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Abstract    Freezing of ejaculated and epididymal spermatozoa is currently a subject of interest with 

the purpose of establishing an efficient gene banking model for valuable animals or endangered spe-

cies. Therefore, the present study evaluated the influence of different storage duration )0, 1.5 and 5 

h) at 5 ºC and type of cryoprotectant on freezability of ram epididymal spermatozoa. With increasing 

the storage duration from 0 to 3 h at 5 ºC, the motility, progressive motility, viability and recovery 

rate of stored spermatozoa decreased (P<0.05), but acrosome integrity and hyaluronidase activity 

were not affected (P>0.05). Addition of trehalose and sucrose to the basic diluent improved (P<0.05) 

the quality of frozen-thawed spermatozoa. Sperm motility, progressive motility, viability and hyalu-

ronidase activity were higher in the present of DMSO than the control and BSA. There was no dif-

ference in the acrosomal integrity between extenders. In conclusion, quality of froze-thawed sperma-

tozoa was not improved when the extender was supplemented with sugar. However, further studies 

are needed to determine the fertility of frozen-thawed epididymal spermatozoa. 
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Introduction 

Freezing and thawing cause partial irreversible damage 

to sperm membrane, which decrease sperm quality in-

cluding the motility and viability (Watson, 1995, 2000). 

Disruption of plasma membrane and acrosomal reaction 

are some of the main forms of damage induced by cry-

opreservation (Drobnis et al., 1993; Purdy et al., 2005).  

Foote (2000) reported that the recovered motile 

sperm from the epididymides of bulls, boars, rams and 

stallions were widely used for artificial insemination af-

ter freezing and thawing process. Johnson et al. (1980) 

and Varisli et al. (2009) hypothesized that epididymal 

spermatozoa are more resistant to cold shock and should 

be more suitable for cryopreservation than ejaculated 

spermatozoa. Foote (2000) reported that epididymal 

sperm of bulls remain fully functional for long times at 

5 ºC. Also, Kikuchi et al., 1998 and Kishikawa et al., 

1999 suggested that temporary storage of epididymides 

at 4 ºC may be helpful in preserving the genome of dif-

ferent species.  

Many studies have been carried out to study the ef-

fect of cryopreservation process on epididymal sperma-

tozoa in several species (Nagai et al. 1988; Nakagata, 

1992; Hishinuma et al., 2003; Kaabi et al. 2003; Mon-

teiro et al., 2011; Alvarez et al., 2012; Karja et al., 2010). 

 However, there are few available reports on the effects 

of cooling duration or type of cryoprotectant on epidid-
ymal spermatozoa. Therefore, in this study, an attempt 

was made to determine the effect of storage length (0, 
1.5 and 3 h) at 5 ºC and several cryoprotectants such as 

trehalose, sucrose, bovine serum albumin (BSA) and di-
methyl sulfoxide (DMSO) on post-thaw characteristics 

of ram epididymal spermatozoa. 

 

Material and methods 

Animal and location 

Testes from 6 healthy mature rams aged between 3 to 4 

years were obtained from a local abattoir in Sanandaj 
(35° 20' N latitude and 47° E longitude) and transported 

in a cool insulated container to the laboratory within 30 
min.  

 

Preparation medium and freezing diluent 

The preparation medium for sperm isolation from the 

epididymis was Tyrode’s solution containing 100 mM 
NaCl, 3.1 mM KCl, 25 mM NaHCO3, 0.29 mM 

NaH2PO4, 21.6 mM Na lactate, 2.1 mM CaCl2 2H2O, 0.4 
mM MgCl2 6H2O, 10 mM HEPES buffer, 0.006 g/ml 
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BSA, 1 mM sodium pyruvate, 25 mg/mL gentamycin, 2 
mg/L phenol red and pH= 7.4 (Parrish et al., 1988).  

The basic extender (tris-citric acid-fructose) con-

tained: tris (3.634 g), fructose (0.50 g), citric acid (1.99 

g), egg yolk (14%, v/v), streptomycin (100 ml/g), and 

penicillin G (100000 IU), pH=7 (Evans and Max-

well,1987). The freezing extender was supplemented 

with 5% (v/v) glycerol.  

