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ABSTRACT 

Cholesterol maintains sperm membranes at low temperatures resulting in improved tolerance to 
cryopreservation. The fact that cholesterol is insoluble in aqueous medium including many semen 
extenders is a major barrier. This study evaluated in vitro effect of cholesterol-loaded cyclodextrin 
(CLC) on preventing post-thawing sperm cell injuries in Zaraibi goat. Forty ejaculates from five mature 
Zaraibi bucks collected using artificial vagina were pooled. Semen was diluted with Tris-extender 
containing (0, 1, 2, 4 and 8 mg/ml) CLC and frozen in liquid nitrogen. Post-thawing evaluation of sperm 
parameters, enzymes leakage, cholesterol, cholesterol: phospholipid ratio as well as sperm ultrastructure 
was performed. After thawing, all treated groups except for dose 8 mg/ml had increased motility % 
when compared to untreated group. Moreover, 2 mg/mL CLC treated group had the highest percentages 
of motility and membrane integrity. Adding 1, 2 and 4 mg/mL CLC to extender reduced enzymes 
leakage (GPT, GOT, ALP) in comparison with control. Moreover, cholesterol concentration increased 
with increasing CLC dose. In addition, cholesterol: phospholipid ratio increased significantly (P<0.05) 
with CLC at doses 2 and 4 mg/ml. Electron microscope micrographs of sagittal sections of the frozen 
thawed goat sperm head treated with 2 mg/ml CLC showed intact outer and inner acrosomal membrane, 
normal nuclear density and intact plasma membrane. In conclusion, supplementation of Tris extender 
with 2 mg/ml CLC prior to cryopreservation of goat semen could be successfully used to improve goat 
sperm cryosurvival without any adverse effects. 
  
Keywords: cholesterol-loaded cyclodextrin, cryopreservation, biochemical constituents, sperm 

ultrastructure and goats 

Introduction 
Cryopreservation of semen allows the conservation of good genetic resources and the protection 

of threatened species (Gürler et al., 2016). It is well known that the process of sperm freezing and 
thawing not only results in adverse changes in membrane lipid composition, acrosome status and sperm 
motility and vitality but also causes an increase in sperm DNA damage (Said et al., 2010). 
Consequently, approximately 50% of the spermatozoa in an ejaculate survive following 
cryopreservation process (Gangwar et al., 2016). Cholesterol, a major structural component of cell 
membranes, plays a vital role as a regulator of membrane function and acts as an important factor of 
membrane fluidity and permeability (Lee et al., 2015). In addition, it reduces the phase transition 
temperature of membranes and maintains them in a fluid state resulting in reducing membrane damage 
occurs at low temperatures (Amann, 1999). Salmon et al. (2017) reported that enrichment of sperms 
with cholesterol maintained membranes less permeable to water during osmotic changes and preserved 
fluidity at low temperatures which make sperms less prone to cryopreservation damaging effects. 
However, cholesterol is insoluble in an aqueous medium including many semen extenders. Cholesterol 
can be integrated into sperm membranes by using cyclodextrins that can solubilize hydrophobic 
molecules, such as cholesterol, and then transfer them into the plasma membrane (Purdy and Graham, 
2004). It was found that addition of CLC prior to freezing increased the percentage of live sperm after 
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thawing demonstrating the ability of exogenous cholesterol to protect the plasma membrane during 
cryopreservation (Salmon et al., 2017).  In bulls, CLC added to extender before cryopreservation 
increased percentage of post-thawed sperm motility compared to untreated sperms (Purdy and Graham, 
2004). Nasser et al. (2015) reported that CLC protected ram sperm against hydrogen peroxide induced 
oxidative damage. Therefore, the aim of this study was to determine the effect of supplementation of 
CLC different concentrations on sperm parameters, enzyme leakage, concentrations of cholesterol and 
phospholipids as well as sperm ultrastructure after freeze-thawing process of Zaraibi goat semen. 

 
Materials and Methods 
 
Animals and semen collection:  

Five Zaraibi bucks aged 18-30 months were housed in clean wide semi- open shed stalls in the 
experimental farm of Animal Reproduction Research Institute (ARRI), Agriculture Research Center, 
Giza, Egypt. All bucks were of good general healthy condition. Semen samples were collected once a 
week during the winter using artificial vagina (40 ejaculates). Semen was transported to the laboratory 
immediately after collection and incubated at 37 °C for evaluation. Only good quality semen samples 
were pooled and used for cryopreservation (motility; ≥80%; sperm concentration ≥ 2 × 109 sperm/ml). 
After pooling, samples were centrifuged at 1800 rpm/15 minutes to remove the seminal plasma then 
diluted with Tris extender to a final dilution of 120× 106 /ml. Then, diluted samples were divided into 
five portions that supplemented with different levels of CLC (0, 2, 4, 6, 8 mg/ml). 

