericidal,
viricidal and fungicidal properties [3]. Their wide application raises their environmental release
and subsequent exposure [4]. Several previous studies reported that AgNPs induce testicular
toxicity represented by seminiferous tubules morphometric changes, reduced sperm
concentration and oxidative stress to the testicular tissue [5, 6, 7]. Furthermore, AQNPs have
been shown to trigger inflammatory response leading to apoptosis [8, 9]. Concerning AgNPs
elimination, Antsiferova et al. [10] studied AgNPs accumulation in various tissues and
observed that AgNPs accumulation was more prominent in the testicular tissues.

On the contrary, it is well known that antioxidants exhibit free radicals
scavenging properties. Lycopene, a carotenoid known for its anti-oxidative and anti-
inflammatory capability has been proven to alleviate testicular toxicity induced by
many environmental insults, including cisplatin [11], titanium dioxide nanoparticles
[12], benzo[a]pyrene [13] and diethyl nitrosamine [14]. Lycopene is considered to have

the highest antioxidant potential among carotenoid pigments [15].

Therefore, this study was aimed to investigate the toxic effect of AgNPs on male

reproductive parameters and whether lycopene can attenuate these toxic effects.
2. Materials and Methods:
2.1. Animals and treatment

Twenty-eight Wister strain male albino rats weighing 120+ 20 g from the
Central Animal House of the Medical Research Centre, Faculty of Medicine, Ain
Shams University were used. Standard conditions of temperature (23-25°C) with 12 h
light/12 h dark were kept during the whole experimental period. Rats were categorized
into four groups, each 7 rats in a cage, and allowed to access standard laboratory animal
food and water. Rats’ handling was in accordance to laboratory animal care and use

guidelines at The Medical Research Centre, Ain Shams University.

The four rat groups were treated as follows: group | received distilled water
(control group), group 11 received silver nanoparticles (Sigma-Aldrich Chemicals, St.
Louis, US) 100 mg/kg bodyweight [50] (AgNPs group), group 111 received lycopene
(The Vitamin Shoppe, New Jersey, US) 5 mg/kg bodyweight [58] (LYC group), and
group 1V received LYC and AgNPs of their same dosage (AgNPs+LYC group). All
doses were administered daily by oral gavage for 60 days. Body weight measures were

recorded weekly to evaluate bodyweight gain changes between groups.
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2.2. Sample collection

After two months, rats were dissected under anesthesia of diethyl ether. Right testis and
epididymis were measured separately. Left cauda epididymis from each rat were minced for
sperm collection to evaluate sperm count and morphological changes. Right and left testes were
either stored at -80°C for later biochemical analysis or fixed in 10% formalin for histological

sectioning.
2.3. Sperm concentration and morphology

Left cauda epididymis from each rat were placed in a sterile watch glass containing
physiological saline, minced and incubated to allow sperms to leave the epididymal tubules.
Ten pl of sperm suspension of each rat was placed in Neubauer chamber of Haemocytometer
to evaluate the sperm count using light microscope (20x objective) [59]. The sperms’ head,
neck and tail morphological abnormalities were detected using eosin-stained sperm smears

under light microscope (40% objective) according to the method of Bearden and Fuquay [16].
2.4. Histological evaluation

Left testis from each rat were fixed in formalin (10%), dehydrated in alcohol of
ascending grades, embedded in paraffin wax to obtain tissue blocks, sectioned at 5 pum
thickness, stained with HE stain and examined by light microscope [17]. HE-stained testicular
sections were subjected to morphometry evaluation of seminiferous tubules (STs) diameter and
thickness of STs germinal epithelium thickness in ten microscopic fields of each rat at
magnification of 100 using computer-aided microscopy, based on “Image] program” image

analysis system and statistically analyzed.
2.5. Biochemical assays

A known weight of right testis was homogenized in phosphate buffer solution and
centrifuged (4000 rpm) for 15 minutes then the supernatant was collected for assaying
oxidative stress biomarkers. Levels of malondialdehyde (MDA), activities of superoxide
dismutase (SOD) and catalase (CAT), and reduced glutathione (GSH) content were assayed
[18-21, respectively]. Activity of testicular alkaline phosphatase (ALP) was assayed according
to Belfield and Goldberg [22] and succinate dehydrogenase (SDH) activity was assayed

according to the instructions of manufacture of colorimetric kit from Abcam (ab228560).
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2.6. Immuno-histochemical investigation

