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Abstract:  

This study aimed to assess the impacts of curcumin nano-formulation (CM-NF), type of extender, and their inter-

action on physical characteristics of cryopreserved rabbit spermatozoa. Ten mature NZW rabbit bucks (6.6–7.8-

month-old and 3.45-3.95 kg LBW) were used as semen donors. Pooled semen was diluted with Tris-egg yolk 

(TEY) or Tris-soybean lecithin (TSBL) extender supplemented with CM-NF (0, 1.5, 2 and 2.5 µg/mL), equilibrated 

(2h at 5°C), loaded in straws, stored in liquid nitrogen, thawed at 37oC for 30 s, and evaluated for progressive 

motility (PM), livability (LS), abnormality (SA), membrane integrity (MI), and acrosome integrity (AI) after dilu-

tion, equilibration, and thawing. Results showed that extender type had non-significant effect on all sperm param-

eters after all cryopreservation processes. In semen diluted with both extenders, CM-NF (1.5 µg/mL) recorded 

significantly the highest (P<0.05) PM, LS, MI, and AI, and the lowest (P<0.05) SA percentages compared with 

free-extenders after all cryopreservation processes. Impact of CM-NF (1.5 µg/mL) on all sperm parameters did not 

differ from that of free-extender. Increasing CM-NF level to 2 µg/mL adversely affect PM, LS, and SA only in 

post-diluted semen, and had no effects on all sperm characteristics after equilibration and thawing. The interaction 

effect of extender type with CM-NF level on all sperm was not significant. Conclusively, there were no differences 

between TEY and TSBL extenders in maintaining rabbit sperm characteristics after cryopreservation. Supplemen-

tation of either TEY or TSBL extenders with CM-NF (1.5 µg/mL) can improve the progressive motility, livability, 

membrane integrity and acrosome integrity in cryopreserved rabbit semen.  

 

1. Introduction 

Rabbits are characterized by fast reproduction, pro-

duction of high-quality white meat with low fat and cho-

lesterol level, and high economic efficiency (Basavaraj 

et al., 2011; El-Ratel et al., 2017). In Egypt, chilled or 

cryopreserved semen of rabbits is widely used in artifi-

cial insemination (AI), but there are some challenges and 

limitations in using frozen semen due to its unsatisfacto-
rily low fertility rate. Nevertheless, there is wide atten-

tion to using AI with frozen semen in terms of prolonging 

storage period and extending genetic improvement 

(Nishijima et al., 2015) to maximize rabbit production in 

intensive systems.  

In rabbits, increasing motility and viability of sper-

matozoa in cryopreserved rabbit semen can be affected 

by type and concentration of diluent and cryoprotectant, 

freezing protocol, and thawing temperature (Mocé and 

Vicente, 2009). Also, increasing of motile to viable 

sperm ratio in post-thawed semen is an important for ge-
netic resources cryopreservation in the bank of sperma-

tozoa (Iaffaldano et al., 2012). The viability and motility 

of gametes are the main criteria in successful AI when 

cryopreserved spermatozoa were used (Dadoune et al., 

2010). There is a relationship between the integrity of 

sperm DNA and embryo development in vitro because 

DNA molecule plays a decisive role in realizing such re-

productive technologies such as AI, in vitro fertilization, 

and intracytoplasmic sperm injection into the oocyte 

(Wang et al., 2003). Buffer and cryoprotectants pre-

sented in semen extender play an important role in pre-

venting cellular cryo-damage, hence the quality of cryo-

preserved sperm should be assessed basing on the detec-

tion of DNA fragmentation.  
The sharp changes in the temperature and osmolality 

level, ice formation, free radical production, and type of 

cryoprotectants (Taylor et al., 2009) during cryopreser-

vation processes impaired sperm cell functions (Thom-

son et al., 2009). Furthermore, oxidative stress causes a 

reduction in motility, livability (Mocé and Vicente, 

2009), the structure, function and longevity of spermato-

zoa after thawing or in the female reproductive 

tract (Satorre et al., 2012).  Also, other alterations physi-

cally and/or chemically stressed on sperm cells causing 

negative effects in integrity of sperm membrane, acro-
some damage, mitochondrial activity, sperm metabolism, 

and DNA integrity (Boitrelle et al., 2012; Kopeika et al., 

2015). The use of egg yolk in Tris-based extender to pre-

vent or reduce the cold shock effect is an important step 

for using cooled semen (Isachenko et al., 2004 a, b). 

