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he purpose of the current investigation was to assess the impact of Tris-extender enriched with a 

mixture of taurine and different concentrations of Cholesterol-loaded-cyclodextrins( CLC )on 

preservability of buffalo semen.  

Semen was extended in a Tris–citrate glycerol egg yolk extender. Different concentrations of CLC 

(1.0, 1.5 and2mg mL-1) and fixed concentration of Taurine (60mM) were added into the tubes 

containing the extended semen in Tris-Citrate-Fructose glycerol (TCFG) diluent with 20% egg yolk  

.The control tubes were TCFG containing (zero clc and zero taurine). The straws comprising the 

control (TCFG with zero CLC and zero Taurine) and the experimental extenders (TCFG containing 

different concentrations of CLC and the fixed concentration of Taurine) were exposed to the freezing 

process. In Tris taurine Cholesterol-loaded cyclodextrins (TTC) .Extended semen was evaluated 

initially, post cooling and post freezing. Post cooling  sperm motility, Alive sperm , sperm 

abnormalities and acrosomal percent were kept in all extenders as the control. Sperm membrane 

integrity (HOST) was considerably superior in all extenders if compared to the control. Post – 

thawing, sperm motility was significantly higher in TTC1and TTC3. Living spermatozoa was 

markedly higher in all extenders relative to the control. Sperm morphological abnormalities were 

notably inferior in TTC1 relative to the control. Sperm membrane integrity was extensively improved 

in all extenders as compared to control. Acrosomal integrity percent was reserved in all extenders 

relative to control. It could be fulfilled that, in cooled semen, Sperm membrane integrity was 

significantly higher in all extenders and other Sperm parameters were kept unchanged in comparison 

with the control. The post – thawed parameters and conception rate exhibited that, the superior was 

given with the first concentration (TTC1) . 
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Introduction  

Artificial insemination is mainly the regular 

assisted biotechnological mean applied to enhance 

animal productivity [1]. AI aim to control animal 

reproduction especially when using semen from 

progeny tested proven sires to guarantee improves 

super genetic and production parameters [2]. 

Moreover, semen freezing depends on the kind of 

diluent and its inclusions used to ameliorate the 

sperm cells stabilization among the freezing - 

thawing procedures [3]. 

The reduced fertility of bulls used in AI program is a 

causative factor for great economic losses especially 

when these bulls are genetically superior [4]. 

Buffalo spermatozoa are sensitive to 

cryopreservation process and exhibited poor 

freezability and fertility as compared to cattle [5]
 

.Freezing of buffalo semen exerts many stresses with 

cryoinjury of the cells[6].In this regard spermatozoal 

deterioration of the sperm membranes takes place 

upon cooling of cells from room temperature to 1ºC 

and below 18ºC, the sperm membranes suffer a phase 

transition into gel state as a result of efflux of 
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phospholipids leading to increased membrane 

permeability and cell death[7].  

Taurine cryoprotectant was enriched in the 

freezing diluent of bovines[8,9,10], swine[11-13], 

sheep[14], buck[15]and dog semen[16,17] to 

ameliorate the sperm quality post freezing. The 

antioxidant taurine exerts its effect through 

permeating the spermatozoal membrane and inhibit 

fatty acids peroxidation ,thus protecting the sperm 

cells from the excessive release of the oxygen free 

radicals[8,18] ,interacting with membrane lipids, 

creating hypertonic media, with subsequent cellular 

osmotic dehydration and so declining the degree of 

cell deterioration via ice crystals formation [19 ,20]. 

 Cholesterol /  phospholipids ratio of the plasma 

membrane is a major cause of loss of sperm 

membrane fluidity and stability during sperm 

freezing[21,22].Cholesterol decreases the lipid phase 

conversion temperature of the membranes , keeping 

their fluidity at lower degrees of temperature ,thus 

minimizing the sperm membrane injury 

[23].Cholesterol added to the extender during the 

freezing process is incorporated into the sperm 

membrane improving its fluidity[24,7].Cyclodextrin 

compounds are cyclic hepatosaccharides having a 

hydrophobic center
 
[7]

 
and can transport cholesterol 

into the sperm membrane[25]cholesterol loaded into 

cyclodextrin and added to bovine semen before the 

freezing process ameliorates sperm membrane 

integrity and sperm motility
 
[7]. 