Paraffin-embedded testicular sections of thickness of 5 um were subjected to immuno-
detection of caspase-3 and tumor necrosis factor-o (TNF-a). The sections were dewaxed,
microwave oven-heated with citrate buffer for antigen retrieval and incubated with methanol
and hydrogen peroxide to inhibit endogenous peroxidase activity. The sections were then
incubated with horse serum for blocking of non-specific antibody binding and incubated with
either anti-caspase3 rabbit polyclonal primary antibody (Boster Bio, PA1302-1) for caspase 3
detection or anti-TNF alpha mouse monoclonal primary antibody (Abcam, ab220210) for TNF-
a detection. The sections were then incubated with HRP-conjugated anti-rabbit secondary
antibody (Boster Bio, SV0002-1) and exposed to diaminobenzidine (Abcam, ab64238) for
chromogenic detection. Then, sections were rinsed with phosphate buffered saline (PBS),

counterstained with hematoxylin and visualized under light microscope [23].
2.7. Statistical analysis

The obtained data were represented as mean + standard error (SE) using statistical
package for social science software (SPSS, Chicago, IL, version 20). The mean difference
significance between the studied groups was obtained using one-way analysis of variance
(ANOVA test) followed by post hoc test LSD test for pairwise comparison of the means of the
different studied groups [60], with significance level set at p<0.05.

3. Results
3.1. Effect of AgNPs exposure on bodyweight gain and testis and epididymis weight:

After two months of AgNPs daily exposure, the treated rats showed a significant decline
in bodyweight gain as compared with their controls (control group and LYC group). Despite
that, LYC co-treated rat group displayed almost normal weight gain as compared to AgNPs
group (Table 1).

In addition, an observed decrease in testis and epididymis weight was shown in AgNPs
group as compared to its controls, while LYC co-treated group showed a significant increase

(p<0.05) in testis and epididymis weight as compared to AgNPs group (Table 1).
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Table (1): Final bodyweight, bodyweight gain, weight of right testis and right epididymis ()
of Control, LYC, AgNPs and AgNPs+LYC groups.

Groups Control LYC AgNPs AgNPs+LYC
Parameter

Final 182.14+3.06 180.71+4.31 129.57+4.91% | 172.86+5.65"

bodyweight (g)
Bodyweight 63.57+£2.16 65.34+2.86 14.2943.02¢ | 50.72+2.79°

gain (g)

Right testis 1.25+0.03 1.30+0.08 0.81+0.112 1.18+0.04°
weight (g)

Right 0.39+0.03 0.42+0.04 0.27+0.03% 0.34+0.02°
epididymis

weight (g)

Values are represented as mean +SE.
Significance level (p < 0.05).

& Significantly different from control group.
b Significantly different from AgNPs group.

3.2. Effect of AgNPs exposure on sperm concentration and morphology

The present study revealed that AgNPs exposure affect sperm concentration in the
nanoparticles treated group evidenced by such decrease represented in (Table 2) as compared
to their respective controls, while LYC appeared to ameliorate the reduction in sperm

concentration.

Table (2):Epididymal sperm count of Control, LYC, AgNPs and AgNPs+LY C groups.

\G% Control LYC AgNPs AgNPs+LYC

Parameters

Sperm count | 42.14+2.82 | 46.29+3.53 | 22.00+1.85% | 32.86+1.94°
(x10°%

sperm/ml

Values are represented as mean +SE.
Significance level (p < 0.05)

2 Significantly different from control group.
b Significantly different from AgNPs group.
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Moreover, sperm abnormalities were detected in AgNPs intoxicated rats’ group,
represented as detached head, detached tail, coarse tail, looped neck and looped tail (Figure 1),

meanwhile LYC co-treated group showed normal morphology of sperm structures.
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Fig.1: Eosin-stained sperm smears showed normal appearance of sperm structure in control (A)
and LYC (C) groups, sperm abnormalities such as detached head and tail (straight arrows) and
looped neck and bent tail (curved arrows) were detected in AgNPs group (B), while LYC co-

treated group (D) showed normal appearance of sperm morphology.

3.3. Effect of AgNPs on biochemical parameters
3.3.1. Oxidative stress parameters

Testicular homogenate showed a significant elevation (p<0.05) of malondialdehyde
(MDA) in AgNPs treated group as compared to the controls, meanwhile, SOD, CAT and GSH
were significantly decreased (Table 3). On the other hand, testicular homogenate from LYC
co-treated group showed a significant decline in MDA level accompanied by a significant
increase (p<0.05) in the activities of SOD, and CAT and levels of GSH (Table 3).

