
                                                                                                             Anim. Reprod., v.6, n.4, p.526-534, Oct./Dec. 2009 
 

_________________________________________ 

1Corresponding author: ajoshi2k@yahoo.com 
Phone: +91(1437)22-0165; Fax: +91(1437)22-0163 
Received: April 16, 2009 
Accepted: December 29, 2009 

Effect of post-thaw incubation on semen characteristics of ram spermatozoa cryopreserved 
under controlled and uncontrolled rate of cooling 

 
D. Kumar, A. Joshi1, S.M.K. Naqvi  

 
Semenology Laboratory, Division of Animal Physiology and Biochemistry, Central Sheep and Wool Research Institute, 

Avikanagar via Jaipur, Rajasthan-304501, India 
 
 

Abstract 
 

Exposure of frozen-thawed spermatozoa to a 
thermal resistance test reveals damages, which are not 
apparent immediately after thawing but are useful to 
assess the fertilizing ability of ram spermatozoa. Our 
earlier study has shown that cryopreservation of ram 
spermatozoa under controlled rate of cooling and 
freezing significantly improves the post-thaw motility 
and acrosomal integrity, compared to uncontrolled rate 
of cooling prior to controlled rate of freezing. The 
purpose of this study was to assess the effect of post-
thaw in vitro incubation on motion characteristics and 
acrosomal integrity of ram spermatozoa cryopreserved 
under controlled (Group 1) and uncontrolled rate of 
cooling (Group 2) followed by programmable freezing. 
Semen samples of good initial motility obtained from 
adult Malpura rams were pooled, diluted to 1 x 109 
spermatozoa per ml with Egg yolk-Test-glycerol 
extender and packaged in 0.25 ml straws. Straws 
representing Group 1 were cooled in a programmable 
cell freezer from 25 to 5°C at the rate of 0.15°C per 
minute followed by a holding time of 2 h for 
equilibration, while straws of Group 2 were allowed to 
cool slowly up to 5°C and equilibrate for 2 h in the cold 
cabinet. After equilibration, straws of Group 2 were also 
loaded in the cell freezer for freezing straws of both the 
treatment groups simultaneously from 5 to –125°C at 
the rate of 25°C per minute. Thawing of straws was 
done at 50°C for 10 seconds and thawed spermatozoa 
were subjected to a thermal resistance test at 37°C for 
4 h. Samples were assessed immediately after thawing 
and at hourly interval for sperm motion 
characteristics by computer-aided semen analysis 
technique. Post-thaw incubated spermatozoa were 
also evaluated at 0, 1, 2, 3, and 4 h for acrosomal 
integrity after staining the dried semen smears with 
Giemsa stain. The % motility, % rapid moving 
spermatozoa, % linearity and % sperm with normal 
acrosome were significantly (P < 0.05) higher in Group 
1 compared to Group 2. The effect of incubation time 
was also significant (P < 0.05) on % motility, fraction of 
rapid motile spermatozoa, % linearity, curvilinear 
velocity, average path velocity, straight line velocity, area 

of sperm head, lateral head displacement and % 
spermatozoa with normal acrosome. The % motility, % 
rapid motile spermatozoa, sperm velocity, lateral head 
displacement and % spermatozoa with normal acrosome 
progressively declined during 4 h of incubation but the 
decline in all the traits was less in Group 1 compared to 
Group 2. The results showed that controlled rate of 
cooling conferred better cryopreserving ability to ram 
spermatozoa for post-thaw thermoresistance test 
compared to uncontrolled rate of cooling prior to 
programmable freezing. 
 
Keywords: acrosome, frozen ram semen, spermatozoa, 
sheep. 
 