However, cryopreservation requires the use of crypro-

tectants to increase sperm survival and protection of 
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sperm structure from damage under hypothermic condi-

tions because sperm cells have not the ability to adapt to 

subzero temperature degrees (Hezavehei et al., 2018). 

Furthermore, sperm cell membrane in mammalian is rich 

in polyunsaturated fatty acids which undergo peroxida-

tion, hence spermatozoa are mainly vulnerable to dam-

age caused by increasing reactive oxygen species and in-

ducing oxidative stress (Thomson et al., 2009). In differ-

ent animal species, various types of antioxidants were 

supplemented into the semen extender during freezing to 

mitigate oxidative stress (Silva and Gadella, 2006; de 

Lamirande and O’Flaherty, 2008). Several antioxidants 
were reported for treating male infertility by counteract-

ing ROS and preserving quality of cryopreserved semen 

(Iovine et al., 2012) by reducing sperm ROS levels fol-

lowing the thawing process (Kalthur et al., 2011). En-

riching sperm medium with antioxidants could be an ef-

fective approach to counteract sperm damage induced by 

cryopreservation (Bucak et al., 2010 a, b; Silva et al., 

2012). 

Curcumin (CM) is a major phytochemical com-

monly found in turmeric (Curcuma longa) and responsi-

ble for the vibrant yellow color of Curcuma longa and is 
currently recognized to be in charge for the majority of 

its remedial effects (Aggarwal et al., 2007). CM has an 

effective ROS scavenger activity and a powerful inhibi-

tor of lipid peroxidation (Bucak et al., 2012; Tvrda et al., 

2016). Energy-promoting and protective properties of 

CM on male reproduction were indicated by in-vivo (Sa-

lahshoor et al., 2012) and in-vitro studies (Bucak et al. 

2012; Soleimanzadeh and Saberivand 2013; Tvrda et al., 

2016).  

Some reports indicated that supplementation of CM-

NF in semen extender can enhance the freezing ability of 

sperm cells in rabbits (Abdelnour et al., 2020), and using 
CM-NF can enhance semen quality and freezing ability 

by decreasing oxidative stress and protecting the sperm 

cells from cryo-damage (de Lamirande and O’Flaherty, 

2008; Bucak et al., 2010 a,b; WHO, 2010). 

Recently, substitution of 18% egg yolk in Tris-ex-

tender with 1.5% soybean lecithin showed a beneficial 

impact on parameters of cryopreserved rabbit spermato-

zoa and prolificacy of doe rabbits (Younan et al., 2021). 

Comparing the potential protective and antioxidant ac-

tivity of CM or CM-NF added to different types of ex-

tenders during cryopreservation on sperm parameters is 
still needed.  

Therefore, aim of the present study was to evaluate 

the effect of CM-NF, supplemented into Tris-egg yolk or 

Tris-soybean lecithin, on rabbit motility, livability, ab-

normality, integrity of membrane and acrosome of sper-

matozoa in rabbit semen after dilution, equilibration, and 

thawing.  

2. Materials and methods 

This study was in frame of the scientific cooperation 

between Animal Production Research Institute (APRI) 

and Animal Production Department, Faculty of Agricul-

ture, Tanta University. 

2.1. Semen donors 

Semen was collected from 10 healthy and sexually 

mature White New Zealand rabbit bucks (6.6–7.8 mo-old 

and 3.45-3.95 kg LBW). Rabbit bucks were kept under 

climatic, nutritional, and managerial conditions of Sakha 

Experimental Station, Kafrelsheikh governorate, belong-

ing to Animal Production Research Institute (APRI), 

Egypt during the interval from December to January 

2022. Bucks were fed a commercial complete feed diet 

in pellet form containing 17% crud protein,14% crud fi-

ber, and digestible energy (2840 Kcal/kg). 

2.2. Semen collection 

Semen ejaculates were taken by collection of semen 

once/week for 10 weeks (100 ejaculates). An artificial 

vagina of rabbits was used for semen collection. Only 
ejaculates with ≥75% initial motility were pooled for cry-

opreservation processes in this experiment.  

