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Ram spermatozoa are sensitive to extreme changes in temperature during the freeze-thaw process. The 
aim of this study was to determine the effects of two cooling method (controlled-rate and uncontrolled-
rate) on pre-freezing and post-thaw sperm motility parameters. Ejaculates were collected using the 
artificial vagina from four Chal rams and diluted with a Tris-based extender and packed in 0.25 ml 
straws. Then, the sample was processed according to the two methods; method 1: straws were cooled 
from 37 to 5°C, at a liner rate of -0.3°C/min in a controlled-rate cooling machine (custom-built) and 
equilibrated at 5°C for 80 min and then were frozen at the rate of -0.3°C/min from 5 to -10 and -25°C from 
-10 to -150°C and plunged into liquid nitrogen for storage; method 2: straws were transferred to a 
refrigerator and maintained at 5°C for 3 h, then, the straws were frozen in liquid nitrogen vapor 4 cm 
above the liquid nitrogen, for 15 min and plunged into liquid nitrogen. A computer-assisted sperm 
motility analysis was used to analyze sperm motion characteristics. The controlled rate of freezing 
(method 1) significantly improved the pre-freezing and post-thaw total and progressive motility 
compared with the uncontrolled rate (method 2). In specific kinetic parameters, method 1 gave 
significantly higher value for straight linear velocity (VSL) and curvilinear velocity (VCL) in comparison 
with method 2. There were no significant differences between the two methods for average path 
velocity (VAP) and linearity (LIN). In conclusion, the controlled rate of cooling conferred better 
cryopreserving ability to ram spermatozoa compared with the uncontrolled rate of cooling prior to 
programmable freezing. 
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INTRODUCTION 
 
Considerable effort has been directed towards deve-
loping techniques for artificial insemination (AI) using 
frozen ram semen. Its potential in sheep breeding has 
become evident following the development of controlled 
reproduction procedures and more intensive manage-
ment systems. The widespread application of AI depends 
largely on the use of frozen semen and thus, on the 
availability of techniques that result in acceptable fertility 
in a selective breeding control programme. AI with frozen 
semen   dispensed   through  the  cervix  gives  quite  low 
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fertility rates in ram and use of laparoscopy with  thawed 
semen is more costly and time-consuming but it improves 
the fertility rate significantly. The need to prepare a large 
number of doses of ram’s semen each year requires the 
development of a rapid and effective method for freezing 
semen (Anel et al., 2003). Spermatozoa are not adapted 
to survive cryopreservation and therefore, have variable 
responses to cooling and rewarming depending both on 
individual male and species (Holt, 2000; Thurston et al., 
2002). Ram spermatozoa are susceptible to various 
stresses during cryopreservation (Anel et al., 2006). The 
physiological and functional changes that occur in 
spermatozoa such as an irreversible reduction in motility, 
viability and acrosome integrity (Watson, 1995; Salamon    
and   Maxwell,  2000;   Medeiros   et   al. ,   2002)   cause  
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changes similar to capacitation and acrosome reaction in 
the surviving population (Bailey et al., 2000)  

Damage to sperm membranes primarily occurs during 
the freezing and thawing process over the temperature 
range -15 to -60°C and not during storage in liquid 
nitrogen (Mazur, 1965). In the case of ram spermatozoa, 
most damage occurs between -10 and -25°C; the region 
of ice crystallisation (Salamon and Maxwell, 2000). The 
process of cell dehydration that accompanies slow 
freezing is potentially beneficial for cell survival, whereas 
rapid freezing rates are considered more likely to cause 
cell death (Watson, 1995). O’Neill (National University of 
Ireland, MSc thesis) observed that semen frozen rapidly 
(from 5 to -25°C at -5°C/min) had significantly better 
viability, mitochondrial activity and acrosome integrity 
than after a slower (-0.5°C /min) freezing rate over the 
same interval. 

Of considerable importance in the cooling regime is the 
cooling rate through the critical temperature range, 
defined as the range when ice crystal formation and con-
sequent cell dehydration occur. The cooling rate deter-
mines whether the cells remain in equilibrium with their 
extracellular environment or become progressively super 
cooled with the increasing possibility of intracellular ice 
formation (Kumar et al., 2003). 

Freezing of ram spermatozoa in cell freezer has been 
commonly carried out from 5°C after precooling of straws 
up to 5°C in the cold chamber (Fiser and Fairfull, 1986; 
Fiser et al., 1986; Pontbriand et al., 1989; Soderquist et 
al., 1997; Byrne et al., 2000; Gil et al., 2000; Bag et al., 
2004). 