 

Experimental procedure 

In the first part of study, the effects of incubation dura-

tion (0, 1.5 and 3 h) at 5 ºC on ram epididymal sperm 

characteristics were determined. The cauda epididymis 

was dissected free from each testis and sliced repeatedly 

with a scalpel blade (Parrish et al., 1988). To release the 

epididymal spermatozoa, the tissues were placed in 

Tyrode’s medium and centrifuged at 700 g for 6 min. 

The supernatant was removed and spermatozoa were 

evaluated for motility, progressive motility, viability, 

acrosomal integrity, recovery rate and released hyalu-

ronidase enzyme. 

The second part of the study compared the effects of 

addition of sucrose (80 mM), trehalose (100 mM), bo-

vine serum albumin (BSA, 5%) and dimethyl sulfoxide 

(DMSO, 1.75%) to basic tris–citric acid–fructose–yolk 

medium on post-thaw epididymal spermatozoa.  The di-

lution process was performed in one-step at 37 ºC in 1:4 

ratio (Evans and Maxwell, 1987), sperm packaged in 

French straws (0.5 ml) and the open end of the filled 

straws sealed with polyvinyl chloride powder. The 

straws were then kept at 5 ºC for 3.5 h before being held 

at 4 cm from liquid nitrogen surface level for 10 min. 

After 24 h, the frozen samples were thawed in a water 

bath at 37 ºC for 30 seconds and assessed for motility, 

progressive motility and viability. Acrosomal integrity 

and hyaluronidase activity (120x106 Units ml-1) were 

measured according to the methods described by Foul-

kes and Watson (1995). Sperm recovery rate was com-

puted using the following equation: 

Recovery rate = (motility after freezing/motility before 

freezing) x 100 

 Statistical analysis 

The experiments were conducted as a completely ran-

domized design, and data subjected to analysis of vari-

ance (ANOVA) after angular transformation of percent-

ages. Statistical analysis of data was performed by the 

GLM procedure of SAS (1996). All percentage data 

were presented as mean ± pooled standard error of the 

means (SEM). Means were compared using the Dun-

can’s multiple range test at (P<0.05). 

 

Results 

The average macroscopic and microscopic characteris-

tics of ram epididymal sperm are presented in Table 1. 

Figures 1-3 present the results of storage duration on 

motility, progressive motility, viability, acrosomal in-

tegrity, recovery rate and hyaluronidase activity of ram 

epididymis spermatozoa. Increasing the storage dura-

tion up to 3 h decreased (P<0.05) the rates of motility, 

progressive motility, viability and recovery rate, with no 

differences between 1.5 up to 3 h. Storage duration up 

to 3 h did not influence acrosomal integrity and hyalu-

ronidase activity.  

Table 3 shows the effects of trehalose, sucrose, BSA 

and DMSO in the extender on frozen-thawed ram epi-

didymal spermatozoa. Trehalose and sucrose resulted in 

higher motility, progressive motility, viability, recovery 

rate and lower hyaluronidase activity compared to ex-

tenders containing BSA and DMSO. Acrosomal integ-

rity was superior in the presence of trehalose compared 

to other diluents  

 

Discussion 

Motility, progressive motility, viability and normal 

acrosome in epididymal spermatozoa of ram were al-

most the same as that for semen collected using artificial 

vagina (Khalili et al., 2010).  The results are in agree-

ment with those of Amann et al. (1982), Kaabi et al. 

(2003) and Karja et al. (2010).  

 Irrespective of the extender used, conditions, tem-

perature of storage, and extension rate, the quality of sp- 

Table 1. Macroscopic and microscopic characteristics of ram epididymal 

spermatozoa 

 n Mean Min-Max SEM 

Concentration (x109mL-1) 16 2.9 2.3-3.5 0.15 

Motility (%) 16 84.9 70-80 1.14 

Progressive motility (%) 16 70.9 70-71 1.83 

Viability (%) 16 77.9 72-84 1.41 

Acrosome integrity (%) 16 96.8 94-98 0.45 
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Figure 1. Effect of storage duration at 5 °C on motility (%) and progressive motility 

(%) of ram epididymal spermatozoa (Mean±SEM, n=16).  Common letters (a, b) on 

bars indicate no significant difference (P>0.05, Duncant’s multiple range test). 