2.3. Semen dilution, experimental extenders and 

freezing processes  

After semen collection, semen was pooled (10 ejacu-

lates) and transported into the laboratory in International 

Livestock Management Training Center, belonging to 

APRI in a water bath (37oC). In the laboratory, semen 

was distributed into eight equal portions, the 1st fourth 

portions were extended with Tris-extender supplemented 

with CM-NF (Sigma Company, Egypt) at levels of 0, 1.5, 
2, and 2.5 µg/mL (TEY), while the 2nd fourth portions 

(TSBL) were extended with the same levels of CM-NF. 

Composition of both TEY and TSBL extenders is shown 

in Table 1. 

Table 1. Composition of extenders used in dilution of 

rabbit semen. 

Extender component TEY TSBL 

Tris (g) 3.025 3.025 

Citric acid (g) 1.675 1.675 

Fructose (g) 1.250 1.250 

Egg yolk (mL) 20.00 ------ 

Soybean lecithin (g) -------- 1.500 

Dimethyl sulfoxide (mL) 6.000 6.000 

Streptomycin (g) 0.005 0.005 
Lincomycin (g) 0.250 0.250 

Bidistilled water Up to 100 mL 

Semen was extended (1 semen: 10 extender) at 37 °C 

with different types of extenders, then five semen sam-

ples of each extender was evaluated. The diluted semen 

was subjected to equilibration period of 2 hours at 4-5 °C, 

then post-equilibrated semen was packaged in straws 

(0.25 ml, IVM technologies, L′ Aigle, France), exposed 

to liquid nitrogen (LN) vapor for 10 min and stored in 

LN at -196 °C for one week at least (Salisbury et al., 

1978).  

2.4. Sperm manual analysis 

Evaluation of semen was achieved after dilution, 

equilibration, and thawing at 37oC for 30 seconds in wa-

ter bath. Sperm manual analysis included percentages of 

progressive motility, livability, abnormality, membrane   

https://jsaes.journals.ekb.eg/
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integrity, and acrosome integrity of spermatozoa. 

Percentage of sperm progressive motility (count of 

sperm cells with forward movement in a long semi-arc 

pattern relative to total sperm cells in each field) was de-

termined in fie fields on a glass slide at a warm stage 

(37°C) of a phase-contrast microscope (DM 500; Leica, 

Switzerland). Percentage of live/dead sperm and abnor-

mality were examined in a semen smear stained with 5% 

eosin and 10% nigrosine using a phase-contrast micro-

scope at 400× magnification. Dead (stained cells) or live 

(unstained cells) in each of five fields was counted, then 

percentage of live sperm was calculated as number of 
live cells relative to total number of cells in each field. 

Number of sperm cells with abnormalities in head and 

tail of spermatozoa, and sperm cells with cytoplasmic 

droplets were counted for computing the percentage of 

total morphological abnormalities (Menon et al., 2011). 

Acrosome integrity was determined in terms of sper-

matozoa with intact and attached acrosome in a semen 

smear stained by Giemsa using a light microscope at 

1000x using oil immersion lens. Giemsa stock solution 

contained 3.8 g Giemsa, 375 ml absolute methanol, and 

125 ml glycerol. According to Brackett and Oliphant 
(1975), Giemsa stain mixture was stored at 37°C for one 

week before use. Semen was smeared on a pre-warmed 

slide, dried, fixed in 10% buffered formal saline for 15 

min, washed by tape water, air dried, and stained by 

Giemsa.  

In at least four microscopic fields, number of sperm 

cells with normal acrosome was counted, then acrosome 

integrity was calculated for about 200 spermatozoa ran-

domly selected. The acrosome was considered to be nor-

mal when the stain was clearly and evenly distributed 

over the spermatozoa anterior to equatorial segment. 

2.5. Statistical analysis 

Homogeneity and normality of distribution of all nu-

merical data have been checked using Lieven’s test and 

Shapiro-Wilk test, respectively.  

Data were statistically analyzed as a factorial design 

(2 extender types x 4 CM-NF levels) using computer pro-

gram of SAS (2004) to study the effect of extender type, 

CM-NF level, and their interaction on different parame-

ters studied using the following model: 

Xijkl = µ +Pi +Nk+PNik + Eikl 

where: µ = general mean, Pi = fixed effect of extender 

type (1, 2), Nk = fixed effect of CU-NF level (1-4), PNik 
= the interaction between extender type and CU-NF level, 

and Eikl = random error.  

The significant differences for the effect of CM-NF 

level were separated by Duncan's test at a level of P<0.05. 