Material and Methods 

Buffalo bulls 

Four buffalo bulls (3.5-5.0 years) maintained at 

the Semen Freezing Center, Ministry of Agriculture, 

Egypt, were selected for semen collection. The 

animals were maintained on good nutrition and 

managemental care. The bulls were in good general 

health situation and weigh 600 to 800 kg .During 

summer, the animals were reserved cool and relaxed 

through sprinkling water at least three to four times 

per day, sheltered from direct wind, housed in a place 

with easy environment with minimum humidity, fed 

throughout cool  day hours, and had a plenty of cool 

drinking water. They were fed 6 kg dry matter+2 kg 

tibn and 3.5 kg dried barseem/animal/day in summer 

and 6 kg dry matter+2 kg tibn and 28 kg 

barseem/animal/ day in winter. Temperature 

humidity index was 72-78. 

Experimental groups 

Group 1(TTC1): Tris taurine cholesterol loaded 

cyclodextrin  (Tris containing 1mgCLC and 60mM 

Taurine)  

Group 2(TTC2 ): Tris taurine cholesterol loaded 

cyclodextrin  (Tris containing 1.5mgCLC and 60mM 

Taurine) 

Group 3(TTC3 ):Tris taurine cholesterol loaded 

cyclodextrin  (Tris containing 2mgCLC and 60mM 

Taurine) 

Control(TCFYG ): Tris-citrate-fructose-egg yolk-

glycerol  (Tris containing zero CLC and Zero 

Taurine) 

Semen collection and initial evaluation  

Semen samples were obtained from bulls using a 

prepared artificial vagina every week  for five weeks. 

The semen specimens were primarily assessed for the 

ejaculate volume using graduated test tube,  sperm 

concentration using of the Neubaur haemocytometer 

(Thoma rulling) and sperm forward motility. The 

final semen specimens with more motility higher 

than 70% and 80% normally morphological 

spermatozoa were chosen for the freezing protocol. 

Pooling of the ejaculates was performed to get 

enough semen and to get rid of the individual bull 

effect. The collected semen was hold for ten minutes 

at 35ºC in the water bath prior to dilution and then 

assessed for sperm forward motility, livability, 

percent of morphological abnormalities, membrane 

and acrosome status prior to  the freezing process. 

  Preparation of Cholesterol-loaded cyclodextrins 

(CLC) 

Cholesterol-loaded cyclodextrins (CLCs) were 

prepared as described by Purdy and Graham [7]. 

Briefly, 1 g of methyl-cyclodextrin was dissolved in 

2ml of methanol in a glass test tube. In a second 

glass test tube, 200mg of cholesterol was dissolved in 

1ml of chloroform and a 0.45 ml aliquot of this 

cholesterol solution was added to the methyl-

cyclodextrin solution. The solution of cyclodextrin 

and cholesterol was mixed and the solvents then 

removed using a stream of nitrogen gas. The 

resulting crystals were stored at 22 ◦C until further 

use. 

Semen freezing 

Semen specimens were diluted (1:7by volume) in 

a Tris–citrate glycerol egg yolk extender at 35ºC 

[26,27]
 

to attain sixty million forward motile 

spermatozoa/mL. Diverse concentrations of CLC 

(1.0, 1.5 and 2mg mL
-1

) and fixed concentration of 

Taurine (60mM) were supplementary into the tubes 

containing the extended semen .The control tubes 

contain Tris with (Zero Taurine and zero ClC). These 

tubes were slowly refrigerated (roughly for two 

hours) to 5 ºC and exposed to equilibration for four 

hours. Diluted semen was filled into 1/4 mL 

polyvinyl French straws (IMV, France). Post 

equilibration time, the straws were put  in a 

horizontal manner on a special rack and frozen in a 

vapour four cm on top of liquid nitrogen (LN2) for 

ten minutes and plunged immediately in liquid 

nitrogen at -196 ºC for storage[28]. 
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Semen characteristics 

Frozen semen straws were exposed to thawing at 

37 ºC for thirty seconds in a water bath for 

microscopical estimation. The criteria investigated 

were sperm forward motility, sperm membrane 

integrity (HOST) , Alive sperm, sperm  

morphological abnormalities and normal acrosomal 

percent in  both refrigerated and frozen semen. 

 Sperm forward motility  

Sperm forward motility was examined using 

phase contrast microscope (Olympus Optical Co. 

Ltd., Japan). Visual motility was microscopically 

examined with closed circuit television [29]
 
. 

Alive and abnormal morphological spermatozoa (%) 

The sperm livability and morphological 

abnormalities were examined by means of eosin-

Nigrosin stained smears as recorded by Revell and 

Mrode
 
[30]. 

Sperm membrane status 

Sperm membrane status was evaluated using the 

hyposmotic swelling analysis [31] .200 sperm cells 

were counted and the percent of spermatozoa having 

swollen coiled tails (intact sperm membrane) was 

estimated. 

