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Eco-friendly Synthesized Zinc Oxide Nanoparticles Improved 
Frozen-thawed Semen Quality and Antioxidant Capacity of 
Rams

Zinc oxide nanoparticles (ZnO-NPs) have antimicrobial, antioxidants, and anticancer properties. This study 
aimed to improve the post-thawing semen characteristics of rams using three concentrations of ZnO-NPs. 
ZnO-NPs in 0.0, 0.5, 1.0, 1.5 mg/ml tris-based diluents were used to extend semen collected from five Awas-
si rams twice weekly for two months. Post-thaw semen evaluation and measurement of Malondialdehyde 
(MDA), nitric oxide (NO), ascorbic acid (AA), superoxide dismutase (SOD), glutathione peroxidase (GPx), 
total cholesterol (CHO), low density lipoproteins (LDL), lactate dehydrogenase (LDH), alkaline phosphatase 
(ALP), zinc, and copper (Cu). With increasing ZnO-NPs concentrations, the post-thaw sperm total motility 
(STM %), progressive motility (SPM) %, viability (SV%), functional membrane integrity (FMI %), acrosome 
integrity (AI %), NO, LDH, ALP, Cu, and zinc ascended linearly (P≤0.0001) but the abnormal sperm (AS%) 
and SOD decreased (P≤0.0001). The addition of 1.0 mg/ml ZnO-NPs increased (P≤0.0001) GPx but decreased 
(P≤0.0001) CHO and LDL. All concentrations of ZnO-NPs preserved (P≤0.0001) high AA compared to 0.0mg/
ml and did not influence MDA. The addition of 0.5 mg/ml ZnO-NPs reduced (P≤0.059) Cu concentrations. All 
semen characteristics had strong positive correlations with zinc, LDH, and ALP and negative correlations with 
SOD. AS % had negative correlations with zinc, ALP, and LDH and positive correlation with SOD. All the 
three added concentrations of ZnO-NPs improved the post-thaw semen motility, viability, fertilizing capacity, 
and antioxidant capacity but 1.5mg/ml semen diluents proved the best concentration for semen preservation.
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INTRODUCTION

Cryopreservation decreases post-thaw sperm motility and fertil-
izing capacity compared to the fresh one. The advent of semen 
extenders for the cryopreservation of semen of any species aims 
to obtain high post-thaw semen characteristics, viability, and fer-
tilizing capacity. Because of ram sperm are extremely vulnera-
ble to temperature changes during freeze-thawing procedures, 
several additives are added to freezing extenders seeking for 
improved post-thaw motility, livability, and fertility potential. 
The high amount of polyunsaturated fatty acids in the plasma 
membrane and insufficient level of cytoplasmic antioxidants in 
ram semen render sperm cells sensitive to lipid peroxidation in 
presence of reactive oxygen species (ROS) (Al-badry et al., 2018). 
The excessive production of ROS impairs kinematic parameters, 
viability, and fertilizing capacity of spermatozoa due to the in-
duction of biochemical and structural alterations, ATP depletion, 
and DNA fragmentation (Topraggaleh et al., 2014). After cryo-
preservation, the activities of total LDH, SOD, CAT and GSH-Px 
increased in seminal plasma and decreased in spermatozoa 
(Huang et al., 2014). Antioxidants (Banday et al., 2017), Butyl-
ated hydroxytoluene (BHT), vitamins, minerals are usually add-

ed to semen extenders prior to semen storage to decrease the 
oxidative stress and lipid peroxidation (LPO) induced by semen 
processing and the low temperature. When BHT was added to 
egg yolk-deficient (2.5%) extenders, it significantly improved vi-
ability of chilled-stored semen together with the motility (48.5%) 
and the fertility (62.5%) of frozen-thawed spermatozoa (Khalifa 
et al., 2008). Supplementation of Tris-egg yolk extender with 3% 
lyophilized royal jelly (RJ) had a protective effect on chilled and 
cryo-preserved ram spermatozoa (Amini et al., 2019).