Data were presented as mean±SE. 

3. Results  

3.1. Effect of extender type (TEY vs. TSBL)  

Effect of extender type was non-significant on all 

sperm characteristics studied, including progressive mo-

tility (PM), livability (LS), abnormality (SA), membrane 

integrity (MI), and acrosome integrity (AI) percentages 

in post-diluted semen (Table 2). Effect of extender type 

on PM, LS, SA, MI, and AI was after equilibration (Ta-

ble 3) and thawing (Table 4) was also not significant. 

 

 Table 2. Effect of extender type on sperm parameters 

of rabbits after dilution. 

Sperm  

variable  

Extender type 
P-value Sign. 

TEY  TSBL 

PM (%) 76.7±1.03 74.6±0.99 0.142 ns 

LS (%) 79.9±1.00 76.8±1.16 0.100 ns 

SA (%) 13.3±0.67 12.8±0.78 0.501 ns 

MI (%) 76.4±1.30 73.9±1.68 0.163 ns 

AI (%) 78.4±1.29 75.5±1.48 0.070 ns 

ns: not significant. 

 

 

Table 3. Effect of extender type on sperm parameters of 

rabbits after equilibration. 

Sperm var-

iable 

Extender type 
P-value Sign. 

TEY) TSBL 

PM (%) 72.9±0.66 71.7±1.30 0.212 ns 

LS (%) 75.5±1.00 75.2±1.42 0.778 ns 
SA (%) 14.5±0.71 14.8±0.72 0.699 ns 

MI (%) 69.0±1.23 66.8±1.69 0.225 ns 

AI (%) 73.5±1.44 71.1±1.71 0.169 ns 

ns: not significant. 

 

Table 4. Effect of extender type on sperm parameters of 

rabbit after thawing. 

Sperm  

variable  

Extender type 
P-value Sign. 

TEY TSBL 

PM (%) 44.6±1.72 42.1±2.10 0.3011 ns 

LS (%) 48.1±1.86 45.7±1.96 0.2711 ns 

SA (%) 21.2±0.72 21.9±0.80 0.4002 ns 

MI (%) 44.0±1.23 42.3±1.57 0.3248 ns 

AI (%) 48.8±1.43 46.3±1.70 0.2985 ns 

ns: not significant. 

 

3.2. Effect of CM-NF level (0, 1.5, 2, and 2.5 of µg/mL) 

All sperm parameters in post-diluted semen were af-

fected significantly by the level of CM-NF. Results 
showed that CM-NF at a level of 1.5 µg/mL in semen 

extender significantly (P<0.05) increased sperm param-

eters, including PM, LS, MI, and AI, while decreased SA 

percentage after dilution in comparing with free-extender. 

The differences in all sperm parameters between se-

men extended with CM-NF at level 2 and free-extender 

were not significant. However, CM-NF significantly 

(P<0.05) decreased PM and LS percentage as compared 

to control in post-diluted semen (Table 5). 

 

Table 5. Effect of different levels of CM-NP on sperm 

parameters of rabbit after dilution. 

Item 
Level of supplementation (µg/mL) 

0 1.5 2 2.5 

PM (%) 75.8±0.60b 81.7±0.59a 75.0±1.23b 70.0±0.77c 
LS (%) 79.0±0.75b 84.8±0.66a 77.2±1.34b 72.3±0.81c 

SA (%) 13.3±0.66a 9.2±0.66c 13.5±0.57b 16.3±0.96a 

MI (%) 73.5±1.47b 81.5±1.26a 76.2±2.32ab 69.5±1.86b 

AI (%) 75.5±1.63bc 82.8±1.09a 78.3±2.10ab 71.2±1.43c 

a, b, and c: Means within the same row with no common 

superscript are significantly different at P<0.05. 
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The effect of CM-NF level on all sperm parameters 

was significant (P<0.001) after equilibration (Table 6) 

and thawing (Table 7). In semen after equilibration and 

thawing, only semen diluted with CM-NF at level of 1.5 

µg/mL showed significantly (P<0.05) the highest im-

provement in all semen parameters as compared to other 

CM-NF levels and free-extender. However, other CM-

NF levels showed insignificant differences with the con-

trol extender (Tables 6 and 7). 
 