Normal acrosomal percentage 

Acrosomal status was assayed by means of 

Giemsa stain as postulated by Watson [32].The intact 

acrosome percent was calculated for two hundred 

sperm cells that were investigated using an 

immersion lens (×1000) by phase contrast 

microscope. 

Assay of oxidant/antioxidant parameters  

Semen was gathered then centrifuged at 2773 ×g 

for 5 min at 40C  using a cooling centrifuge (Sigma 

3-18KS, Germany). The seminal plasma was 

separated and stored at -80 ºC. The level of total 

antioxidant capacity (TAC) in the seminal plasma 

was assayed as the method described by Koracevic et 

al. [33]
 

and lipid peroxidation levels as 

malondialdehyde (MDA) according to the technique 

of Satoh [34]using test kits of Biodiagnostic Co., 

Egypt. All assays were carried out by Double Beam 

UV/Visible Spectrophotometer, Model T80, UK.  

In vivo fertility rate (CR) 

No. of buffalo females (n=290) were artificially 

inseminated with the TTB post-thawed semen and 

with the post-thawed semen extended in TCFY 

(control group). Pregnancy was detected by rectal 

palpation after sixty days post insemination. The 

artificially inseminated cows were allowed via the 

cooperation with Bani-Suef Veterinary Organization. 

CR was estimated according to the equation: 

CR = 
no.of conceived buffaloes

total no.of inseminated buffaloes
 × 100  

Statistical study 

Data were analyzed by one-way ANOVA 

analysis of variance , then by Duncan test to 

calculate considerable variations in all the criteria 

amongst all groups, with SPSS Version 14.0 for 

Windows SPSS [35]. Differences with values of 

P<0.05 were measured to be statistically significant. 

Results 

In Tris taurine Cholesterol-loaded cyclodextrins 

(TTC) Post cooling , sperm motility and acrosome 

percent were kept in all concentrations as the control. 

Alive sperm and sperm abnormalities were kept in 

TTC1and TTC2 as the control. Sperm membrane 

integrity (HOST) was significantly (P<.005) higher 

in all concentrations if compared to the control 

(Table 1). Post – thawing, sperm motility was 

significantly (P<.005) higher in TTC1and TTC3, alive 

sperm was significantly (P<.002) higher in all 

concentrations if compared to the control. Sperm 

abnormalities were significantly (P<.008) lower in 

TTC1 relative to the control . Sperm membrane 

integrity (HOST) was significantly (P<.000) 

improved in all concentrations if compared to the 

control. Acrosome percent were kept in all 

concentrations as the control (Table 2). The 

conception rate was the best in TTC1 (Table 3) . 

TTC1revealed higher TAC (P<.031) and lower MDA 

(P<.001) if compared to the control and other 

experimental groups (Table 4). 

Discussion  

Artificial insemination (AI) is measured as the 

principal mean for spreading of the superior genetic 

characteristics to ameliorate the genetic structure of 

the livestock [28, 36]. 

Variable antioxidant ingredients are available in 

the sperm cells and seminal plasma and categorized 

as antioxidant enzymes (GSH, CAT, SOD). Their 

antioxidant capability is inadequate and regularly 

decreases through the freezing process, therefore 

antioxidants  should be enriched in the semen diluent 

[37].Taurine has a valuable consequence in 

increasing Catalase(CAT) intensity and as a result 

improving the antioxidant capacity [14]. 
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TABLE 1. Effect of Tris extender enriched with taurine and CLC on the cooled extended buffalo bull 

semen (Mean±SE) 

Diluent Motility Alive Abnormalities HOST Acrosome 

TTC1 91.66±1.66
a 

91.66±1.66
c 

6.33±.66
a 

89.90±.83
b 

88.33±.33
b 

TTC2 91.66±1.66
a 

86.00±1.00
b 

7.33±.33
a 

78.88±1.62
b 

81.33±1.33
a 

TTC3 91.66±1.66
a 

80.33±.33
a 

13.33±1.33
b 

82.42±1.50
b 

88.66±1.85
b 

Control 88.33±1.66
a 

88.33±1.66
bc 

6.66±.33
a 

56.61±8.93
a 

85.00±5.00
ab 

Total 90.83±.83 86.58±1.36 8.41±.92 76.95±4.22 85.90±1.30 

p-value .441 .002 .001 .005 .081 

 
Means bearing different superscripts between different extenders and differ at 5% levels of probability. Control Tris-

citrate-fructose-egg yolk-glycerol (TCFYG); TTC1 (TrisTC1); TTC2(TrisTC2); TTC3(TrisTC3) . 