Computer-controlled cooling machine was built in the 
laboratory to achieve rapid cooling of samples in straws 
under controlled conditions. A protocol based on 
controlled-rate cooling and freezing of ram semen in 
straws has been reported to improve ram semen freezing 
technique but the post-thaw attributes of spermatozoa 
were evaluated by subjective assessment (Kumar et al., 
2003) 

Computer-aided semen analysis (CASA) technique 
provides precise and validated objective assessment of 
sperm motion characteristics (Holt and Palomo, 1996; 
Verstegen et al., 2002; Joshi et al., 2003) and has been 
applied for short-term (Kasimanickam et al., 2007) and 
long-term preservation of ram. 
 
 
MATERIALS AND METHODS 
 
Animals and semen collection 
 
Semen samples were collected from four mature Chal rams (3 to 4 
years) maintained at the Animal Breeding Center Farm of Iran. After 
collection, the raw semen samples were transferred within a minute 
to the laboratory and kept in a water bath at 37°C for examination. 
The rams were fed 0.91 kg of concentrate daily and good quality 
hay and water were supplied ad libitum. Ejaculates were collected 
from the rams using the artificial vagina twice a week during the 
breeding season (autumn to early winter).  

 
 
 
 
Cryobiological procedures 
 
Some general procedures were established for the two methods. 
The volume of ejaculates was measured in a conical tube 
graduated at 0.1 ml intervals. The sperm concentration was 
determined by means of a haemocytometer and sperm motility was 
estimated using phase contrast microscopy (400×). Only ejaculates 
containing a semen volume that varied between 1 and 2 ml sper-
matozoa with >80% forward progressive motility and concentrations 
higher than 2.5 × 10

9
 spermatozoa/ ml were mixed in a pool, 

balancing the sperm contribution of each male to eliminate 
individual differences (Gil et al., 2003). Tris-citrate modified solution 
[Tris (27.1 g/l), citric acid (14.0 g/l), fructose (10.0 g/l), egg yolk 
(10%) (v/v) glycerol 5% (v/v): 300 mOsM, pH 6.8)] was used as the 
base extender (freezing extender). Each mixed ejaculate was split 
into two equal aliquots and diluted at 37°C with the base extender 
to a final concentration of approximately 4 × 10

8
 spermatozoa per 

milliliter, in one step, in a 10 ml glass centrifuge tube. Diluted 
samples were aspirated into 0.25 ml (medium-sized) French straws 
and sealed with polyvinyl alcohol powder. The sample was 
processed according to the following methods and evaluated pre-
freezing and post -thawing. 
 
 
Semen cooling and freezing methods 
 
Method 1 
 

Straws were cooled from 37 to 5°C, at a liner rate of -0.3°C /min in 
a controlled-rate cooling machine (custom-built) and equilibrated at 
5°C for 80 min. After equilibration, the straws were frozen in the 
same machine at a rate of -0.3°C/min from 5 to -10°C and -25°C 
from -10 to -150°C and then the straws were plunged into liquid 
nitrogen for storage. The thermocouples of the custom-built cool in 
the machine recorded the chamber temperature via a computer 
program and drove a motor to open and close the entrance of the 
nitrogen vapor source.  
 
Method 2  
 

Straw was transferred to a refrigerator and maintained at 5°C for 3 
h, then the straws were frozen in liquid nitrogen vapor 4 cm above 
the liquid nitrogen for 15 min and plunged into liquid nitrogen 
(Bucak et al., 2007). 
 
 
Semen thawing 
 

Frozen straws were thawed individually at 37°C for 20 s in a water 
bath for evaluation immediately after thawing (Bucak et al., 2007). 
 