To combat bacterial growth or contamination during semen 
processing, antibiotics must be added to the semen extender 
during semen processing. During the last decade, the applica-
tion of nanotechnology gained great interest in the veterinary 
medicine. Iron oxide and silver nanoparticles had been used in 
the extended ram semen to minimize the bacterial growth and 
overcome the drug resist venereal disease (Yousef et al., 2021). 
When selenium nanoparticles were supplemented to male Boer 
goat in the diet, it improved sperm motility and viability and re-
duced abnormalities (Shi et al., 2010). In vitro, silver nanoparti-
cles at concentrations of 30, 60, 125, 250 and 500 μM incubated 
with human semen at 37°C for 60-120 min showed a slight in-
significant toxicity (Moretti et al., 2013). However, the addition 
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of 0.05 μg./ml selenium to Barki rams’ semen extender improved 
all sperm post-thaw characteristics and reduced abnormalities 
and LPO (Hozyen et al., 2019). Zinc nanoparticles showed pro-
tective effects on the testicular tissue and semen in rats treated 
with nicotine (Mohamed and Abdelrahman, 2019), doxorubicin 
(El-Maddawy and Abd El Naby, 2019), and cisplatin (Erfani Majd 
et al., 2021). Zinc-nanoparticles added to semen diluents had 
reduced cryopreservation mediated sperm damage (Isaac et al., 
2017; Jahanbin et al., 2021).

Both alkaline phosphatase (ALP) and lactate dehydrogenase 
(LDH) activities decrease in semen extenders rich in antioxidants 
additives due to their action in scavenging ROS produced by live 
and motile spermatozoa but their increasing activities in fresh 
semen were directly related to high dead and abnormal sperm 
percent. The addition of ascorbic acid to semen extender of stal-
lions decreased the activities of these enzymes (Alamaary et al., 
2020). The correlation between LDH and progressive motility and 
viability could be a sign that extracellular LDH ensures metabo-
lism of spermatozoa. The ALP enzyme is also isolated from the 
sperm plasma membrane (Bucci et al., 2014). Furthermore, LDH 
enzyme is found in the cytosol, mitochondria and on the sperm 
plasma membrane (O’Flaherty et al., 2005). Reduced LDH indi-
cates poor semen quality and high dead sperm percent (Aksoy et 
al., 2002). So, the objective of the current study was to add zinc 
oxide nanoparticles (ZnO-NPs) prepared by the green method 
using plant extract to the semen extender of rams in three differ-
ent concentrations and explore their effects on post-thaw sperm 
motility and viability and on seminal plasma oxidants, antioxi-
dants, trace minerals, and enzymes. 

MATERIALS AND METHODS

Animals

Before conducting the current study, Animal care and use ap-
proval certificate was obtain from The Faculty of Veterinary Med-
icine (Cairo University) Animal Care and Use Committee. (Vet 
CU 8/3/2022/399). Five fertile and clinically healthy Awassi rams 
belonged to the faculty of Veterinary Medicine Cairo University 
(weighing 50-65 kg and aging 3-5 years old) were kept under 
natural environment (ambient temperature and daylight) and 
supplied with same quantity of feed in accordance with NRC rec-
ommendations (each ram fed daily 1.25 kg ration composed of 
850 g wheat straw, green forage and 400 g pelleted concentrated 
ration with free access to fresh water).

Preparation and characterization of ZnO-NPs

Zinc sulphate (20 g) was added to 200ml of the filtrated Cym-
bopogon schoenanthus (20g/200 ml distilled water kept in a 
shaker incubator at 37°C for 72 h) aqueous extract and kept in a 
shaker incubator at 37°C until the complete evaporation of the 
water content. The powder was put for 1 h in the muffle furnace 
at 400°C then was ready to use. A scanning and transmission 
electron microscope (Figure 1) and XRD were performed (Dey 
and Somaiah, 2022).