 
Preparation of extender and cyclodextrin: 

Tris extender consisted of 15% egg yolk, 300 mM Tris, 28 mM glucose, 95 mM citric acid and 
5% glycerol. Methyl-β-cyclodextrin was loaded with cholesterol according to the procedure adopted by 
Purdy and Graham (2004). 
  
Semen cryopreservation:  

Diluted semen samples were refrigerated to 5°C over 2 hours in cold cabinet (IMV, France), 
loaded into 0.25 ml straws (IMV, France), thermally sealed and permitted to equilibrate at 5 °C for 
90 min, before being exposed to liquid nitrogen vapor (–120 °C) for 15 min. Finally, samples were 
immersed into liquid nitrogen (–196 °C) and stored till used.   

  
Evaluation of frozen sperm quality: 
 
Post-thawing sperm motility: 

A drop of frozen-thawed semen was placed on a pre-warmed slide and covered with a coverslip. 
Total motility percentage was evaluated under a phase-contrast microscope at x 200 magnification 
(Hafez and Hafez, 2013). 

 
Viability index: 

Five straws from each treatment were incubated at 37oC in a narrow glass tube. Estimation of 
motility was done at hourly intervals over a period of 3 hours.  The viability index was calculated 
according to (Milovanov, 1962) to be equal to half of the post-thaw motility in addition to the 
summation of recorded motility at 1st, 2nd and 3rd hours post-thawing. 

 
Membrane Integrity: 

Hypoosmotic swelling test (HOST) was performed according to Aisen et al. (2005). Briefly, 25 
µL sperm sample from each treatment was added to 475 µL of fructose solution adjusted to 100 
mOsm/L. After incubation at 35 oC for 15 min, sperm plasma membrane integrity was estimated. A 
total of 200 sperms from each replication were counted under bright field microscope at ×400 
magnification. 

 
Acrosomal Membrane Integrity: 

Giemsa stained semen smears were examined using phase contrast microscope (x1000) according 
to method described by Watson (1975). 
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Biochemical assays: 
All kits were purchased from Diamond-diagnostic Company, Egypt. 
 

Enzymatic activities in goat seminal plasma: 
Determination of Glutamic-Oxaloacetic Transaminase (GOT) and Glutamic-Pyruvic 

Transaminase (GPT) activities were measured in seminal plasma of goats according to method of 
Reitman and Frankel (1957). Seminal plasma alkaline phosphates (ALP) activity was determined 
according to method of Belfield and Goldberg (1971). 

 
Determination of cholesterol and phospholipids in goat seminal plasma: 

Cholesterol was estimated according to enzymatic colorimetric method adopted by Ellefson and 
Caraway (1976) while, concentrations of phospholipids were assessed according to colorimetric method 
adopted by Connerty et al. (1961). 

 
Ultra-structure analysis of the cryopreserved spermatozoa:  

Ultra-structure changes occurred for the cryopreserved goat spermatozoa were evaluated 
according to a method described by Boonkusol et al., (2010). Randomly selected fields were examined 
by a transmission electronic microscope (JEOL-EM-100 S at 80 Kv at Faculty of Agriculture Cairo 
University - Electron Microscopy Unit) (Giza, Egypt) and photographed for further analysis. 

 
Statistical analysis: 

Data were analysed by one-way analysis of variance (ANOVA) using computer software (SPSS 
16.0, SPSS Inc., Chicago, USA). Duncan’s multiple range tests were used to differentiate between 
significant means, the P value ≤ 0.05 was considered statistically significant. Results were expressed as 
mean ± SEM.  

 
Results 
 
Effect of different concentrations of cholesterol loaded cyclodextrin on frozen-thawed goat semen 
parameters: 

As shown in table (1), total motility % showed no significant differences among groups after 
semen dilution. After thawing, all treated groups except for dose 8 mg/ml displayed significant (P<0.05) 
increases in motility % when compared to untreated group. 2mg/mL CLC treated group had the highest 
percentages of motility and membrane integrity (59.00 ± 1.87 and 62.20 ±1.77, respectively) in 
comparison with control (42.00 ± 2.00 and 49.60 ± 1.99, respectively). Adding 1, 2 and 4 mg/mL CLC 
to extender significantly (P<0.05) reduced acrosomal defects %. It is clear from figure (1 A) that the 
viability of sperms increased significantly (P<0.05) in 1, 2 and 4 mg/mL CLC groups and decreased 
significantly (P<0.05) in 8 mg/mL CLC group when compared with the control group (98.00 ± 3.91. 
On the other hand, figure (1 B) shows that 2 mg/mL CLC group had the lowest reduction motility % 
(26.73 ± 3.67) compared to control (46.25± 1.17). 
 