Introduction 
 

Ram spermatozoa are susceptible to various 
stresses during cryopreservation (Salamon and 
Maxwell, 2000; Anel et al., 2006). The physiological 
and functional changes that occur in spermatozoa 
include an irreversible reduction in motility, viability 
and acrosome integrity (Watson, 1995; Salamon and 
Maxwell, 2000; Medeiros et al., 2002). These 
alterations result in low fertility following artificial 
insemination with frozen-thawed semen due to impaired 
sperm transport through the cervix and short duration of 
survival in the female reproductive tract (Salamon and 
Maxwell, 1995a, b). In vitro assessment of sperm longevity 
(thermo-resistance) by incubation at body temperature 
mimics somewhat the conditions within the female 
reproductive tract. It has been suggested that motility of 
freshly thawed samples is not a good indicator for the 
success of in vitro fertilization, whereas longevity after 
sperm incubation is a much more reliable parameter 
(Roth et al., 1999). The duration of motility and other 
sperm characteristics during the post-thaw incubation is an 
indication of the usability of the semen (Saacke and White, 
1972). Moreover, exposure of frozen-thawed spermatozoa 
to a thermoresistance test reveals damages, which are not 
apparent immediately after thawing (Aisen et al., 2000). 
The maintenance of a higher motility of sperm during 
incubation reflects a greater likelihood to survive in the 
female genital tract, undergo capacitation and fertilize the 
ovum (Fiser et al., 1991).  
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Spermatozoa of most species are 
conventionally cooled to approximately 5°C before 
freezing to develop maximum resistance to freezing 
stress. Cooling is the first temperature change known to 
alter the physical properties of cell membranes 
(Hammerstedt et al., 1990) and thus is one of the 
variables potentially affecting the success of artificial 
insemination with frozen-thawed semen. 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, 1989; 
Fiser et al., 1986; Pontbriand et al., 1989; Soderquist et 
al., 1997; Byrne et al., 2000; Gil et al., 2000; Bag et al., 
2004; Joshi et al., 2005). 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; Mortimer and 
Maxwell, 2004; Holt et al., 2007; Kumar et al., 2007) 

and has been applied for short-term (Briggs et al., 1996; 
Joshi et al., 2003; Kasimanickam et al., 2007) and long-
term preservation of ram spermatozoa (Edward et al., 
1995; Moses et al., 1995; Sanchez-Partida et al., 1999; 
Bag et al., 2002a, b; Joshi et al., 2006). CASA and 
Giemsa staining techniques have shown in our earlier 
study that controlled rate of cooling significantly 
improves the post-thaw motility and acrosomal integrity 
of ram spermatozoa, compared to uncontrolled rate of 
cooling prior to programmable freezing of semen in 
straws (Joshi et al., 2008). The aim of the present study 
was, therefore, to investigate the effect of post-thaw 
incubation on motion characteristics and acrosomal 
integrity of ram spermatozoa cryopreserved under 
controlled and uncontrolled rate of cooling followed by 
controlled rate of freezing. 
 

Materials and Methods 
 
The study was conducted at the Central Sheep 

and Wool Research Institute, Avikanagar which is 
located at 75-28°E longitude, 26-26°N latitude and at an 
altitude of 320 m above sea level in the semi-arid zone 
of subtropical India. Adult Malpura (n = 10) rams 
maintained in semi-intensive system under preventive 
and clinical veterinary care, ranging in age from 1.2 to 
4.8 years, with mean body weight of 44.14 ± 1.75 kg 
were used as semen donors for the experiment at the 
onset of the autumn, when major breeding activities 
commence at the farm. Malpura is a hardy native sheep 
of semi-arid tropical India and reared for wool and 
mutton production. The rams were grazed for 8-10 h 
daily on natural vegetation interspersed with seasonal 

shrubs, grasses and forbs (Achyranthes aspera, 
Commelina forskalaei, Eleusine aegypticae and 
Sorghum helepense). In addition to grazing, the rams 
were provided 200 g concentrate (65% barley, 32% 
groundnut cake, 2% mineral mixture and 1% common 
salt) per head, daily.  

