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Abstract. This work examines the effect of three doses of zinc oxide
nanoparticles (ZnONPs), synthetized with Crataegus monogyna leaves using
zinc acetate, on the sperm quality of Wistar rats. Animals were divided into
4 groups; the control group maintained without treatment, while ZNP1,
ZNP2, and ZNP3 received respectively 10 mg ZNP/kgbw, 50 mg ZNP/kgbw,
and 100 mg ZNP/kgbw by gavage for 15 days. Epididymis sperm was
collected for sperm parameters: concentration, live sperm, motility, velocity
(VCL, VSL, and VAP), linearity (LIN), amplitude lateral head (ALH), and beat
cross frequency (BCF). DNA fragmentation was measured in three
samples selected from control, ZNP1, and ZNP2. Testicular and epididymis
malondialdehyde (MDA), glutathione (GSH), and glutathione peroxidase
(GPx) were evaluated. Compared to the control, ZNP1 has a significant
reduction of testicular and epididymis weights, sperm concentration, live
sperm, motility, VCL, VSL, VAP, LIN, and BCF, with a significant increase of
MDA and a significant decrease of GSH levels. The ZNP2 group demonstrated
a significant increase in epididymis weight, a raise in sperm parameters
(concentration, motility, VCL VSL, VAP, LIN, ALH, and BCF), and an
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augmentation in GSH and GPx levels. However, ZNP3 has a significant
increase in VSL and ALH while ZNP1 and ZNP2 showed no effect on
spermatozoa DNA. interestedly, we found that the lower dose of ZNP1 acted
as toxic to testicular and epididymis parameters, while the higher ones may
help to improve sperm quality and reduced oxidative stress.
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Introduction

In recent decades, there has been a remarkable expansion in the
prevalence of several diseases including diabetes, cardiovascular disorders, and
fertility issues (lavicoli and Bergamaschi, 2009; Bergman et al, 2013). According
to the World Health Organization (2001), approximately 90% of male infertility
investigated cases are linked to sperm anomalies. Sperm concentration, vitality,
and motility are considered as important markers of male fertility, along with
DNA fragmentation, which has become a crucial tool in diagnosing genetic
abnormalities. Reactive oxygen species (ROS), as stated by lommiello et al,
(2015), can adversely affect sperm membrane and DNA integrity, leading to
strand breaks and chromatin cross-linking (Agarwal and Sengupta, 2020).

The World Health Organization estimated that 80% of pharmaceutical
drugs based on medicinal plants showed therapeutic efficacy (Prairna et al, 2020).
This opens up a new area of biomedical nanotechnology that focuses on the
study of nanostructure properties derived from plants known for their therapeutic
effects. By exploring and understanding these properties, researchers aim to
detect and target molecules associated with various diseases (Logothetidis,
2012). Many recent investigations showed the uses of plants as nanomaterials’
producers by different methods (Zong et al, 2014; Ramesh and Viruthagiri, 2015).
Biosynthesis of nanostructures is an eco-friendly and a non-toxic process used
as antimicrobial agents, drug delivery, biosensors, imaging contrast agent,
transfection vectors (Vishwakarma, 2013), cosmetics, environment protection
(Hussein et al, 2018; Rasmussen et al, 2010), imaging and identification of
cells, destruction of viruses and cancer cells, and repairing damaged cells (Abo
Alhasan, 2014; Hartung and Mansoori, 2015).

Zinc is known as reparative element to DNA and has a protective effect
against cellular necrosis (Ho, 2004). It stabilizes the suppression gene P53
activity as an apoptosis regulator (Ng et al, 2011). In addition, it plays an
important role in the formation of DNA and RNA synthesis (Chvapil, 1973).
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Many previous findings showed its effect on male reproduction as an antioxidant,
testosterone booster, and spermatogenesis activator (Roy et al, 2013), in which
there was a significant positive correlation between zinc and semen quality
(Vasquez and Arango, 2003). The addition of zinc acetate to plants could produce
zinc oxide nanoparticles (ZnONPs) that are considered as safe and biocompatible
(Raghupathi and Manna, 2011; Rosi and Mirkin, 2005). Thus, humans can be
exposed to this synthetic ZnONPs via skin, inhalation, oral, and intravenous
routes (Elshama and Abdel-Karim, 2018), which easily enter through cell membrane
and could be either cytoprotective or cytotoxic (Espanani et al, 2013). Moreover,
ZnONPs are considered as powerful antioxidants (Shen et al, 2013); as well they
could increase antioxidant enzymes, also it may decrease malondialdehyde
(Elshama and Abdel-Karim, 2018).