 

 
Figure 2. Effect of storage duration at 5 °C on viability (%) and recovery rate (%) of 

ram epididymal spermatozoa (Mean±SEM, n=16).  Common letters (a, b) on bars in-

dicate no significant difference (P>0.05, Duncant’s multiple range test). 

 
Figure 3. Effect of storage duration at 5 °C on normal acrosome (%) hyaluronidase 

activity (%) of ram epididymal spermatozoa (Mean±SEM, n=16).  Common letters (a, 

b) on bars indicate no significant difference (P>0.05, Duncant’s multiple range test). 
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Table 2. Effect of type of cryoprotectant on post-thaw ram epididymal sperm (n=16)   

Cryoprotectant      

Characteristic Control Trehalose Sucrose BSA† DMSO†† 

Motility (%) 58.8 ± 2.6b 67.1 ± 1.7a 65.7 ± 2.7a 54.2 ± 2.5bc 47.9 ± 3.5c 

Progressive motility (%)                 66.5 ± 3.7ab 73.1 ± 2.4a 68.8 ± 3.9ab 61.3 ± 4.6bc 51.0 ± 3.5c 

Viability (%)                                   62.9 ± 2.2b 70.9 ± 2.7a 70.3 ± 1.2a 60.1 ± 2.2b 56.1 ± 3.7b 

Normal acrosome (%)                    69.1 ± 1.1b 75.5 ± 1.6a 71.5 ± 1.3b 71.0 ± 1.1b 68.5 ± 1.5b 

Recovery rate (%) 63.0 ± 1.7b 71.4 ± 2.1a 66.7 ± 2.5ab 56.2 ± 1.9c 53.7 ± 2.6c 

Hyaluronidase activity (120 x 106 units/mL) 63.7 ± 2.4b 57.7 ± 6.3a 59.3 ± 4.3ab 67.8 ± 2.6bc 71.5 ± 4.5c 
Means with common letter (s) in the same row are not significantly different (P> 0.05; Duncan’s multiple range test), † BSA= bovine 

serum albumin, †† DMSO= dimethyl sulfoxide 

ermatozoa deteriorates as the duration of storage in-

creases (Salamon and Maxwell, 2000). The results of 

this study indicated a negative effect on motility, pro-

gressive motility, viability, normal acrosome, recovery 

rate and hyaluronidase activity when the storage dura-

tion increased to 3 h at 5 ºC. These finding are similar 

to the results of O’Hara et al. (2010) and Aguado et al. 

(1994). However, Kaabi et al. (2003) showed that stor-

age duration up to 48 h was detrimental to spermatozoa, 

but the storage at 5 ºC resulted in better quality com-

pared to room temperature. Based on our observations 

and those of other researchers, we can hypothesize that 

ram epididymal spermatozoa could be used for artificial 

insemination within 24 h storage. 

Addition of trehalose to the basic diluent had a ben-

eficial effect on sperm motility, progressive motility, vi-

ability, recovery rate and hyaluronidase activity com-

pared to the control extender and the diluents supple-

mented with DMSO and BSA with no differences be-

tween trehalose and sucrose, except acrosomal integrity. 

Trehalose was superior to sucrose in preserving the 

acrosomal integrity. Previous studies also demonstrated 

the positive effects of trehalose and sucrose on sperm 

quality in goats (Farshad and Akhondzadeh, 2008; 

Aboagla and Terada, 2003; Khalili et al., 2009), bull 

(Foote et al., 1993; Chen et al., 1993; Woelders et al. 