 

TABLE 2. Effect of Tris extender enriched with Taurine and CLC on the post - thawed extended buffalo 

bull semen (Mean±SE) 

Diluent Motility Alive Abnormalities HOST Acrosome 

TTC1 58.33±1.66
b 

91.00±1.00
c 

8.33±.33
a 

63.62±1.62
b 

85.66±1.20
a 

TTC2 45.00±2.88
a 

89.00±2.08
bc 

9.33±.33
ab 

63.13±.59
b 

83.33±1.66
a 

TTC3 55.00±2.88
b 

85.66±.66
b 

10.33±.33
b 

73.40±2.36
c 

82.66±1.20
a 

Control 43.33±1.66
a 

80.66±.66
a 

10.33±.33
b 

57.90±.15
a 

87.50±2.50
a 

Total 50.41±2.17 86.58±1.29 9.58±.28 64.51±1.80 84.54±.86 

p-value .005 .002 .008 .000 .656 

Means bearing different superscripts between different extenders and differ at 5% and 1% levels of probability. 

Control Tris-citrate-fructose-egg yolk-glycerol (TCFYG); TTC1(TrisTC1); TTC2(TrisTC2); TTC3(TrisTC3). 

 

 

TABLE 3. Effect of Taurine and different concentrations of CLC enriched extender on a field conception 

rate test in buffalo  

Treatment 
No of inseminated 

females 

No of conceived 

females 
In vivo fertility rate (CR%) 

TTC1 80 53 66.3% 

TTC2 85 47 55.3% 

TTC3 70 40 57.1 % 

Control(TCFYG) 55 30 54.5% 

 

TABLE 4 . Effect of Tris extender enriched with Taurine and CLC on Antioxidant concentration-TAC 

(mM) and MDA concentration (μM) (Mean±SE) 

 

 

 

 

 

 

 

 

Diluent TAC MDA 

Control (Tris extender) 0.24±0.01a 8.87±0.13c 

TTC1 0.31±0.01b 7.05±0.05a 

TTC2 0.24±0.02a 8.20±0.12b 

TTC3 0.27±0.01ab 9.35±0.35c 

p-value .031 .001 
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Semen freezing process results in excessive 

release of oxygen free anions with consequent 

lowering  sperm motility, membrane integrity and 

fertilizing potential [38]. 

Sperm cells are liable to peroxidative 

deterioration that may be reduced via adding 

antioxidants to the semen diluent [39, 40]. 

In this investigation, addition  of taurine to the  

semen freezing diluents enhanced sperm parameters 

manifested by post- thawing forward spermatozoal 

motility, spermatozoal membrane fluidity, acrosome 

integrity and liveability. The results of the present 

study are compatible with Reddy et al. [41] who 

postulated enhanced semen quality by the action of 

taurine. 

In this study, supplementation of all 

concentrations of CLC combined with 60mM taurine 

improved semen characteristics and addition of 1.0 

mg mL
-1 

CLC gave the best semen quality post 

freezing relative to the control. The pregnancy rate 

(CR) was superior at 1.0 mg mL
-1 

CLC and this 

result is compatible with the best sperm motility at 

this recorded concentration. Taurine enhanced the 

post-thawing semen quality in buffalo [41], ram[42], 

goat [15] and boar spermatozoa [13]. 

Numerous studies documented the ameliorating 

action of taurine on freeze post- thawing sperm 

parameters (14,9).Taurine is a sulfonic amino acid 

having a vital role as non enzymatic scavenger of the 

ROS, thus, protecting sperm cells from peroxidative 

deterioration among the freezing process [9, 43]. 

Taurine addition may exert cryoprotective effect 

on the metabolic activity of mitochondria and 

acrosome with consequent energy generation from 

intracellular ATP stores with improved sperm 

forward motility. The assessment of liveability, 

membrane and acrosome status are very important as 

sperm motility simply is unsatisfactory for 

spermatozoal evaluation post freeze-thawing. 

Cholesterol/phospholipid ratio is the principal 

factor influencing sperm membrane fluidity and 

integrity especially during cryopreservation and 

taurine lowers cholesterol efflux that takes place 

from the sperm membrane [21, 22] . 

The results agreed with purdy and Graham [7] in 

bulls , Moore et al.[44] in equine and Moce et al.
 
[45]

 

in ram who reported improved semen quality post 

freezing on adding CLC before  the freezing 

process.However, our results are antagonist to those 

reported by Zahn et al. [46]in equines who recorded 

lowered semen quality post freezing on adding 

Cholesterol-loaded cyclodextrins . 