-139-



Somia R. Fouad et al. J. Sci. Res. Sci., 2023, 40, (2): 134-152

3.3.2. Testicular enzymes

As shown in table (3), testicular homogenate showed a marked elevation of ALP and a
marked decline in SDH activity levels in AgNPs group (p<0.05) as compared to controls, in
contrast, LYC in co-treated group restored the unbalanced enzymes level to normalcy.

Table (3): Levels of malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT),
reduced glutathione (GSH), alkaline phosphatase (ALP) and succinate dehydrogenase (SDH)
in testis homogenate of Control, LYC, AgNPs and AgNPs+LYC groups.

Groups | Control LYC AgNPs AgNPs+LYC
MDA 0.48+0.04 0.40+0.04 6.77+0.43% 1.89+0.29°
(nmol/mg)
SOD 58.07+2.37 49.35+2.60 27.67+2.07% 42.36+2.14°
(mmol/mg)
CAT 1.774£0.24 1.874£0.21 0.61+0.06% 1.22+0.19°
(mmol/mg)
GSH 4.50+0.62 5.81+0.43 1.64+0.282 2.82+0.30P
(mmol/mg)
ALP 28.78+1.56 25.14+2.24 43.46+2.66% 33.95+1.56°
(U/mg)
SDH 38.30+1.73 40.29+1.82 22.55+0.91% 30.00+2.28°
(U/mg)

Values are represented as mean +SE.
Significance level (p < 0.05).

& Significantly different from control group.
b Significantly different from AgNPs group.

3.4. Effect of AgNPs exposure on testicular histology and histometry

Hematoxylin and Eosin (HE) stained testicular sections from AgNPs group exhibited a
degenerative appearance in seminiferous tubules (STs) appeared as: vacuolar formation,
germinal epithelium exfoliation, STs atrophy, congested interstitial spaces and loss of luminal
spermatozoa. Testicular sections from LYC co-treated group showed an inhibitory effect of

LYC against AgNPs-induced histological alterations as it appeared nearly normal (Figure 2).
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Fig.2: H&E testicular cross sections of control (A), AgNPs (B), LYC (C) and AgNPs+LYC
(D) groups. Sections (A) and (C) show normal cellular architecture of seminiferous tubules
(STs), while section (B) shows irregular arrangement of germinal cells, vacuolar degeneration
(black arrow) of STs and interstitial edema. However, LYC co-treatment (section D) partially
restored the normal histological structure of the testis.

Morphometric evaluation of STs have shown a significant decrease of STs diameter
and germinal epithelium thickness (p<0.05) in AgNPs group compared to controls, while LYC
was found to normalize the STs diameter and germinal cell thickness in LYC co-treated group
as shown in table (4).

Table (4): Seminiferous tubules (STs) diameter and germinal epithelium thickness of Control,
LYC, AgNPs and AgNPs+LYC groups.

m\ Control LYC AgNPs AgNPs+LYC

Parameter

STs  diameter | 240.6+3.29 | 252.5+5.24 | 201.4+4.56% | 232.5+3.35P
(um)

Germinal cell | 67.7+0.98 69.9+1.93 | 45+1.842 65.7+1.20°
thickness (um)
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Values are represented as mean +SE.
Significance level (p < 0. 05).

& Significantly different from control group.
b Significantly different from AgNPs group.

3.4. Effect of AgNPs on inflammation and apoptosis

As shown in figure (3), immuno-histochemical detection of TNF-a revealed a strong
positive reaction in AgNPs treated group as compared to the controls, while LYC co-treated
group show mild expression of TNF-a as compared to AgNPs treated group.

In figure (4), caspase-3 immunostaining revealed marked apoptotic activity in AgNPs
administrated group compared to controls, however; LYC co-treated group showed mild

reactivity for caspase-3 compared to AgNPs treated group.

Fig. 3: Immunostaining for TNF-a expression in the testis of control (A), AgNPs (B), LYC (C)
and AgNPs+LYC (D) treated groups. Sections (A) and (C) show low expression of TNF-a,
while AgNPs treated group in section (B) shows strongly positive expression of TNF-a (brown

stain). Meanwhile, section (D) from LY C co-treated group shows mild TNF-a expression.
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Fig. 4: Immunostaining for caspase-3 activity in the testis of control (A), AgNPs (B), LYC (C)
and AgNPs+LYC (D) treated groups. Sections (A) and (C) reveal mild to no caspase-3 activity
while section (B) shows high caspase-3 activity (brown stain). Section (D) shows moderate
activity of caspase-3 in LYC co-treated group.