On the day of freezing, ejaculates were 
obtained from donor rams in quick succession by 
artificial vagina warmed to 42-45°C with water after 
mounting on the restrained estrus ewe secured in the 
service crate. The semen samples were evaluated for 
volume, consistency, wave motion (0-5 scale), 
concentration (photometrically) and % motile 
spermatozoa (0-100%; Evans and Maxwell, 1987). 
Ejaculates having thick consistency, rapid wave motion 
(4 or 5 in 0-5 scale), 90% initial motility and more than 
3 x 109 spermatozoa per ml were pooled to avoid 
differences among individuals and immediately diluted 
with a TEST-yolk-glycerol extender (Schmehl et al., 
1986) at 25°C to a final concentration of 1 x 109 

spermatozoa per ml (Bag et al., 2002a, b). The time 
lapse between the first and last ejaculation until dilution 
was approximately 10 min. 

Diluted samples were aspirated into 0.25 ml 
size French plastic straws (IMV Technologies, L’ Aigle, 
France), sealed with polyvinyl alcohol powder, 
submerged in water kept in a heavy wall glass tray (200 
x 200 x 58 mm dimensions) at 25°C and were divided 
into two groups. Straws representing Group 1 were 
loaded vertically in the programmable cell freezer pre-
cooled to 25°C (Model Kryo 360-3.3, Planer Products 
Ltd., Middlesex, UK). The straws representing Group 2 
were transferred along with the glass tray containing 
1.5 l of water to the cold cabinet pre-cooled to 5°C for 
slow cooling from 25 to 5°C. A thermometer (Model T 
3330, range + 30 to – 200°C, SGA Scientific Inc., USA) 
was placed within the glass tray with its bulb dipped in 
water and the temperature was recorded every 15 min 
from 25 up to 5°C. The uncontrolled cooling of straws 
was achieved over a period of 135 min in the cold 
cabinet at the rate of approximately 0.15°C per min, 
which was followed by equilibration at 5°C for 2 h. 
Controlled-rate cooling of Group 1 straws was initiated 
in the cell freezer at the linear rate of 0.15°C per min 
from 25 to 5°C followed by a holding time of 2 h at 5°C 
by mimicking the overall cooling rate and equilibration 
period of the uncontrolled cooling group. The 
equilibrated straws of Group 2 were loaded into the cell 
freezer at 5°C by imposing a pause of 10 min after the 
termination of the holding time of Group 1. The 
straws of both treatment groups were then 
simultaneously frozen by continuation of the freezing 
program from 5 to – 125°C in the cell freezer at the rate 
of 25°C per min and then plunged into liquid nitrogen 
for storage until required.  
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Frozen straws of each treatment group were 
randomly selected and thawed individually at 50°C for 
10 sec in a water bath (Bag et al., 2002a, b). Thawed 
semen samples of each treatment group obtained 
from 4 straws were pooled and transferred into round 
bottom screw cap glass tubes (5 ml, 15 x 75 mm) and 
subjected to a thermoresistance test at 37°C for 4 h. The 
motion characteristics of spermatozoa immediately after 
thawing (0 h) and subsequently after 1, 2, 3, and 4 h 
post-thawing incubation were objectively evaluated by 
computer-aided semen analysis (CASA) technique 
using motility analyzer (Hamilton-Thorn Biosciences 
HTM-IVOS Animal-Version 12.1 M, Beverly, MA, 
USA).  