The findings of the current study come in 

accordance with that recorded by Rajoriya et 

al.[47]who postulated that buffalo bull spermatozoa 

incubated with CLC (3mg/120 × 10
6
) before the 

freezing process improved sperm freezability. 

Moraes et al.[48]
 
reported improved percentage of 

post thaw viability and increased number of sperm 

that bind to zona pellucid in CLC addition to stallion 

sperm freezing . 

The present improvement in sperm quality post 

freezing due to addition of CLC to the extender prior 

to freezing may be due to the protection of the sperm 

membrane from damage that occur during 

cryopreservation[48].Cholesterol added to the bull or 

equine semen before sperm  freezing is permeated 

into the sperm membrane preserving its fluidity and 

integrity [24, 7]. 

The total cholesterol content of the sperm that 

supplies maximum cryosurvivability, is 2-3times 

superior than the control sperm and when cholesterol 

elevated to 4-5 times than that in the control, it 

becomes hazardous to the sperm cells [7]. 

The improved conception rate in (TTC1) may be due 

to the best post-thaw freezing sperm motility, 

improved total antioxidant capacity (TAC) and 

lowest malondialdehyde (MDA) observed in our 

study.  

These results are compatible with Bucak et al. 

[14] in ram semen and with the findings of Mahmoud 

et al. [49] who clarified that  spermatozoal motility is 

considered an obvious marker for sperm parameters, 

and imminent relations were set up between  sperm 

motility and each of membrane fluidity and sperm 

morphological abnormality. In this regard, Li et al. 

[50] documented significant correlation between 

sperm motility and IVF. Vale [51] recorded a 

pregnancy rate superior than fifty percent as an 

excellent result post artificial insemination with 

frozen- thawed spermatozoa in buffaloes . Al Naib et 

al. [52] classified bulls with pregnancy rate of nearly 

fifty percent to be considered of high fertility, and 

the sperm of these bulls tends to be more capable in 

passing through artificial mucus and having a high 

potential for fertilizing oocyte in vitro . 

The improvement of sperm quality treated with 

cholesterol loaded cyclodextrin may  be  due  to  

decrease  in  capacitation  status [53,54], reduced  

oxidative  stress  [55]  or enhanced antioxidant levels 

[56]. Studies  have  also  revealed  that  CLC  

treatment of semen leads to increase in the 

percentage of noncapacitated  sperm  [53,57] and 

better freezability of sperm may be due to higher 

cholesterol: phospholipid ratio [54] helps in 

membrane stability and decrease in capacitation 

changes[53]. Methyl β-cyclodextrin solubilizes 

exogenous cholesterol in the medium, presumably 

facilitating its incorporation following the 

concentration gradient with subsequent inceased 

sperm membrane integrity with subsequent increased 

semen freezability [58] maintain the integrity of 

the mitochondrial matrix, probably due to the 

increase in the intramembrane cholesterol ratio[59]. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/mitochondrial-matrix
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Conclusion 

It could be concluded that, in cooled semen, 

Sperm membrane integrity was significantly higher 

in all concentrations if compared to the control and 

other Sperm parameters were reserved in all 

concentrations as the control. The post – thawed 

semen parameters and conception rate exhibited that, 

the superior was given with the first concentration 

(TTC1). 
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تورين التريس كفاءة حفظ الحيوانات المنوية لطلائق الجاموس باستخدام مخفف 

 كولسترول لوديد سيكلودكسترين

 رضــــــا إبراهيـــم الششـــتاوي

 

 .مصر – لجيزةا - المركز القومي للبحوث - معهد البحوث البيطرية  قسم التكاثر في الحيوان والتلقيح الصناعي 

 

كفاءة حفظ الحيوانات المنوية لطلائق الجاموس باستخدام مخفف التريس تورين كولسترول لوديد الحالية تقييم  الدراسة استهدفت

والتجميد.تم تخفيف السائل المنوى باستخدام مخفف التريس المحتوى على تركيزات مختلفة من كولسترول  التبريد سيكلودكسترين اثناء

(من من كولسترول لوديد 0و0ول(واحتوت أنابيب الكنترول على )مل م 60ملجم/مل ( والتورين)2و1.5و1لوديد سيكلودكسترين)

دقائق وغمره فى  10مئوية ثم تعريضه  5ساعات عند درجة 4والتورين . وقد تم تبريد السائل المنوى فى قصيبات وترك  سيكلودكسترين

النيتروجين السائل للتجميد .تم التقييم أظهرت النتائج تحسن فى صفات السائل المنوى بعد التبريد والتجميد وكانت أحسن النتائج فى 

  التركيز الأول 

 .تجميد ، CLC ،تورين ،السائل المنوى ،الجاموس  لة:الكلمات الدا
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