Among 280 species of hawthorn (Arya and Thakur, 2012), Crataegus
monogyna is known for its medicinal properties, because it was used to treat
certain diseases as cardiovascular disorder (Chang et al, 2002), heart failure,
and some nervous system troubles (Bechkri et al, 2017). C. monogyna was used
also as food (Giirsoy and Yildiz 2019), as a source of vitamins and phenolic
compounds (Bernatoniene et al, 2009), and oils that make hawthorn as one of
the powerful antioxidant plants (Bahorun et al, 1994). In addition, C. monogyna
was reported to have a protective activity on male fertility against the toxicity of
cyclophosphamide (Shalizar and Malekinejad, 2011) and doxorubicin (Shalizar
and Hasanzadeh, 2013).

Therefore, the objective of this study is to investigate the effect of different
doses of ZnONPs, synthesized from C. monogyna leaves’ extract, on the sperm
quality, sperm DNA fragmentation, and testicular and epididymis oxidative
stress in male Wistar rats.

Materials and methods

Plant preparation

C. monogyna was harvested in November from Annaba area, Northeast
Algeria. Fresh leaves were washed, shade dried, and then 10 ml of distilled water
was added to 10 g of the powdered leaves, mixed in a hitting magnetic stirrer
for 1h at 60°C, and the filtered extract was obtained.

Nanoparticles extraction

5 g of zinc acetate was added to 50 ml of the filtered leaves’ extract, and
then the mixture was stirred for 2h at 95°C. Afterward, the mixture was incubated
in an oven for 2h at 80°C in which a powder of (ZNP) was formed.
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Experimental design

24 male Wistar rats were reared in the animal house at standard conditions
and given water and standard diet ad libitum. Animals were divided into 4
groups; the control group maintained without treatment, the ZNP1 group received
10 mg ZNP/kgbw, the ZNP2 group administrated with 50 mg ZNP/kgbw, and
the ZNP3 group given 100 mg ZNP /kgbw. After 15 days of treatment by gavage,
animals were sacrificed by decapitation. The sperm was immediately collected
from the epididymis for sperm quality test, while testis and epididymis were
weighed and stored for further uses. Animals’ treatments were authorized by the
Ethical Committee of Animal Sciences at the University of Badji Mokhtar-Annaba,
before starting the experimental work.

Semen analysis

Semen analysis was performed with the Computer-Assisted Sperm Analysis
Method (CASA) using Sperm Class Analysis (SCA®, Microptic, Barcelona, Spain).
The epididymal semen was obtained and then, a drop of semen (about 1 ul) was
diluted with a physiological solution of NaCl 0.09%. Afterward, 5 pl of the
mixture was placed in an empty chamber slide (GoldCyto model). The slide was
then placed on a Nikon Eclipse (Nikon E200-LED) microscope using the phase
objective (x4). The sperm markers of concentration, vitality, motility, linearity
(VCL and VSL), velocity (VAP), the amplitude of lateral head displacement (ALH),
and the beat cross frequency (BCF) were automatically calculated.

Vitality analysis

Sperm vitality was assessed by SCA® CASA. Vitality is determined using
BrightVit, a solution derived from nigrosine-eosin (NE), when the entry of eosin
(Vital dye) into cells with dead or compromised membranes, causing them to
appear pink. Meanwhile, live cells retain their natural white coloration. The
inclusion of nigrosin as a background stain enhances the contrast for better
distinction. BrightVit solution was made up in a hypo-osmotic medium and
accordingly intact cells/cell membranes will swell, but cells with burst cell
membranes will show thin straight tails and no signs of swelling.

DNA fragmentation test

The GoldCyto Sperm Kit (Goldcyto Biotech Corp) is a simple test that allows
assessment of sperm DNA fragmentation in animals. The DNA fragmentation
exanimated in three groups selected according to the results of epididymis semen
analysis using the CASA, three samples was chosen from the control, ZNP1 and
ZNP2 groups. The method is based on the Sperm Chromatin Dispersion (SCD)

112



NANOPARTICLES OF ZINC (ZNONPS) AND REPRODUCTION OF MAMMALS

(Fernandez et al., 2005). Intact unfixed spermatozoa are immersed in an inert
agarose microgel on a pretreated slide. An initial lysing treatment removes most
of the nuclear proteins, and in the presence of massive DNA loops, emerging from a
nucleoid from spermatozoa with central core. However, the nucleoids from
spermatozoa with intact DNA either do not show a dispersion halo or the halo
is minimal. Results based on statistic methods are shown using mederate plus
high DNA fragmentation proportion. According to Evenson and Jost, (2002), less
than 15% represents a high fertility statue, 15-30% represents a resemblance to a
fertility statue, and more than 30% signifies a significant lack of fertility potential.