In this study, all the samples were diluted 
approximately to the recommended range of 25 x 106 
sperm/ml with normal saline solution at 37°C and the 
settings of the analyzer were kept constant prior to 
CASA analysis for all the observations so as to ensure 
reliability and repeatability of the results. Moreover, the 
time lapse between sample dilution and the CASA 
analysis was kept short, thereby enabling the 
spermatozoa to survive until completion of analysis 
(Bag et al., 2004). The semen analyzer was set up as 
follows: Image type: Phase contrast; Frames at frame 
rate: 30 at 60/sec; Minimum contrast: 60; Low and high 
static size gates: 0.8 to 6.25; Low and high static 
intensity gates: 0.25 to 1.50; Low and high static 
elongation gates: 20 and 70; Default cell size: 5 pixels; 
Default cell intensity: 55; Magnification: 1.89 (Kumar 
et al., 2007). Twenty µl of the diluted samples were 
placed in a prewarmed Makler counting chamber (10 µm 
deep, Sefi-Medical Instruments Ltd., Haifa, Israel) and 
5 fields per chamber were examined at 37°C in the 
analyzer. The semen variables included in the analysis 
were: curvilinear velocity (VCL, µm/sec), average path 
velocity (VAP, µm/sec), straight line velocity (VSL, 
µm/sec), % motility, % rapid motility (VAP > 75 µm/sec), 
% medium motility (10 < VAP < 75 µm/sec), % slow 
motility (0 < VAP < 10 µm/sec), % linearity, % 
straightness, % elongation (ratio of minor axis/major 
axis x 100), area (µm2, major axis x minor axis), beat 
frequency (BF, Hz) and amplitude of lateral head 
displacement (ALH, µm) of the spermatozoa. 

Semen samples were also evaluated 
immediately after thawing (0 h) and subsequently after 
1, 2, 3 and 4 h post-thawing incubation for acrosomal 
integrity using Giemsa stain (E. Merck, India), as 
described by Watson and Martin (1972). The stained 
slides were selected in unknown order by the observer 
to avoid subjective bias. On each slide, 100 stained 
spermatozoa were randomly chosen and examined with 
a microscope (Nikon Biophot, Nikon Corporation, 
Tokyo, Japan) equipped with an oil-immersion lens.

The acrosomes were considered normal (intact) when 
the stain was clearly and evenly distributed over the 
spermatozoon anterior to the equatorial segment and 
damaged (non-intact) when the acrosome was swollen, 
separated or completely lost from the spermatozoon 
(Watson, 1995). 

The study was replicated three times, under 
controlled and uncontrolled cooling conditions at 
weekly intervals using the same donor rams for semen 
collection. The CASA estimates and percentage of 
normal acrosomes were derived from six observations 
from the pool of each treatment group and post-
thawing incubation time. The data were analyzed by 
analysis of variance (ANOVA) using the general linear 
model (GLM) repeated multivariate measures procedure 
of SPSS 13.0 (SPSS Inc. Headquarters, Chicago, IL, 
USA) after arc sin transformation of the values in 
percentage with three levels of week as within subject 
variable and effects of cooling rates and incubation 
period as between subject variables for each measure. 
Values were considered to be statistically significant 
when P < 0.05. 
 

Results 
 

The overall effects of cooling rate and post-
thaw incubation on motion characteristics and 
acrosomal integrity are given in Table 1. Sperm 
velocities and track dimensions are depicted in Table 2. 
Controlled rate cooling provided better sustenance of 
motility and acrosomal integrity of ram spermatozoa 
compared to uncontrolled cooling. The percent motility, 
percent rapid moving spermatozoa, percent linearity and 
percent spermatozoa with normal acrosome were 
significantly (P < 0.05) higher in semen that was frozen 
under controlled rate cooling. However, no significant 
differences were observed between controlled and 
uncontrolled cooling for percent elongation of sperm 
head, area of sperm head, percent straightness, sperm 
velocities, lateral head displacement and BF of post-
thaw incubated spermatozoa. The effect of incubation 
time was also significant (P < 0.05) on percent motility, 
percent rapid motile spermatozoa, percent linearity, 
sperm velocities, sperm head area, ALH and percent 
spermatozoa with normal acrosome. There was a 
progressive decline in the percent motility, percent rapid 
motile spermatozoa, VCL, VAP, VSL, ALH and 
percent spermatozoa with normal acrosome over the 
period of post-thaw incubation. The decline was less in 
samples processed to cryopreservation under controlled 
rate cooling compared to uncontrolled rate cooling. 
However, the interactions of cooling rates and 
incubation period with respect to all the sperm 
characteristics were not statistically significant. 
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Discussion 
 