Table 1: Effect of different concentrations of cholesterol-loaded cyclodextrin on frozen-thawed goat 

semen parameters: 

Treatment 
Dilution motility 

% 
Post thawing 
motility % 

Membrane 
integrity % 

Acrosome Defect 
% 

Control 78.00 ± 2.55 a 42.00 ± 2.00 c 49.60 ± 1.99 c 27.00 ± 0.71 b 
1 mg/ml 80.00 ± 2.24 a 52.00 ±2.55 b 52.20 ±2.08 c 18.20 ±0.86 d 
2 mg/ml 81.00 ± 2.92 a 59.00 ± 1.87 a 62.20 ±1.77 a 16.00 ± 0.71 d 
4 mg/ml 77.00 ±1.23 a 51.00 ±1.87 b 57.00 ± 0.84 b 18.80 ± 0.86 c 
8 mg/ml 75.00 ± 3.54 a 45.00 ±1.58 c 41.40 ± 0.87 d 32.20 ± 1.16 a 

Data represents Mean ±SEM. 
Different superscripts (a, b, c, d) within each column are significantly different at (P < 0.05). 
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Fig. 1: Effect of different concentrations of cholesterol-loaded cyclodextrin on: A) viability index of 

frozen-thawed goat semen, and B) reduction motility % of frozen-thawed goat semen. 
 

Effect of different concentrations of cholesterol-loaded cyclodextrin on enzyme leakage of frozen-
thawed goat semen:  

Table (2) shows that treating sperms with CLC (1, 2, 4 mg/ml) exhibited a significant (P<0.05) 
reduction in enzymes leakage (GPT, GOT, ALP) compared with the control. 2 and 4 mg/ml CLC treated 
groups recorded the lowest significant (P<0.05) activities of GPT (49.60 ± 2.58 and 55.40 ± 1.63, 
respectively), GOT (30.20 ± 1.24 and 34.80 ± 4.21, respectively) and ALP (241.20 ±12.31 and 352.00 
±12.41, respectively) compared with the control. 
 
Table 2: Effect of different concentrations of cholesterol-loaded cyclodextrin on enzyme leakage of frozen-

thawed goat semen:  
Treatment GPT (U/L) GOT (U/L) ALP (U/L) 

Control 62.60 ± 0.93 a 59.60 ± 3.01a 445.40 ± 19.93b 
1 mg/ml 54.80 ± 2.18 b 45.40± 8.64 ab 405.40 ± 13.32b 
2 mg/ml 49.60 ± 2.58 b 30.20 ± 1.24 c 241.20 ±12.31d 
4 mg/ml 55.40 ± 1.63 b 34.80 ± 4.21 bc 352.00 ±12.41 c 
8 mg/ml 67.40 ± 1.63 a 45.20 ±1.24 ab 597.80 ± 6.62 a 

Data represents Mean ±SEM. 
Different superscripts (a, b, c, d) within each column are significantly different (P > 0.05). 
 

Effect of different concentrations of cholesterol-loaded cyclodextrin on cholesterol level, 
phospholipids levels and cholesterol: phospholipid ratio of frozen-thawed goat semen: 

Table (3) explains that there was a significant increase (P<0.05) in cholesterol concentration as 
the CLC dose increased in comparison with control. Concentration of phospholipids level showed 
significant increase (P<0.05) in 8 mg/ml treated group when compared to the control (837.40±54.83, 
595.40±21.58, respectively). In addition, cholesterol: phospholipid ratio increased significantly 
(P<0.05) with CLC at doses 2 and 4 mg/ml (0.61±0.01and 0.68±0.01, respectively) when compared to 
the control (0.50±0.01). 