Measurement of oxidative stress parameters

Frozen stored testis was thawed, then 100 mg of each sample was
transferred to test tubes for the determination of glutathione (GSH) using the
method of Weckbecker and Cory (1988). The principle of this assay is based on
the measurement of the optical density of the acid 2-nitro-5-mercapturic. The
latter results from the reduction of 5,5'-dithio-bis-2- acid nitrobenzoique (Ellman's
reagent, DTNB) by groups (-SH) of glutathione. Deproteinization of the homogenate
is essential in order to keep only specific thiol groups of glutathione.

The testicular total proteins were quantified according to the colorimetric
method of Bradford (1976) by using the Coomassie Brilliant Blue (BBC) as a
reagent and the bovine serum albumin as a standard. The BBC reacts with the
protein amino groups (-NHz) to form a complex of blue color. Color intensity
reflects the concentration of protein which is measured at 595 nm.

Malondialdehyde (MDA) was estimated by using the method of Ohkawa
and Yagi, (1979). The dosage is based on the formation of a colored pigment
absorbing at 530 nm after a reaction between MDA and thiobarbituric acid in
an acidic and hot environment (100°C).

The measurement of glutathione peroxidase (GPx) was realized by the
method of Flohe and Giinzler (1984). This method is based on the reduction of
hydrogen peroxide (H20;) in the presence of reduced glutathione (GSH); the
latter is transformed into (GSSG) under the influence of the GPx.

Nanoparticles size

ZnONPs were measured using ZEISS GeminiSEM 500 in the Nanoteknoloji
Uygulama ve Arastirma Merkezi (ERNAM) in the University of Erciyes, Kayseri,
Turkey.

Statistical analysis

Statistics was realized using (MINITAB 18 Software ANOVA Tukey). Results
are expressed as mean +standard deviation. The significant test was considered at
p<0.05.
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Results

Results in Table 1 showed the effect of ZnONPs extracted from C. monogyna
using zinc acetate with diameter less then 200nm (Fig. 1) on testis and epididymis
weights. ZNP1 showed a significant decrease (p<0.05) in the testicular absolute
weights compared to the control while ZNP2 and ZNP3 have maintained the same
levels as that of the control. Compared to the control, epididymis absolute weights
have decreased significantly in ZNP1, while it showed a significant increase in
ZNP2, whilst that of ZNP3 has maintained almost the same level of the control.

Table 1. Absolute testicular and epididymis weights (Mean * SD) in Wistar rats after
15 days of treatment with ZnONPs synthesized from C. monogyna leaves.

Control INP1 ZNP2 ZNP3
Testis (g) 1.758+0.013= 1.372#0.056> 1.756%0.004* 1.754+0.006¢
Epididymis (g)  0.572%0.002>  0.518%0.039¢  0.676%0.0092  0.572+0.002b

Means that do not share the same letter are significantly different, according to one-way ANOVA,
followed by Tukey test.

Figure 1. SEM image of zinc nanoparticles in the aqueous extract of Crataegus
monogyna and their particles size of 200 nanometers.
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Concerning the epididymis sperm parameters, a significant decrease of
concentration, live sperm VCL, VCL, VAP, LIN, ALH, and BCF was observed in
the ZNP1 compared to the control while in the ZNP2, the sperm concentration,
VSL, LIN, ALH, and BCF have increased significantly (Table 2). Contrary, VSL and
ALH levels were higher in rats of ZNP3 group compared to the control. In ZNP2
and ZNP3, both live and dead sperm have maintained the same percentages as
that of the control.

The MDA concentration (Table 3) was significantly higher in ZNP1
compared to all groups. Contrary, a significant decrease in ZNP2 and ZNP3
compared to the control and ZNP1 group.

GSH showed a significant decrease in ZNP1 compared to the control while
ZNP2 has demonstrated an elevation in the GSH level. In ZNP3, the level of GSH
has similar as that of the control.

GPx activity illustrated a significant increase in ZNP2 group compared to
the control. Though ZNP1 and ZNP3 groups have remained as that of the control.