Semen collection and processing

Semen was collected using lubricated and pre-warmed (40-42ºC) 
short artificial vagina twice weekly for two months. Immediately 
after collection, freshly ejaculated semen samples were trans-
formed to the laboratory at 37ºC for examination and process-
ing. In order to eliminate the individual variations among rams, 

collected ejaculates from each ram were pooled. Pooled semen 
samples with a final volume of about 5.00 mL were evaluated for 
basic semen characteristics including motility, percentage of live 
spermatozoa and sperm cell concentration. Semen volume was 
estimated using a graduated tube and sperm concentration was 
assessed with a hemocytometer. Samples showing more than 
75% motility, 75% live sperm and 3x109 sperm cell/mL were pro-
cessed for experiments.

Pooled semen samples were divided into 12 equal aliquots 
and diluted 1:5 (V/V) with Tris citrate glucose (Tris (hydrox-
yl methyl amino methane; 3.634 g), glucose (0.5 g), citric acid 
monohydrate (1.99 g), fresh chicken egg yolk (15 ml), glycerol 
(7 ml), penicillin G sodium (100.000 i.u.), streptomycin sulphate 
(100 mg) and glass distilled water to 100 ml (Evans and Maxwell, 
1987). ZnO-NPs in 0, 0.50, 1.00, 1.50 mg/ml concentrations were 
added to semen extender. Diluted semen samples were kept in 
the refrigerator at 5°C (in graduated falcon tubes) for 90 min. 
For cryopreservation, diluted semen samples were equilibrated at 
5°C for 15 min and then loaded in 0.25 ml straws and sealed with 
polyvinyl powder. After that, the straws were placed horizontally 
at 6.5 cm over liquid nitrogen for 10 min and then plunged into 
liquid nitrogen tank for storage. Frozen ram semen was thawed 
by removing two straws from liquid nitrogen container and drop-
ping them in a water bath at 40°C for 30 seconds (Kumar et al., 
2003).

Evaluation of frozen semen

Post-thaw motility

Frozen-thawed semen samples were subjectively assessed im-
mediately after thawing and expressed in percentages by using 
heated stage (37oC) optical microscope (Olympus BH-2, Olympus 
Optical Co. Ltd., Japan) (400×).

Determination of sperm viability and sperm abnormalities

Alive sperm percentage was evaluated using eosin-nigrosine 
stain (Evans and Maxwell, 1987). Each sample was stained by 
mixing a drop of frozen-thawed semen sample with 2 drops of 
the stain on a warm glass slide. A total of 200 sperm cells were 
examined randomly using a bright field microscope (1000×). 
Normal alive sperm exclude the eosin stain and appear white in 
color, whereas dead sperm (those with loss of membrane integ-
rity) take up the eosin stain and appear pinkish in color. On the 
same slides, spermatozoa with morphologic defects in head, tail, 
or neck-mid piece were classified as abnormal. The percentages 
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Fig. 1. The scanning (A) and transmission (B) electron microscope of zinc oxide 
nanoparticles (ZnO-NPs) showing aggregates (A) and spherical shape of 12-
32nm in diameter (B).
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of live spermatozoa and abnormal sperm cells were calculated.

Functional membrane integrity

To evaluate the functional membranes integrity (FMI) of the sper-
matozoa, hypo osmotic swelling test was used (Revell and Mrode 
1994). Briefly, 30 μl of frozen-thawed semen sample was mixed 
with a 300 μl of 100 mOsm/kg hypo-osmotic (9 g fructose plus 
4.9 g sodium citrate per liter of distilled water) solution. This mix-
ture was incubated at 37°C for one hour, 0.2 ml of the mixture 
was placed on a microscope slide and mounted with a cover slip 
and immediately evaluated under the bright field microscope 
(400×). Sperm cells with resistant membranes exhibited a swell-
ing around the tail, such that the flagella became curled and the 
membrane maintained a swollen ‘bubble’ around the curled fla-
gellum. A total of 200 spermatozoa were counted in at least five 
different microscopic fields. The percentages of sperm with swol-
len and curled tails were then recorded.