 
Evaluation of percentage of motile cells, recovery rate and 
kinetic parameters  
 

A computer-assisted sperm motility analysis (CASA, Version 12 
IVOS, Hamilton-Thorne Biosciences, Beverly, MA, USA) was used 
to analyze sperm motion characteristics. CASA was set up as 
follows: phase contrast; frame rate  of 60 Hz; minimum contrast  of 
70; low and high static size gates of 0.6 to 4.32; low and high 
intensity gates  of 0.20 to 1.92; low and high elongation gates of 7 
to 91; default cell size of 10 pixels; default cell intensity of 80. 
Semen was diluted (5 µl semen +95 µl extender) in a Tris-based 
extender (without egg yolk) and evaluated immediately after 
dilution. 4 µl sample of diluted semen was put onto a pre-warmed 
chamber slide (Leja 4, Leja Products, Luzernestraat B.V., Holland) 
and sperm motility characteristics were determined with a 10× 
objective  at 37°C. Percentages  of total  motility  and  progressive  
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Table 1. Percentage of motile cells (total and progressive motility) pre-freezing and post-thawing and recovery rate, evaluated by 
CASA for spermatozoa frozen using two different methods (means ±S.E.M.). 
 

Method  
Total motility (%) Progressive motility (%) 

Pre-freezing Post-thawing Recovery rate Pre-freezing Post-thawing Recovery rate 

Method 1 83.2±8.2
a
 74.6±7.8

a
 0.89 73.1±13.5

a
 53.9±10.5

a
 0.74 

Method 2 79.1±8.0
b
 61.2±11.1

b
 0.77 64.8±12.5

b
 46.1±6.7

b
 0.71 

 

NS, Non-significant;  a,b different superscripts within columns are significantly different. 
 
 
 

motility were recorded. For both parameters, the recovery rate of 
motility after thawing with respect to before freezing was calculated 
(post-thaw motility/pre-freeze motility). For thawed semen, VSL 
(straight linear velocity, µm/s), VCL (curvilinear velocity, µm/s), VAP 
(average path velocity, µm/s) and LIN= VSL/VCL×100 (linearity, %) 
were noted as specific parameters of sperm motility. For each 
evaluation, 10 microscopic fields were analyzed to include at least 
300 cells. 
 
 
Analysis 
 
The results were analysed by analysis of variance with semen 
samples as replicates, using the following model:  
 
Y= µ+αi+eij 
 
 

RESULTS AND DISCUSSION 
 
As shown in Tables 1 and 2, controlled rate of freezing 
(method 1) significantly improved the pre-freezing and 
post-thaw total and progressive motility of ram sper-
matozoa compared with the uncontrolled rate of freezing 
(method 2). The changes observed in motility were 
reflected in the recovery rate which indicated that method 
1 preserved sperm motility better, showing significant 
difference with respect to method 2. In general, it may be 
noted that the total motility was preserved better than the 
progressive motility with recovery rates of 0.89 and 0.74, 
respectively for method 1. 

In specific kinetic parameters (Tables 3 and 4), method 
1 gave significantly higher value for VSL and VCL in 
comparison with method 2. There were no significant 
differences between the two methods for VAP and LIN. 

The cryopreservation cycle for semen samples includes 
the entire process from sperm preparation and dilution 
through to the post-thawing maintenance of functional 
capacity. At each of these stages, spermatozoa need to 
maintain a range of functional attributes that ensure their 
fertilizing capacity (Watson, 1995)  

Maintenance of sperm function during freezing and 
thawing depends upon several interrelated factors that 
include cooling rate, equilibration period and freezing 
method (Pontbriand et al., 1989; Bailey et al., 2000; 
Curry, 2000; Anel et al., 2006), but their adverse effects 
are manifested on thawing. The degree of cryo-damage 
also depends on several factors (Watson, 1995; 2000) 
which limit the survival of spermatozoa during incubation. 
Under the best experimental conditions, about half of the 

population of motile sperm survives the freeze-thaw 
process (Watson, 1995; Sanchez-Partida et al., 1999; 
Curry, 2000). In this study, it was observed that controlled 
rate of cooling resulted in significantly higher sperm total 
and progressive motility compared with uncontrolled rate 
of cooling. The overall good post-thaw may be attributed 
to the efficacy of controlled rate freezing protocol and the 
criteria of processing only those ejaculates for cryo-
preservation which had thick consistency >80% and initial 
motility >2.5 × 10

9
 spermatozoa per ml.  

The recovery rate indicated that motility is better pre-
served with method 1. The fact that progressive motility 
was more affected by the freezing process than individual 
motility implied that these parameters measure different 
aspects of cell physiology and in particular, that the 
physiological basis for the progressive motility parameter 
is more sensitive to cryobiological damage (Anel et al., 
2003) 

The controlled-rate cooling protocol, besides providing 
complete automation in the cryopreservation process, 
might also protect spermatozoa against some adverse 
effect caused by minor fluctuation in temperature im-
posed by the transfer of cooled straws from cold cabinet 
to cell freezer as done in the uncontrolled cooling rate 
ram semen freezing protocol. 