4. Discussion

The current study revealed a significant decline in rats’ body weight gain upon AgNPs
oral administration, this result may be related to the oxidative damage induced by the
nanoparticles that led to altered physiological processes and subsequent loss of body weight
gain [24, 25]. Meanwhile, lycopene co-treatment prevented the reduction in body weight gain
probably due to its counteract action of alleviating the oxidative damage induced by AgNPs.
In the present study, AgNPs exposure significantly decreased the testes and epididymis weight.
The depression of testicular weight is probably due to spermatogenesis defect which result in
germ cells loss as evidenced by the histological and morphometric evaluation of the testis. The
loss of epididymal weight was most likely due to the decline in spermatozoa production, as
evidenced by low epididymal sperm count as shown in AgNPs group. On the contrary,
lycopene co-treated rats showed no changes in testicular and epididymis weight compared to
the control group. This result can be explained as follows, lycopene as an antioxidant,

prevented the oxidative damage and consecutive organ atrophy.
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Sperm indices are key indicators of spermatogenesis impairment. The present work
demonstrated that AgNPs could reduce sperm concentration and induce sperm morphological
alterations. The same observation was reported in previous studies [6, 26, 27]. According to
Ryu et al. [28], reactive oxygen species (ROS) are able to destroy sperm cell membrane through
lipid peroxidation, since spermatozoa have very high content of unsaturated fatty acids that
make them vulnerable to free radicals attack. Interestingly, in this study lycopene co-treatment
was found to restore sperm count and morphology to almost normalcy. The protective effect

of lycopene may be related to the antioxidant properties and free radical scavenging effect [29].

Histological investigation in the current study showed degenerative and morphometric
changes to the STs of AgNPs exposed rats. Such changes appeared as atrophy of STs
characterized by irregular basement membrane, exfoliated and vacuolated germinal epithelium,
reduced sperm density in STs lumen, tissue edema, increased interstitial tissue width and
presence of congested blood vessels. The STs diameter and their germinal epithelium thickness
were significantly (p<0.05) smaller in AgNPs treated groups. Allying with this result, Ray and
Nath [30] reported that damaged cellular architecture of STs is due to the ability of AgNPs to
pass blood-testis barrier (BTB) and accumulate into STs exerting their adverse effects.
However, lycopene co-administration was found to attenuate such degenerative alterations.
Elsayed et al. [11] returned this ameliorative effect of lycopene to its ability to stabilize cellular

membranes integrity and/or reinforce the regeneration of damaged cells.

To further elucidate the possible mechanisms related to AgNPs induced toxicity,
biochemical studies were worthy to be done. In the present study, AgNPs treated group showed
significant increase in the lipid peroxidation marker (MDA) level, while the cellular antioxidant
enzyme system (SOD, CAT and GSH) levels were significantly decreased. Previous studies
reported the same findings [31, 32, 33], indicating that one of the main mechanisms associated
with AgNPs toxicity is ROS generation that leads to oxidative damage of the cell. According
to Nie et al. [34], silver ions (Ag+) are responsible for AgNPs toxicity, which are released from
the nanoparticles upon cell entry, inducing ROS production. Despite, AgNPs themselves may
exhibit toxic potential depending on the type of their stabilizing coat [35]. Consistently, the
increased cellular uptake of antioxidant enzymes to overcome the increased ROS production
contributes to their observed marked decrease. Also, Tohamy et al. [36] reported lowering in
GSH level and elevation in MDA level after AgNPs intraperitoneal injection. On contrast,
lycopene co-treatment in this study have shown a decrease in MDA level and an increase in

SOD, CAT, GSH compared to AgNPs treated group. The ameliorating effect of lycopene is
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owing to its ROS and free radicals quenching ability [37].The present result is supported by
previous reports mentioned that lycopene had an attenuating effect against the induced

oxidative stress in the testicular tissue [12, 38].