Acrosome integrity

Acrosome integrity was evaluated using patent specific stain 
(Spermac) according to Ghallab et al. (2019). In brief, dried sperm 
smear prepared from each sample after cooling was fixed in a 
solution composed of 10% formalin for 10 min. Each slide was 
then processed through stain solutions A, B and C for 1 min at 
room temperature. After air drying, the slides were analyzed un-
der oil immersion (×1000). Two hundred sperm cells were count-
ed and the percentage of spermatozoa with undamaged acro-
some was recorded.

Biochemical evaluation

Determination of lipid peroxide product (Malondialdehyde, MDA 
nmol/ml), nitric oxide (NO umol/L), Glutathione peroxidase (GPx 
mU/mL), superoxide dismutase (SOD (U/ml), and ascorbic acid 
(mg/L), zinc, copper, total cholesterol, low density lipoproteins 
(LDL) were assayed calorimetrically using commercial kits (Biodi-
agnostics, Egypt). 

Lactate dehydrogenase and alkaline phosphatase (MG, Sci-
ence and Technology Center”STC”) of sensitivity 1U/100ml and 
the intra- and inter- test precisions are 0.56% and 1.1%. 

Statistical analysis

The obtained data were expressed as Mean ± SEM. The effect of 

different concentrations of the ZnO-NPs added to semen dilu-
ent on the semen parameters were tested using one-way analysis 
of variance (ANOVA). Duncan’s Multiple Range Test was used to 
differentiate between significant means at P<0.05. Pearson cor-
relation coefficient was also processed using IBM-SPSS version 
20.0 (2016). 

RESULTS

The scanning electron microscope (SEM, Fig. 1A) showed ag-
gregation of ZnO-NPs which were spherical using Transmission 
electron microscope (TEM) of diameter ranged from12-32 nm 
(Fig.1B). The addition of different concentrations of zinc oxide 
nanoparticles (ZnO-NPs) to semen extender (Table 1) had in-
creased (P<0.001) STM, SPM, SV, FMI, and AI with increasing the 
concentrations of ZnO-NPs. The increase in ZnO-NPs concentra-
tion to the semen diluent resulted in a linear decrease (P<0.001) 
of AS%. The addition of 1.5 mg/ml diluents resulted in the high-
est semen parameters with the lowest AS% (Table 1).

All diluents supplemented with ZnO-NPs had insignificantly 
low lipid peroxide product (MDA; Table 2). Nitric oxide concentra-
tion ascended (P<0.001) with increasing ZnO-NPs concentration 
per ml diluent (Table 2). All diluents with ZnO-NPs concentrations 
from 0.5 to 1.5 contained high (P<0.01) ascorbic acid with no sig-
nificant difference between them. Semen diluent with 1.5 mg had 
the lowest (P<0.001) GPx and SOD activities (Table 2). The con-
centrations of zinc increased (P<0.001) with increasing ZnO-NPs 
in the semen diluent (Table 2). The highest copper concentrations 
can be noticed in semen diluent supplemented with 1.5 mg ZnO-
NPs. Total cholesterol and LDL decreased (P<0.001) in all semen 
extenders supplemented with ZnO-NPs with the lowest concen-
trations observed after adding 1.0 mg/ml ZnO-NPs.

LDH and ALP activities increased (P<0.001) in semen diluents 
enriched with 1.0 mg and 1.5 mg compared to 0.0 mg (control), 
and 0.5 mg ZnO-NPs with the lowest activities were noticed when 
0.5 mg and highest ones were observed when 1.5 mg ZnO-NP 
was added (Table 2).