(1997), mouse (McGinnis et al (2005), dog (Yildiz et 

al., 2000) and rabbit (Vicente and Viudes-de-Castro, 

1996). It is noteworthy that the extenders used in these 

studies as well the one used in the present work were 

hypertonic diluents that are known to be superior to iso-

tonic diluents (Abdelhakem et al., 1991, Molinia et al., 

1994, Aisen et al., 2002, Bucak and Necmettin, 2007). 

The exact mechanism by which hypertonic diluents 

preserve the integrity of the sperm membrane is still not 

clearly understood. However, it is hypothesized that tre-

halose and/or sucrose penetrate into the sperm cell 

membrane and form hydrogen bonds with the polar 

head groups of the membrane phospholipids, reorganize 

the sperm membrane with increasing its fluidity and de-

creasing the membrane phase transition temperature and  

 form a glass drying (Liu et al., 1998, Molinia et al., 
1994, Aisen et al., 2002, Aboagla and Terada, 2003). In 

addition, Aisen et al. (2002); Aboagla and Terada 
(2003) and Purdy (2006) suggested that hypertonic ex-

tenders play a key role in protecting the sperm mem-
brane from deleterious effects of cryopreservation by 

creating an osmotic pressure resulting in cell dehydra-
tion and decreasing the detrimental effect of intracellu-

lar ice formation. 

 

Conclusions 

The results of this study showed that ram epididymal 
spermatozoa can be isolated, stored and cryopreserved 
successfully. However, the increasing in storage dura-
tion decreased the quality of spermatozoa. Moreover, 
the results showed clearly the tolerance of frozen-
thawed epididymal spermatozoa in hypertonic diluents 
supplemented with trehalose and/or sucrose compared 
to isotonic extenders containing BSA and DMSO. In 
particular, acrosomal integrity and hyaluronidase activ-
ity, which play important roles in fertilization, were bet-
ter maintained. However, further studies are needed to 
determine the fertility of processed spermatozoa. 
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های ارزهپپم   یا در لاش ااارا   ارای در اپی ی یمیس داازدن اسپپمرا االاش هپپ ه و اسپپمرا م   د امروزه یخچکیده    

ایجاد اااک ذخیره  ژن م رد ت  ه قرار دارد. لذا ااجاا این طرح پژوهشپپد دو ه م مجلا را دالاش مد د  د در ا ا اوش  

ر آزمایا گراد اررسد ه . ددر ه سااتد 5در  اثر زمان های م تلف اگه اری اسمرا های  مع آوری ه ه از اپی ی یمس 

ار ویژگد های اسمرا های یخ زده اپی ی یمیس   DMSOو  BSAدوا  اثر رقیق د   ه های دارای  تری هال ز  س دروز   

در ه سااتد گراد     لاید    لاید   5اررسد ه .  یافته های آزمایا اوش اشان داد ده اا افلایا ط ش زمان اگه اری در    

سمرا داها یافت       سلت ااز یافت ا شروا ه  زا ه مااد و ا   هر چ   یکمارچگد غشای آدروزا و میلان آزاد  (p<0.05)پی

. یافته های آزمایا دوا اشان داد ده رقیق د   ه های دارای (P>0.05) ن آالیم هیال روای از تغییر مع د داری ا اهت ه

دیفیت اسمرا های ی گشاید ه ه را اهل د     DMSOو  BSAتری هال ز و س دروز در ماایسه اا رقیق د   ه های دارای   

سلت ا   BSAا شی ا . رقیق د   ه دارای   هاه  ایل ا هت  ه رقیق د   ه های   DMSOه رقیق د   ه دارای و  اثر اهتری دا

هت  .  DMSOو  BSAهاه     شان داد ده افلایا زمان اگه اری   ار آدروزوا اثر مع د داری ا ا در دل  این پژوها ا

سمرا های اپی ی یمیس را در دمای   سااتد  5دیفیت ا مع د داری هال ز اثر گراد داها داد و رقیق د   ه دارای  تریدر ه 

 های  تکمیلد دیگری ارای ارزیااد ااروری اسمرا ضروری است.ار صفات دیفد اسمرا داهت  هر چ   ااجاا آزمایا
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