 

3.3. Interaction effect (extender x CM-NF) 

The interaction effect of extender type x CM-NF on 

all sperm parameters after dilution was not significant 

(P>0.05). PM, LS, SA, MI, and AI percentages was bet-

ter with both extenders supplemented with CM-NF at 

level of 1.5 µg/mL as compared to other CM-NF levels 

and free-extender. Sperm parameters were slightly 

higher in semen diluted with TEY than TSBL (Fig. 1). 

 
Table 6. Effect of different levels of CM-NP on sperm 

parameters of rabbit after equilibration. 

Item 
Level of supplementation (µg/mL) 

0 1.5 2 2.5 

PM (%) 70.8±0.56bc 77.5±0.75a 73.3±1.42b 67.5±1.15c 

LS (%) 73.7±1.06bc 82.5±1.01a 75.0±1.55b 70.2±0.89c 

SA (%) 15.8±1.10a 11.3±0.28b 16.2±1.12a 15.3±0.66a 

MI (%) 66.3±1.62b 73.8±1.27a 69.0±2.30ab 62.5±1.73b 

AI (%) 70.5±1.52bc 79.8±1.70a 73.0±2.07b 65.8±1.64c 

a, b, and c: Means within the same row with no common 

superscript are significantly different at P<0.05. 

 

Table 7. Effect of different levels of CM-NP on sperm 

parameters of rabbit after thawing. 

Item 
Level of supplementation (µg/mL) 

0 1.5 2 2.5 

PM (%) 40.8±2.02b   50.8±2.02a   45.0±1.88ab 36.7±2.24b   

LS (%) 43.3±1.85bc 55.7±2.01a 49.0±2.20ab 39.5±2.28c 
SA (%) 22.5±0.93a 17.7±0.28b 23.2±1.09a 22.8±0.97a 

MI (%) 41.5±1.57ab 49.0±1.21a 44.2±2.18ab 38.0±1.56b 

AI (%) 45.8±1.45bc 55.0±1.66a 48.2±2.11b 41.0±1.66c 

a, b, and c: Means within the same row with no common 

superscript are significantly different at P<0.05. 

 

The effect of interaction between extender type and 

CM-NF level on all sperm parameters after equilibration 

was not significant (P>0.05). These results reflected in-

creased percentages of PM, LS, MI, and AI, and decreas-

ing percentage of SA in both TEY- and TSBL-semen 

supplemented with CM-NF at level of 1.5 µg/mL in com-

parison with other CM-NF levels and free-extender (Fig. 
2). 

In semen after thawing, also extender type did not in-

teract with CM-NF level for all sperm parameters, re-

flecting higher percentages of PM, LS, MI, and AI, and 

decreasing percentage of SA in both types of extenders 

supplemented with CM-NF at level than other CM-NF 

levels and control. For supplementation of CM-NF at 

level of 1.5 µg/mL, sperm parameters including percent-

ages of PM, LS, and MI increased, whilst SA percentage 

decreased in thawed semen with TEY than TSBL; how-

ever, AI percentage was slightly higher in TSBL than 

TEY extender (Fig. 3). 

 

4. Discussion 

Over the last few decades, sperm cryopreservation 

techniques have promptly progressed in animals for 

achieving successful fertilization via assisted reproduc-

tive technique. This technique helps preserve and trans-

portation of valuable genetics for the fields of agriculture 
and biomedical research. During cryopreservation, sper-

matozoa are undergoing different stressors causing a re-

duction in the sperm fertilizing ability. 

 

 
Fig. 1. Effect of extender treatment on progressive 

motity (PM), livability (SL), abnormality (ABN), 

membrane integrity (MI), and acrosome integrity 

(AI) in rabbit semen post dilution.  

 
Fig. 2. Effect of extender treatment on progressive 

motity (PM), livability (SL), abnormality (ABN), 

membrane integrity (MI), and acrosome integrity 

(AI) in rabbit semen post equilibration.  

 

0
5

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90

PM LS SA MI AI

P
o

st
 d

ilu
ti

o
n

 (
%

)

TEY0

TEY1.5

TEY2

TEY2.5

TSBL0

TSBL1.5

TSBL2

TSBL2.5

0
5

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90

PM LS SA MI AI

P
o

st
 e

q
u

ili
b

ra
ti

o
n

 (
%

)

TEY0

TEY1.5

TEY2

TEY2.5

TSBL0

TSBL1.5

TSBL2

TSBL2.5

https://jsaes.journals.ekb.eg/


JSAES 2024, 3 (1), 10-17. https://jsaes.journals.ekb.eg/  

 

Page | 14 

 

 
Fig. 3. Effect of extender treatment on progressive 

motity (PM), livability (SL), abnormality (ABN), 

membrane integrity (MI), and acrosome integrity 

(AI) in rabbit semen post thawing. 