NO tended to correlate (Table 3) with SPM (r=0.52; P=0.085), 
FMI (r=0.50; P=0.096), and AI (r=0.50; P=0.097) but had a neg-
ative correlation with SA (r=-0.68; P=0.016). Zinc concentrations 
correlated with STM (r=0.73; P=0.008), SPM (r=0.85; P=0.001), SV 
(r=0.73; P=0.008), FMI (r=0.97; P<0.001), and AI (r=0.96; P<0.001) 
but showed a negative correlation with AS% (r=-0.90; P<0.001). 
SOD correlated negatively with STM (r=-0.62; P=0.033), SPM 
(r=-0.62; P=0.033), and live sperm% (SV; r=-0.61; P=0.035). SOD 
correlated positively with abnormal sperm (r=0.69; P=0.014) and 
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Table 1. Effect of different concentrations of ZnO-NPs concentrations on the percentages of TM, SPM, SV, SA and FMI, and AI of frozen-thawed ram semen

Semen parameters

ZnO-NPs concentrations

0 0.5 1.0 1.5
P-value

mg/ml mg/ml mg/ml mg/ml 

STM% 39.98±1.17a 45.43±1.34b 46.23±1.02b 70.44±1.24c 0.000

SPM % 30.33±1.08 a 42.52±1.65b 44.22±1.52b 67.42±1.35c 0.000

SV % 43.25±1.32 a 48.85±1.66b 49.53±1.42b 73.85±1.62c 0.000

SA % 30.42±1.55 c 25.34±1.08b 23.45±1.72b 18.04±1.55a 0.000

FMI% 65.32 ±1.38 a 75.22 ±1.54b 76.38 ±1.57b 82.15±1.64c 0.000

AI% 62.03±1.41 a 72.25 ±1.32b 74.43 ±1.65b 81.03 ±1.12c 0.000

Data are expressed as Mean ±standard error of mean (SEM).
Means with different superscripts (a, b, c) in the same row are significantly different at P<0.05
n=16, STM= sperm total motility; SPM= sperm progressive motility; SV= sperm viability; SA= sperm abnormalities; FMI= functional membrane integrity; AI= 
acrosome integrity.
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tended to have a positive correlation with AI (r=0.54; P=0.068). 
ALP correlated with STM (r=0.94; P<0.001), SPM (r=0.89; 
P<0.001), SV (r=0.94; P<0.001), FMI (r=0.68; P=0.015), and AI 
(r=0.71; P<0.01) but had a negative correlation with AS (r=-
0.81; P=0.002). LDH correlated with STM (r=0.63; P<0.05), SPM 
(r=0.68; P=0.016), SV (r=0.63; P=0.029), FMI (r=0.67; P=0.017), 
and AI (r=0.72; P=0.009), with obtaining a negative correlation 
with AS (r=-0.69; P=0.013).

DISCUSSION

Zinc is an important trace mineral involved in many enzymes 
controlling fertility. The addition of 100 μM zinc prior to cryo-
preservation resulted in higher percentage of sperm with intact 
DNA mitochondrial function and progressive motility (Kotdawala 
et al., 2012). In contrast to bull semen supplemented with 10-6, 
10-5, 10-4, 10-3, and 10-2 ZnONPs did not influence total sperm 
motility, progressive sperm motility, and viability (Jahanbin et 
al., 2021). In the investigated rams, semen extenders containing 
0.50, 1.00, and 1.50 mg/ml achieved higher post-thaw total mo-
tility (70.4%), progressive motility (67.4%), and viability (73.85%) 
especially with the highest concentration compared to control. 
Moreover, 40 and 80 ppm of ZnO-NPs supplemented orally in 
rams improved sperm motility and viability (Abaspour Aporvari et 
al., 2018). In contrast to bull semen supplemented with 10-6 ,10-5, 
10-4, 10-3, and 10-2 ZnO-NPs (Jahanbin et al., 2021), the abnormal 