Table 2. Epididymical semen parameters (Mean * SD) in Wistar rats after 15 days of
treatment with ZnONPs synthesized from C. monogyna leaves.

Parameter Control ZNP1 ZNP2 ZNP3
Concentration (Millions/ml) 82.05+1.31> 26.08+0.82¢ 88.80+0.672 82.25+1.23b
Dead sperm (%) 26+0.89b 31.33+1.212 24.66+1.21> 26+0.89>
Live sperm (%) 78.33+0.812 71.16+0.75> 78.16+0.752 77.83+0.752
Motility (%) 77.14+0.88> 70.74+0.45¢ 81.23£1.0092 76.342+1.51P
VCL (um/s) 88.84+0.70> 74.97+0.08¢< 92.85+0.632 88.48+0.72b
VSL (um/s) 16.27+0.16> 11.03+0.45¢ 19.47+0.602 19.13+0.782
VAP (um/s) 39.002+0.46" 30.14+0.21¢ 45.84+0.162 39.10+0.49°
LIN 29.93+0.36" 16.64+0.66c 31.77+£0.602 29.80+0.26P
ALH (um) 4.35+0.09¢  4.03+0.0869 4.93+0.042  4.59+0.11b
BCF (Hz) 4.28+0.04>  2.60+£0.178¢ 4.59+0.272  4.26x0.08b

Means that do not share the same letter are significantly different, according to one-way ANOVA,
followed by Tukey test.

Results in Table 4 showed that spermatozoa DNA fragmentation
percentages of ZNP1 and ZNP2 are less than 15% which may indicate no effect
of the doses used in our study (10 mg/kgbw and 50 mg/kgbw of ZnONPs
extracted from C. monogyna leaves) on sperm DNA.
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Table 3. Oxidative stress markers (Mean * SD) in Wistar rats after 15 days of
treatment with ZnONPs synthesized from C. monogyna leaves.

Parameter Control ZNP1 ZNP2 ZNP3
MDA (nmol/g
. 0.017+0.00008b 0.018+0.000042 0.017+0.00003b 0.017+0.00001b
tissue)

H (nmol/m
GS ( ol/mg 0.447+0.011b 0.232+0.008¢ 0.549+0.011a 0.433£0.009>
proteins)
GPx (umol
GSH/mg 0.055+0.002b 0.055+0.002b 0.080+0.003a 0.058+0.001b
proteins)

Means that do not share the same letter are significantly different, according to one-
way ANOVA, followed by Tukey test.

Table 4. Spermatozoa DNA fragmentation (%) in Wistar rats after 15 days of
treatment with ZnONPs synthesized from C. monogyna leaves.

Parameter Control ZNP1 ZNP2

None fragmented DNA (%) 93 94 96.77

Fragmented DNA (%) 7 9 3.23
Discussion

In this study, the addition of zinc acetate to the C. monogyna leaves’ extract
has led to the synthesis of ZnONPs with a size of 200 nm. It is suggested that plant
antioxidant compounds can reduce metals such as zinc acetate into nanoparticles
(Mutukwa and Khotseng, 2022). Besides, C. monogyna has many active
compounds such as flavones, rutin, catechin, and caffeic acid (Muradoglu and
Yildiz, 2019; Cosmulescu and Nour, 2017), which act as reducing agent and may
be responsible in reducing zinc ions to ZnONPs (Shi and Jiang, 2013). Therefore,
nanostructures are used in diagnosing, evaluating, and treating many health
disorders (Paluszkiewicz et al.,, 2021) by targeting organs, tissues, and specific
cells (Prairna et al, 2020). Furthermore, the absorption, distribution, and
elimination of nanomaterials raise their ability to pass through cell barriers easily
(Bleeker et al., 2013). It was believed that nanoparticles exhibit better biomedical
activity than the chemically synthesized ones (Agarwal et al., 2018).

Results of treating rats using 10 mg/kgbw of ZnO synthesized nanoparticles
using C. monogyna for 15 days showed a decline in sperm quality and an
augmentation in oxidative stress reflected a higher level of MDA and GSH
depletion. This dose has also no effect on sperm DNA fragmentation, despite it
has not passed the threshold reported by Evenson and Jost (2002), who
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postulated that fragmented DNA of less than 15% represent high fertility rate.
It was confirmed that MWCNTSs and other carbon-based nanoparticles injected
to mice (5 g/kg) for 15 days didn’t change the total sperm concentration,
motility, and percentage of abnormal semen (Bai et al., 2010).