  

Many reports have engrossed on enhancing quality 
of spermatozoa and elimination of the negative effects of 

oxidative stress by antioxidant supplementation (Ham-

madeh et al., 1999) and nanoparticles (Tejada et al, 1984; 

Padron et al., 1997; Slobodan et al., 2001). 

In one study on the effect of CUR nanoparticles on 

improving semen quality of rabbit semen after cryopres-

ervation (Abdelnour et al., 2020), it was accepted nano-

particles having low zeta potential values, the zeta poten-

tial of CM nanoparticles was -25 mV which presented 

strong stability of CMNPs then there will be no force to 

avoid the particles pending flocculating and together. 

Authors studied the effect of CM nanoparticles (0.5, 1, 
and 1.5 µg/mL), supplemented into Tris-egg yolk-fruc-

tose on post/thawed rabbit sperm quality.  

On the other hand, recently, the usage of SBL as an 

alternative of egg yolk in Tris-extender showed success-

ful in improving rabbit semen quality (Younan et al., 

2021). The interaction effect of extender type (cold 

chock protectants) and antioxidant source was reported. 

Therefore, we aimed to evaluate the usage of CM-NF at 

different levels (1, 1.5, and 2 µg/mL) in two types of 

Tris-extenders (TEY vs. TSBL) on quality and freezing 

ability of rabbit spermatozoa. In our study, extender type 
had non-significant effect on all sperm parameters, in-

cluding PM, LS, SA, MI, and AI in rabbit semen after 

dilution, equilibration, and thawing. These results indi-

cated the efficiency of SBL as an alternative to egg yolk 

in maintaining sperm characteristics during different pro-

cesses of rabbit semen cryopreservation. 

The effect of extender type on physical characteris-

tics of spermatozoa was studied by many authors. Dilu-

tion of semen in a suitable buffer is one of the important 

factors affecting sperm survival during cryopreservation 

(Rasul et al., 2000). An ideal buffer should have: 1) pH 
between 6 and 8, preferably 7; 2) maximum water solu-

bility and minimum solubility in all other solvents; 3) 

minimum salt effects; 4) minimum buffer concentration; 

5) least temperature effect; 6) well behaved cation inter-

actions; 7) greater ionic strengths, and 8) chemical sta-

bility (Keith and Morrison, 1981).  

The absence of significant differences between TEY 

and TSBL in all rabbit sperm parameters studied post di-

lution, equilibration, and thawing may be due to good 

quality of the composition of both semen extender ac-

cording to Samad (1985) and Chaudhari and Mshelia 

(2002), who stated that semen extender must be con-

tained sources of energy (glucose in both), buffering ca-

pacity (Tris in both), protectant against cold shock (egg 

yolk in TEY and SBL in TSBL), cryoprotectant (glycerol 

in both), and antibiotics (Lincomycin and streptomycin 

in both). The lecithin in soybean or lecithin and lipopro-

tein contents in egg yolk together contribute to the 
preservation of the lipoprotein sheath of the sperm cell 

(Kumar et al., 1992).  

Our results were evidenced recently by Younan et al. 

(2021), who found that addition of SBL (1.5%) as an al-

ternative to egg yolk (18%) in tris-extender had benefi-

cial impacts on quality of cryopreserved rabbit sperma-

tozoa. However, SBL cannot replace egg yolk in Tris-

citric-fructose or Tris-citric-fructose  mineral  salts ex-

tenders in chilling canine sperm (Nguyen et al., 2019). 

Regarding the effect of CM-NF levels, regardless 

extender type, the optimal level in both extenders was 1.5 
µg/mL to obtain significantly the highest PM, LS, MI, 

and AI, and the lowest SA percentage in comparison with 

free extender. Both extenders supplemented with CM-

NF at a level of 2 µg/mL failed to have significantly 

(P>0.05) positive impacts on sperm characteristics over 

the free-extender following all cryopreservation pro-

cesses. On the other hand, we found adverse effects by 

increasing level of CM-NF to 2.5 µg/mL on PM, LS, and 

SA only in post-diluted semen, beside no effects on all 

sperm characteristics after equilibration and thawing. 