sperm percentage of rams in this study declined linearly with the 
increase of ZnO-NPs in their semen extenders. Also, the abnor-
mal sperm % declined when rams were supplemented 40 and 80 
ppm ZnO-NPs orally (Abaspour Aporvari et al., 2018). The sperm 
plasma membrane functionality indicated by FMI% based on the 
membrane resistance to lose permeability barriers under stress 
condition (stretching in a hypo-osmotic medium) increased by 
25.77% with the highest ZnO-NPs (P= 0.0001). In agreement with 
the obtained results, the FMI% of bull semen extender supple-
mented with 10-6 and 10-2 M ZnO-NPs which ranges from 81mg/
ml to 814mg/ml was improved (69.3 and 62.4%) significantly (P < 
0.05) compared to control (51.3%) group (Jahanbin et al., 2021). 
Only 80 ppm of ZnO-NPs improved the membrane resistance 
to lose permeability FMI% test (Abaspour Aporvari et al., 2018). 
Similar to human semen supplemented with ZnO-NPs (Isaac et 
al., 2017), cryopreserved ram semen of this study kept their fer-
tilizing activity as indicated by increasing the percentages of ac-
rosome integrity by 16.48%, 19.99%, and 30.63% from the lowest 
to the highest ZnONPs concentration compared to controls. This 
improvement in post-thaw semen characteristics was referred to 
the presence of ZnONPs around the spermatozoa (Isaac et al., 
2017).

Although ZnO-NPs slightly decreased LPO in ram semen, but 
this decrease was not significant. The slight insignificant decrease 
in membrane LPO product (MDA) in extenders supplemented by 
0.50, 1.00, and 1.50 mg/ml ZnONPs prove that nanoparticles ef-
ficiently scavenge the free radicals generated during freeze-thaw 
process as recorded in human (Isaac et al., 2017) and bull semen 

Table 2. Effect of different concentrations of ZnO-NPs concentrations on seminal plasma (MDA, NO, Ascorbic acid, glutathione peroxidase (GPx), superoxide 
dismutase (SOD).

Oxidants/ ZnO-NPs concentrations

antioxidants 0.0 mg/ml 0.5 mg/ml 1.0 mg/ml 1.5 mg/ml P-value

MDA nmol/ml 6.67±1.03 5.89±0.42 5.50±0.20 6.03±0.26 NS

NO umol/L 50.00±2.78 a 53.91±0.42 ab 56.50±0.31bc 59.33±0.25 c 0.000

AA g/L 824.4±14.9 a 871.4±6.3 b 879.3±6.4b 864.8±5.4b 0.001

GPx mU/mL 82.14±11.21a 73.49±10.86a 170.75±35.99b 32.42±6.95a 0.000

SOD U/ml 2625±244c 3000±92c 1750b±53.30 c 1250±141a 0.000

Zinc ug/dl 94.41±0.31a 237.27±1.33b 265.84±3.97c 305.59±4.50d 0.000

Cu μg/dl 540.3±52.5ab 491.87±34.29a 580.57±34.38ab 688.0±73.05b 0.059

CHO mg/dl 160.7±10.0c 144.27±2.21bc 100.80±13.40a 133.20±1.84b 0.000

LDL mg/dl 117.29±9.35c 82.47±5.64b 48.54±13.23a 83.18±11.33b 0.000

LDH U/L 4857±104a 4825±46a 6938±211b 7003±143b 0.000

ALP IU/L 137.9±0.79b 131.76±1.90a 144.88±0.74c 186.90±1.30d 0.000

Data are expressed as Mean ±standard error of mean (SEM).
Means with different superscripts (a,b,c,d) are significantly different at P<0.05, non-significant (NS). (n=16), lipid peroxide product (MDA, Malondialdehyde), Ni-
tric oxide (NO), glutathione peroxidase (GPx), superoxide dismutase (SOD), Ascorbic acid (AA), Copper (Cu), Total cholesterol (CHO), Low density lipoproteins 
(LDL), Lactate dehydrogenase (LDL), Alkaline phosphatase (ALP)

Table 3. Pearson correlation coefficient between post-thaw semen characteristics and measured blood variables.