Regarding evaluation of the testicular enzymes in the present study, AgNPs-treated
group showed an elevation in ALP level and a decline in SDH level in testicular homogenate,
while lycopene co-treated group showed a restored normal enzymatic concentration levels.
Few reports from the literature review have been introduced considering testicular ALP. Tice
and Barrnett [39] stated that, ALP has a vital role in material transport from Sertoli cells to the
different germinal cells, germinal epithelium proliferation and differentiation and testicular
metabolism. According to Agu et al. [40], overexpression of ALP occurs when tissues are
impaired. Sharma and Kumar [41] explained that the unutilized ALP increases when
spermatogenesis impairment occurs as evidenced in the present result. Kaur et al. [42]
mentioned that testicular degeneration causes increased activity of ALP that indicates lytic
activity. Restoration of ALP levels achieved by lycopene co-treatment in this study is probably
due to its anti-oxidative efficiency exerted on the spermatogenic cells, protecting the cells from
oxidative damage induced by AgNPs and utilizing the phosphatase enzyme in the
spermatogenesis process. In a previous study on testicular tissue, Tripathy et al. [43] observed
the effect of lycopene to decrease ALP expression level and attributed the protective role of
lycopene to its probability to bind with ALP directly so as to decrease its enzymatic activity or
stabilize the lysosomes so as to diminish ALP release to the cytosol. Supporting to this finding,
Wadie et al. [44] found that lycopene decreased ALP activity in hepatic injured rat models, due

to its membrane-stabilizing activity that prevent its leakage [45,63].

SDH is a marker enzyme of the testicular mitochondria [46] that reflects the
mitochondrial functionality. The obtained result of decreased SDH activity in AgQNPs group is
consistent to mitochondrial dysfunction induced by ROS generation, and indicates that the
energy is not adequate for spermatogenesis and subsequent reduced sperm count [47]. AgNPs
was found to lower SDH level and generate mitochondrial cytotoxicity [48, 61]. Similarly, Lu
et al. [32] reported that AgNPs reduce the activity of respiratory chain complexes including
SDH in zebrafish model.

The present study revealed an increase in SDH activity in lycopene co-treatment group
as compared to AgNPs group. This attenuation achieved by the free radical scavenging effect
of lycopene that prevent mitochondrial damage and attenuate testicular energy metabolism

[62]. Aly et al. [49] reported similar findings and suggested that the mitochondrial protection
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of lycopene is due to the lipophilic nature that facilitate its passing through biological

membranes.

Immuno-histochemical investigation in this study showed that AgNPs induce apoptosis
evidenced by an increase of caspase-3 expression, and induce inflammation through excessive
production of TNF-a in AgNPs group. Altwaijry et al. [50] observed an increase of caspase-3
due to AgNPs exposure and suggested that they can cause apoptosis by damaging DNA

structure.

Wang et al. [51] explained that AgNPs could cause mitochondrial mediated apoptosis
since generated intracellular ROS induced by AgNPs decrease the mitochondrial membrane
potential that trigger apoptosis. However, lycopene co-treatment was shown to decrease the
expression of caspase-3 that reveals an inhibition of apoptosis. Similar observation was also
reported and attributed this effect to the lycopene antioxidant capability [11, 12, 38].

Oxidative stress is closely linked to inflammation by amplification loop [52].
According to Kim and Ryu [53], nanoparticles being oxidants, lead to expression of cytokines
and TNF-a which in turn contribute to ROS generation. Nosrati et al. [54] mentioned that
upregulation of TNF-o is because of increased infiltrated leukocytes, which indicate
inflammatory response following an oxidative stress event. Increased TNF-a expression upon
AgNPs exposure was also reported in previous studies [55, 56]. However, lycopene co-
treatment showed a decrease in TNF- a expressions that reveals an inhibition of inflammatory
response and subsequently inhibition of extrinsic induced-apoptosis. Jiang et al. [57] found that
lycopene normalize TNF-o level in prostatic cancer owing to its role in suppressing
inflammatory response. Also, Wadie et al. [44] noticed TNF-a lowering effect of lycopene in

hepatic tissue toxicity.
5. Conclusion

It can be concluded that AgNPs exert adverse effects on male reproductive system expressed
as decrease in testicular and epididymal weight, reduced sperm count, induce oxidative stress
in the spermatogenic cells, affect the testicular enzymes concentration, trigger inflammatory
response and finally induce apoptosis, cumulatively leading to structural and functional
testicular damage. However, uptake of antioxidants such as lycopene can successfully reduce

the potential risks associated with AgNPs exposure.
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