 

Table 3: Effect of different concentrations of cholesterol-loaded cyclodextrin on cholesterol level, phospholipids 
levels and cholesterol: phospholipid ratio of frozen-thawed goat semen:  

Treatment 
Cholesterol 

(mg/dl) 
Phospholipids 

(mg/dl) 
Cholesterol:  

Phospholipids ratio 
Control 295.20±5.30 d 595.40±21.58 bc 0.50±0.01 cd 
1 mg/ml 334.40±9.21 c 647.20±14.39 b 0.52±0.02 c 
2 mg/ml 344.40±5.27 bc 565.00±12.12 bc 0.61±0.01 b 
4 mg/ml 357.60±6.11 ab 524.80±8.16 c 0.68±0.01 a 
8 mg/ml 373.80±9.58 a 837.40±54.83 a 0.45±0.02 d 

Data represents Mean ±SEM. 
Different superscripts (a, b, c, d) within each column are significantly different (P < 0.05). 
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Effect of different concentrations of cholesterol-loaded cyclodextrin on frozen-thawed goat sperm 
ultrastructure: 

Electron microscope micrographs from frozen semen in the control group showed swollen, 
degenerated and vacuolated plasma membrane, segmentation of the outer acrosomal membrane and non 
homogenized nucleus (Figure 2, A-B). Moreover, cross section in midpiece exhibited different degrees 
of mitochondrial degeneration. Electron microscope micrograph of sagittal sections of the frozen 
thawed goat sperm head treated with 2mg/ml CLC illustrated intact outer and inner acrosomal 
membrane, normal nuclear density and intact plasma membrane. Moreover, cross section in the mid 
peace region demonstrates good mitochondrial dense electron spaces (Figure 2, A-B). 

 
Fig. 2: Electron micrograph for a sagittal section in the sperm head from a frozen-thawed goat semen 
of control group illustrates A) swollen, degenerated and vacuolated plasma membrane, segmentation of 
the outer acrosomal membrane.  Cross section in midpiece exhibited different degrees of mitochondrial 
(M) degeneration (X 10000). B) swollen, degenerated and fenestrated plasma membrane, segmentation 
of the outer acrosomal membrane. Also, non homogenized nucleus is recognized (N) (X 20000). 
  

 
Fig. 3: Electron micrograph of A) a cross section in the mid-piece region and the tail from a frozen-
thawed goat sperm treated with 2 mg/ml CLC illustrating good mitochondrial dense electron spaces 
(×20000). Also, the sagittal section illustrating intact outer & inner acrosomal membranes in the 
electron density (×10000) and normal nuclear density (× 20000). B) a sagittal section in the sperm head 
from frozen-thawed sperm with 2 mg/ml CLC illustrating intact plasma membrane and the nucleus 
content (N) is homogenous in the electron density. Also, outer and inner acrosomal membranes are 
intact and the sub-acrosomal space is evident (× 20000). C) a sagittal section in the sperm head from 
frozen-thawed goat semen sample treated with 2mg/ml CLC illustrating intact plasma membrane (PM) 
and the nucleus content (N) is homogenous in the electron density (N). Also, outer and inner acrosomal 
membranes are intact and the sub-acrosomal space is evident (× 25000). 
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Discussion 
 

Cryopreservation damaging effect in goat is the main cause of poor results of artificial 
insemination with frozen semen either in vivo or in vitro. According to Yeste (2016), viability of 
spermatozoa after cryopreservation is being protected by many physiological barriers including; plasma 
and mitochondrial membranes as well as the acrosome. Furthermore, fluidity of cell membranes, 
structure and functions are kept by cholesterol at the physiological body temperature and this has been 
attributed to the complex effect of cholesterol on plasma membrane properties (Aksoy et al., 2010). 

Cholesterol plays important role in keeping the chemical and physical microenvironment needed 
by membrane proteins, regulating morphological characteristics and reducing permeability of 
membranes and phase changes besides its role as membrane antioxidant (Mocé et al., 2010a). 
Cholesterol acts as a natural membrane cryo-protectant supporting sperm function, tolerance and 
fertility during freezing and thawing (Salmon et al., 2017). Moreover, capacitation-like changes due to 
cryopreservation could be decreased by preserving adequate sperm cholesterol levels which increases 
fertilizing capacity of frozen semen and rises post-thawing cells viability. CLC has been reported to be 
associated with improvement of sperm acrosome integrity as well as protection against cryopreservation 
negative effects in ram (İnanç et al., 2018). Mocé et al. (2010b) observed that spermatozoa treated with 
CLC had higher post-thawing cholesterol in comparison with control sperms and this was related to 
longer tome for capacitation in sperms treated with CLC as loss of membrane cholesterol is part of 
capacitation. In the present study, CLC supplemented groups showed improvement in total motility as 
well as viability index, membrane integrity especially at 2 mg/ml dose. Sperm total motility, viability 
and membrane integrity as well as mitochondrial activity were elevated by CLC supplementation in 
vitro (Purdy and Graham 2004 and Mocé et al., 2010a). On the contrary, treatment of equine sperm 
with CLC did not produce significant changes in post-thawing motility although membrane integrity 
was improved (Zahn et al., 2002). They also reported that CLC-treated sperms had lower fertilizing 
ability than non CLC-treated sperms. These different results may be due to species difference. 