Semen parameters NO Zinc SOD GPx ALP LDH Cu CHO LDL AA

STM% 0.47 .73** -.62* -0.36 .94** .63* -0.23 -0.13 -0.12 0.2

SPM % .52# .85** -.62* -0.29 .89** .68* -0.21 -0.21 -0.22 0.3

SV % 0.46 .73** -.61* -0.36 .94** .63* -0.24 -0.12 -0.13 0.2

AS % -.68* -.90** .69* 0.08 -.81** -.69* -0.1 0.33 0.27 -0.31

FMI % .50# .97** -0.48 -0.09 .68* .67* -0.22 -0.34 -0.44 0.49

AI % .50# .96** -.54# -0.16 .71** .72** -0.23 -0.35 -0.39 0.47

** Significant at P<0.01, * significant at P<0.05, # tended to be significant at P>0.05. 
Sperm total motility (STM), Sperm progressive motility (SPM%), Sperm Viability (SV%), Abnormal sperm (AS%), functional membrane integrity (FMI)%, Acro-
some integrity (AI%) Copper (Cu), Total cholesterol (CHO), Low density lipoproteins (LDL), nitric oxide (NO), Alkaline phosphatase (ALP), Ascorbic acid (AA), 
superoxide dismutase (SOD), glutathione peroxidase (GPx), Lactate dehydrogenase (LDH).

Table 3. Pearson correlation coefficient between post-thaw semen characteristics and measured blood variables.
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(Jahanbin et al., 2021). Similar to zinc nanoparticles, extenders 
containing 0.5 and 1 μg/ml selenium nanoparticles (SeNPs) im-
proved post-thaw sperm motility, and viability index and reduced 
membrane integrity, acrosome defects, DNA deterioration and 
MDA concentrations in ram seminal plasma (Hozyen et al., 2019).

The role of nitric oxide (NO) in regulating spermatogene-
sis, sperm motility and maturation (Perera et al., 1996) has been 
confirmed in rams supplemented L-arginine which is nitric oxide 
precursor (Ozer Kaya et al., 2020). Though 0.50 mg of ZnO-NPs 
slightly increased NO either 1.00 or 1.50mg/ml ZnO-NPS supple-
mented diluents significantly elevated NO in the post-thaw ram 
semen of this work. In agreement with the negative correlation 
between abnormal sperm morphology and NO observed in rams 
supplemented ZnO-NPS of the present study, the rate of abnor-
mal spermatozoa in the L-arginine group showed a significant 
decrease in the abnormal sperm morphology compared to the 
control rams (Ozer Kaya et al., 2020). The significant decrease in 
SOD activity with increasing ZnO-NPs to the ram semen and the 
marked negative correlations with good quality semen observed 
in the current study was also noted when 800 ppm of ZnO-NPs 
were supplemented orally to rams (Abaspour Aporvari et al., 
2018). The increase in glutathione peroxidase values in post-thaw 
semen in rams of the current study is similar to the increase of 
antioxidant capacity in rams orally supplemented with 80 ppm 
of ZnO-NPs (Abaspour Aporvari et al., 2018). Contrary to the ab-
sence of any correlation between GPx and abnormal sperm in the 
current study, positive correlation was found between GPx activ-
ity in seminal plasma and abnormal tails were observed in buf-
faloes (Waheed et al., 2013).  Similarly, significant correlation of 
GPx with both post-thaw viability indices and increased motility 
were noted (Waheed et al., 2013). The observation of the lowest 
GPx levels in the semen extended supplemented with 1.50 mg/ml 
ZnO-NPs and the highest levels semen extended supplemented 
with 1.00 mg/ml in the cryopreserved ram semen of this study, 
the addition of the three concentrations of ZnO-NPs to semen 
extenders preserved the values of ascorbic acid higher than con-
trols and indicate that ascorbic acid was not consumed during 
scavenging reactive oxygen species and ZnO-NPs reduced OS 
evolution. The high insignificant correlations between ascorbic 
acid with FMI% and acrosome integrity agree with the addition 
of ascorbic acid to the bovine semen diluents during freezing 
and thawing to reduce cell damage due to its reactive oxygen 
species scavenging property (Beconi et al., 1993). In agreement 
with the association of ascorbic acid with ram FMI% and acro-
some integrity, the addition of 4.5mg/ml ascorbic acid to bovine 
semen extender improved the motility and viability and achieved 
the highest membrane and acrosome integrities (Hu et al., 2010). 
In stallions, the addition of antioxidants such as ascorbic acid and 
cysteine to semen extender reduced the levels of ALP and LDH 
with no differences in sperm viability, sperm membrane integrity 
and morphology (Alamaary et al., 2020).