Apart from identifying motile and static spermatozoa, 
CASA can also categorize spermatozoa on the basis of 
velocity of each motile sperm and measure the mean 
sperm velocity and related sperm track dimensions (Joshi 
et al., 2003). The measurement of sperm velocity has 
been considered as an indirect indicator of mitochondrial 
function in spermatozoa. During cryopreservation, sper-
matozoal mitochondria undergo damages (Gillan et al., 
2004; Peris et al., 2004) resulting in the decrease of 
respiratory rate of frozen-thawed ram spermatozoa 
(Windsor, 1997). In this study, the mean VCL and VSL of 
post-thaw spermatozoa were significantly higher in 
samples cooled at a controlled rate (method 1), com-
pared with samples cooled at an uncontrolled-rate 
(method 2); VAP of post-thaw was higher in sample 
cooled at method 1, but the effect was not significant 
thereby, implying that the magnitude of mitochondrial 
damage was almost similar under both cooling treat-
ments. 

Ram spermatozoa can tolerate a wide range of freezing 
rates (Colas, 1975; Pontbriand et al., 1989; Kumar et al., 
2003). In this study, the overall cooling rate of straws 
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Table 2. Analysis of variance showing the effect of freezing methods on percentage of motile cells (total and progressive motility). 
 

Source of variation df TMPrf MS F TMPot MS F PMPrf MS F PMPotMS F 

Method  1 25.215 14.409* 269.340 34.137** 103.335 19.315* 91.260 19.417* 
Error 4 1.750  7.890  5.350  4.700  
CV % - 1.63  4.14  3.35  4.34  

 

TMPrf, total motility pre-freezing; TMPot, total motility post-thawing; PMPrf, progressive motility pre-freezing; PMPot, progressive motility post-
thawing. *P < 0.05;**P < 0.01. 
 
 
 

Table 3. Kinetic parameters (CASA) of post-thawing ram sperm for two freezing methods (means ± S.E.M.). 

 

Method VSL (µm/s) VCL (µm/s) VAP (µm/s) LIN (%) 

Method 1 96.1±44.4
a
 158.6±51.8

a
 107.3±40.5

NS
 60.59±19

NS
 

Method 2 78.4±18.4
b
 133.0±28.3

b
 91.1±20.3

NS
 58.9±9

NS
 

 

NS, Non-significant; a,b, different superscripts within columns are significantly differ. 
 
 

 
Table 4. Analysis of variance showing effect of freezing methods on kinetic parameters (CASA of post-thawing ram sperm). 

 

Source of variation df VSL MS F VCL MS F VAP MS F LIN MS F 

Method  1 496.935 17.113* 975.375 14.119* 393.660 0.609 1.5 0.035 
Error 4 27.460  69.080  79.529  43  
CV % - 6.01  5.70  8.99  11.02  

 

*P < 0.05;**P < 0.01. 
 
 
 

achieved under uncontrolled conditions was approxi-
mately at the rate of 0.15°C per min from 25 to 5°C, 
which was close to the approximate cooling rate of 
0.14°C per min on cooling straws from 30 to 5°C in the 
cold chamber. However, under the uncontrolled 
conditions, cooling over the period of 135 min was not at 
a linear rate, commencing at the rate of 0.4°C per min 
from 25°C for 15 min and continuing at the rate of 0.2°C 
per min for 15 min, 0.13°C per min for 60 min and 
thereafter, progressed at the rate of 0.06°C per min for 45 
min up to 5°C. Kumar et al. (2003) observed optimal 
cryosurvival of ram spermatozoa when cooled at the rate 
of 0.2°C per min from 22 to 5°C over a period of 90 min 
followed by freezing at the rate of 30°C per min from 5 to 
-50°C and concluded that careful control of the cooling 
and freezing rates are essential for maximal recovery of 
viable and functional cells. 
 
 
Conclusion 
 
The results indicated that the controlled rate of cooling 
had significant effect on percentage of motile cells (total 
and progressive motility) pre-freezing, post-thawing and 
kinetic parameters of post-thawing ram spermatozoa, 
compared with the uncontrolled rate of cooling prior to 
programmable freezing. Further research efforts are 
needed to comparatively assess the fertilizing ability of 
ram semen frozen by controlled and uncontrolled cooling 
rate cryopreservation protocols. 
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