On the other hand, the administration of 50 and 300 mg/kgbw of ZnNPs
during 35 days has affected sperm biology of mice (Rachid et al., 2008; Talebi
and Moridian, 2013). Zinc nanoparticles have probably provoked testicular
injuries (Boekelheide et al., 2000), and other nanoparticles may affect testicular
tissue architecture (lavicoli et al., 2013). Moreover, supplementation of 500 pL
Au-NPs solution to human semen could reduce sperm motility and induce
sperm DNA fragmentation (Wiwanitkit and Rojanathanes, 2009). In addition,
Ag-NPs (nominal diameter of 20 + 5 nm) may provoke a decrease in sperm
concentration, and DNA damage when Wistar rats were treated with intravenous
single dose of 5 mg/kg or 10 mg/kg (Gromadzka et al,, 2012). This decline may
be explained the effect of a varieties of nanoparticles on testosterone regulation
(Tavicoli et al., 2013), via generating ROS such as superoxide ions, hydroxyl ions,
singlet oxygen species, and peroxide molecules (Isik and Horzum, 2019), leading
to poor sperm quality. As a result, ROS may induce apoptosis, lipid peroxidation,
and DNA damage (Bardaweel et al., 2018) of Sertoli cells and disturb the
spermatogenesis (Silva et al. 2022). In addition to modifying the sperm
physiological function (Agarwal and Sengupta, 2020). Furthermore, sub-acute
oral exposures to ZnNPs (300 mg/kg) for 14 consecutive days were stated to
enhance ROS formation (Sharma et al., 2012), MDA augmentation, and GSH
depletion. ZnONPs demonstrated effectiveness in combating various forms of
cancer through the promotion of oxidative stress, enhancement of calcium influx
into cancer cells, ultimately resulting in their demise (Bai et al., 2017).

In our finding, the rats of ZNP2 treated with 50 mg/kgbw have an increased
fertility and a weaken oxidative stress, with a lower percentage of sperm DNA
fragmentation while those of ZNP3 has kept sperm quality as that of the control.
In addition, to having more protection of DNA structure. Likewise, NPs were
suggested to have a role in activating proteins and inhibiting cell toxicity (Ali et
al., 2009; Abbasi and Hano, 2017), while Kulandaivelu and Gothandam (2016)
have found in an in-vitro study that silver nanoparticles at 100 pg/mL may
inhibit cancerous cells through the activation of caspase-3. Similarly, ZnONPs of
1 mg/ml was not toxic and may prevent against oxidative stress (Nagajyothi et al.,,
2015).It was proven that ZnONPs using Aloe vera have capacity in scavenging
free radicals and anticancer effect (Mahendiran et al., 2017). Accordingly, the
ZnONPs in vitro (0.4, 1.6, and 6.4 ug ml) could increase the antioxidant enzymes
in mice intestinal epithelium cell (Dawei, Zhisheng, and Anguo 2010) and could
protect cells from ROS stress (Elshama and Abdel-Karim, 2018).
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Nano-selenium supplementation (0.3 mg/kg) has proved to enhance
sperm quality of goats after 90 days exposure (Shi et al, 2011). It was stated that
the addition of zinc acetate to a plant extract may boost metal ions adsorption (Isik
and Horzum, 2019). It could be argued in this circumstances that testis received
ZnONPs has activated Sertoli cells for a better spermatogenesis. Also, zinc was
proven to play an important role in improving spermatogenesis (Roy et al. 2013)
and C. monogyna was effective in protecting against oxidative stress (Shalizar-
Jalali and Malekinejad, 2011). C. monogyna components such as polyphenols
(Muradoglu and Yildiz, 2019), linoleic acid, oleic acid, oxalic acid bis (trimethylsilyl)
ester, palmitic acid, and tetracosamethyl-cyclododecasiloxane (Bechkri et al,
2017) may act as source of antioxidants and energy for better spermatozoa quality.

Conclusions

The effect of 200 nm ZnONPs synthesized from C. monogyna leaves' extract
on sperm quality in Wistar rats was evaluated. At a dosage of 10 mg/kgbw for
15 days, fertility parameters were reduced, oxidative stress increased, and sperm
DNA damage was observed. In contrast, a dosage of 50 mg/kgbw significantly
improved sperm parameters, as well as levels of GSH and GPx activity. The dosage
of 100 mg/kgbw had minimal impact on the parameters investigated.
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