The higher positive correlations of zinc with the STM, SPM, 
SV, FMI and AI and its negative correlation with SA indicate that 
zinc acts as a powerful antioxidant, decreases the ROS produc-
tion and reduces LPO so prevents cells from being destructed 
(Rogalska et al., 2009). The increase in zinc concentrations with 
the increasing supplemented dose from 0.50 to 1.50 mg/ml dilu-
ents indicates that ZnO-NPs did not penetrate the sperm plasma 
membrane (Isaac et al., 2017). Zinc is involved in sperm matura-
tion (Henkel et al., 1999; Leonhard-Marek, 2001) and physiologi-
cal zinc concentrations in seminal plasma are known to block the 
influx of ionized calcium to avoid early induction of acrosome re-
action (Leonhard-Marek, 2001). In agreement with the obtained 
results, the increased release of zinc from ZnO-NPs correlated 
with an increased oxygen input and motility (Henkel et al., 2003) 

Copper is necessary for many enzymes like the Cu– Zn–su-
peroxide-dismutase (SOD), which is involved in cell protection 
against ROS. Copper is also needed for the cytochrome c oxidase 
that is responsible for energy supply and for cellular and humoral 
immunity (Leonhard-Marek, 2001) Elevated copper concentra-
tions reduce oxidative processes and glycolysis which may cause 

sperm immobility and reduced viability. The increase of copper 
concentrations in semen diluent supplemented with 1.50 mg/
ml semen and the negative non-significant low correlation of 
copper with all ram semen characteristics of this study indicate 
that the increased copper did not reach toxic levels that disrupts 
sperm motility and viability (Knazicka et al., 2012).

The significant increase ALP activity in seminal plasma of ram 
semen supplemented with 1.00 and 1.50 mg/ml diluents cor-
relates with sperm quality parameters (Bucci et al., 2016). In nor-
mal stallions, seminal plasma alkaline phosphatase activity is con-
sidered a sperm-independent marker, (Turner and McDonnell, 
2003). However, the increase of LDH activity indicated highest 
number of dead and abnormal sperm (Ezazi et al., 2019), Increase 
of LDH activity in post-thaw ram semen extenders supplemented 
with 1.00mg and 1.50mg/ml ZnO-NPs in semen diluents are as-
sociated with high sperm motility, viability, FMI%, and acrosome 
integrity and low abnormal sperm morphology. In agreement 
with the obtained findings, after cryopreservation, the activities 
of total LDH, increased in seminal plasma and decreased in sper-
matozoa (Huang et al., 2014).

Glycerol is routinely used as a membrane permeable cryo-
protectant for freezing of ram spermatozoa (, Bucak et al., 2009; 
Başpınar et al., 2011; Çoyan et al., 2011; Bucak et al., 2013). LDL 
alone as a component in egg yolk protects sperm from cold 
shock during the cryopreservation processing by various mech-
anisms to maintain the integrity of sperm membrane (Snoeck et 
al., 2017). The lowest LDL and total cholesterol in semen extend-
ers supplemented with 1.00mg/ml ZnO-NPs were not related to 
any post-thaw sperm motility, viability, FMI%, and acrosome in-
tegrity parameters. Similar to our results, LDL did not offer any 
additional benefits in terms of post-thaw motility in comparison 
with 20% egg yolk regardless of the presence/absence of perme-
able cryoprotectant or addition of cholesterol or phosphatidyl-
choline (Dong et al., 2011).

CONCLUSION

All zinc oxide nanoparticles concentrations added to the cryo-
preserved rams’ semen (0.50, 1.00, 1.50 mg/ml) showed im-
provement in post-thaw semen motility and acrosome integrity, 
reduced the oxidative stress production, total cholesterol, LDL, 
alkaline phosphatase and lactate dehydrogenase with reduced 
the activity of SOD and abnormal sperm %. The recommended 
concentration of choice is 1.5mg/ml tris-based semen diluents.
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