Regarding the acrosomal defect, our results showed that supplementation of cryopreservation 
extender with CLC decreased acrosomal defect % and protected the inner and outer acrosomal 
membranes when compared with the control group. Similar to our findings, CLC-treated sperms had 
reduced abnormal spermatozoa proportion and acrosome damage (Mansour, 2009) as well as decreased 
fragmentation of DNA (Katanbafzadeh et al., 2014). Also, Yadav et al. (2018) found that CLC 
supplementation could improve the membrane and acrosomal integrity and reduces primary and 
secondary acrosomal damages during cryopreservation of Hariana bull sperm. Barrera-Compean et al. 
(2005) reported increased motility of sperms after thawing with no significant effect on integrity of 
acrosomal and plasma membranes. Cryopreservation negatively affects the lipid composition and 
organization of the sperm plasma membranes, resulting in outflow of valuable intracellular enzymes, 
such aspartate amino transferase (Fraser and Pareek, 2018), leading to cell death. In the current study, 
CLC treated group showed a significant decrease of enzyme leakage after cryopreservation (except 8 
mg/ml dose). This may be due to the fact that exogenous cholesterol can increase sperm resistance to 
seminal plasma-induced damage (Salmon et al., 2017), preserving enzymes from leakage. These results 
were confirmed with HOST results as sperm membrane integrity was significantly higher when CLC 
was added specially at concentration 2 mg/ml. Increasing CLC dose up to 8 mg/ml resulted in a 
significant increase in ALP leakage than the control. This  may be due to that high concentration induced 
adverse effect, as it may has a toxic effect and this result was confirmed by increased acrosomal damage 
in the same group when compared with the control. According to Purdy and Graham (2004) and Mocé 
et al. (2010a), duplication of sperm cholesterol content and increasing C:P ratio could be achieved by 
CLC supplementation and these increases protect spermatozoa against cryopreservation associated 
negative effects. Cholesterol content and C: P ratio of fresh sperm is a predictor of sperm resistance or 
sensitivity to temperature fluctuations and the resistance to cold shock damages during cryopreservation 
(Watson, 1981). Increased sperm cholesterol content and C: P ratio after CLC supplementation could 
increase resistance of sperm membranes to cold shock and decrease membrane phase separations and 
consequently cellular components is protected from leakage (Mocé et al., 2010a). Actually, there are 
species differences in sensitivity of sperm to damage caused by cold shock and this is principally due 
to membrane C: P ratio and phospholipid composition (Holt, 2000). Cholesterol concentration is 
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inversely affecting the responsibility of plasma membrane for lipid phase transitions during cooling 
(Drobnis et al., 1993).  

Lone (2018) reported the modulating effect of C: P ratio on sperm resistance to phase transition 
taking place during cooling processes as supplementation of sperms with CLC increased content of 
membrane cholesterol leading to a decline in capacitation-like changes which might be accountable for 
improved survival of sperms. Furthermore, Salmon et al. (2017) postulated that the mechanism of action 
of CLC after interaction with cell membrane is through facilitating the cholesterol transfer into the 
membrane. The uptake of cholesterol supports the sperm membrane which restricts the transfer of water 
across the membrane during osmotic and temperature alterations and therefore, improves cryo-survival 
of sperm. Our results revealed that the increase of CLC dose up to (8 mg/ml) leads to adverse effects 
on the sperm parameters especially the acrosomal integrity.  This might be attributed to oversaturation 
of membranes with the cholesterol which adversely affect the sperm membrane permeability and 
fluidity. 
 
Conclusions 

Supplementation of Tris extender with CLC prior to cryopreservation of goat semen protects 
against freezing-thawing induced injuries in a dose-dependent manner. In addition, 2 mg/ml CLC 
treatment enhanced post-thaw semen quality, protected the enzyme from leakage and preserved the 
integrity of the fine structure and the mitochondrial arrangement of the spermatozoa and could be 
successfully used to improve goat sperm cryosurvival without any adverse effects. 
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