Generally, the results of the present study indicated in-

significant interaction effect of extender type with CM-
NF level on all sperm characteristics studied, clearing the 

highest impact of CM-NF at a level of 1.5 µg/mL in both 

extenders. 

In accordance with the obtained results in our study, 

addition of CM in native form or nan-particles into Tris-

egg yolk fructose extender (TEYF) significantly in-

creased sperm motility, viability, and membrane integ-

rity, and reduced sperm abnormality (Abdelnour et al., 

2020). In an early study, Srinivas et al. (1992) have 

shown that the supplementation of CM in extender sig-

nificantly improved the viability and reduced necrosis 
and apoptosis of sperm cells in post-thawed semen of 

men. In in-vivo studies, feeding low-protein diet with 

CM and CM nano-particles significantly increased sperm 

progressive motility, livability, and decreased sperm ab-

normality of rats (WHO, 2010). In sheep, dietary CM 

supplementation decreased testicular apoptosis and re-

duced the gene expression caspase-3 in the testes tissues 

(Azza et al., 2011).  

Moreover, it was also demonstrated that, the addi-

tion of selenium nanoparticles in freezing medium, sig-

nificantly improved sperm viability and motion features 

of Holstein bulls (de Lamirande and O’Flaherty, 2008; 
Khalil et al., 2019), and had beneficial effects on post-

thaw survival of sperm cells in ram and human (Silva and 

Gadella, 2006; Dev et al., 2013), respectively. Nano-par-

ticles of cerium oxide revealed positive impacts on ram 
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stored at 4oC for 96 hours (Falchi et al., 2018). 

Generally, CM as a natural antioxidant exhibited 

beneficial effects on rabbit semen quality (Abdelnour et 

al., 2020). The general usage of nanoparticles is consid-

ered as a promising strategy for maintaining fertility of 

sperm cells during extended storage in different livestock 

(Terquem and Dadoune, 1982). The reduction in aqueous 

solubility, bioavailability, stability, metabolism, and 

half-life of native CM were improved by CM-NF (Tejada 

et al., 1984). Many authors reported alterations in lipid 

peroxidation, ROS generation, sperm capacitation 

caused by cryopreservation (Rotem et al., 1990) and 
acrosome reaction in spermatozoa, resulting in failure 

male fertility potential (Amidi et al., 2016; de Lamirande 

and O’Flaherty, 2008).  

The imbalance in ROS generation and activity of an-

tioxidant enzymes resulted in oxidative stress on sperm 

cells during cryopreservation and is critical factor on 

maintaining the sperm function to increase sperm ferti-

lizing capacity. In our study, the addition of CM-NF to 

the Tris-egg yolk or Tris-soybean lecithin extenders of 

rabbit semen was assessed for constraining the injurious 

impacts of inducing oxidative stress, which negatively 
affect the sperm cells during the freezing procedures. 

This impacts on sperm characteristics may be attributed 

to increasing total antioxidant capacity and activity anti-

oxidant enzyme activity of super oxide dismutase (SOD), 

and glutathione peroxidase (GPx), and decreasing the ox-

idative markers such as malondialdehyde (Abdelnour et 

al., 2020).  

In the antioxidant defense system, CM improved an-

tioxidant enzyme activity of SOD and glutathione activ-

ity in the seminal plasma by sustention of the mitochon-

drial redox signaling and respiratory functions (Raza et 

al., 2008). Also, Slobodan et al. (2001) found that CM 
nano-particles had the ability to diminish the negative 

impacts of free radicals during semen cryopreservation. 

Finally, CM-NF can mitigate oxidative stress via down-

regulation of the level of H2O2 and protecting sperm cells 

by inflammatory properties of CM to maintain sperm 

quality (Sharma and Singh, 2010). 

5. Conclusion 

Conclusively, there were no differences between 

TEY and TSBL extenders in maintaining rabbit sperm 

characteristics after cryopreservation. Supplementation 

of either TEY or TSBL extenders with CM-NF can im-
prove the progressive motility, livability, membrane in-

tegrity and acrosome integrity in cryopreserved rabbit se-

men. These positive impacts might be due to antioxidant 

capacity of CM-NF. The highest impacts were recorded 

by CM-NF at a level of 1.5 µg/mL. 
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