Maintenance of sperm function during freezing 
and thawing depends upon several interrelated factors that 
includes cooling rate, equilibration period and freezing 
method (Fiser and Fairfull, 1986, 1989; Pontbriand et al., 
1989; Maxwell and Salamon, 1993; Salamon and 
Maxwell, 1995a; 2000; Bailey et al., 2000; Curry, 2000; 
Anel et al., 2006) but their adverse effects are manifested 
on thawing (Holt et al., 1992; Holt and North, 1994). The 
degree of cryo-damage also depends on several factors 
(Salamon and Maxwell, 1995b, 2000; Watson, 1995, 
2000; Naqvi et al., 2001), which limit the survival of 
spermatozoa during incubation (Aisen et al., 2000; Bag et 
al., 2002a). 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 the present study it was observed that 
controlled rate of cooling resulted in significantly higher 
sperm motility and acrosomal integrity up to 4 h of 
incubation, compared to uncontrolled rate of cooling. The 
overall good post-thaw recovery obtained following long-
term preservation of ram spermatozoa and maintenance of 
more than 50% motile sperm after incubation in this study 
may be attributed to (i) the efficacy of controlled rate 
freezing protocol and (ii) the criteria of processing only 
those ejaculates for cryopreservation which have thick 
consistency, rapid wave motion, 90% initial motility, 
>3 x 109 spermatozoa per ml.  

The main factors that can provide erroneous 
CASA results are settings of the semen analyzer on the 
basis of sperm dimensions, sperm concentration and 
image digitization. The role of all these factors is very 
important for meeting the operational standards and 
comparability of automated semen analyzers (Davis and 
Siemers, 1995; Verstegen et al., 2002; Mortimer and 
Maxwell, 2004). CASA technique is accurate for objective 
measurements of sperm kinematics if care is taken when 
preparing the semen samples and proper setting of the 
instrument. The results of CASA are inaccurate if the 
sperm count for analysis is below 20 X 106 sperm/ml or 
above 50 x 106 sperm/ml (Davis and Katz, 1992; 1993). 
Apart from identifying motile and static spermatozoa 
CASA can also categorize spermatozoa on the basis of 
velocity of each motile sperm, measure the mean sperm 
velocity and related sperm track dimensions (Holt and 
Palomo, 1996; Joshi et al., 2003; Kumar et al., 2007). 

Maintenance of higher sperm motility and 
acrosomal integrity under controlled rate of cooling, 
compared to uncontrolled rate of cooling suggests its 
beneficial effect on sperm plasma membrane, which is 
one of the primary sites for sperm injury sustained during 
cooling (De Leeuw et al., 1990). The mechanism of 
plasma membrane damage is not completely understood, 
but there is increasing evidence that membranes are 
compromised due to reordering of membrane lipids during 
cooling, thus disturbing the lipid-lipid and lipid-protein 
associations required for normal membrane function 

(Bailey et al., 2000). The results obtained in the present 
study revealed that the percent motility and fractions of 
rapidly motile spermatozoa were significantly decreased 
during post-thaw incubation. Although there were 
statistical differences, no biological implications on 
reproduction efficiency are expected because semen 
characteristics means between treatments are too closed. 
Similar results have been reported for ram sperm frozen in 
mini straws during post-thawing incubation following the 
CASA analysis (Gil et al., 2000; Bag et al., 2002a, Joshi 
et al., 2005). The significant decline in the percentage of 
motile and rapidly motile sperm during post-thawing 
incubation may be due to the inability of frozen-thawed 
spermatozoa to generate enough ATP through 
mitochondrial respiration as a consequence of 
mitochondrial ageing (Cummins et al., 1994; Viswanath 
and Shanon, 1997) or the toxic effect of membrane-bound 
aromatic amino acid oxidase enzyme released by the dead 
sperm (Shanon and Curson, 1972).  

Freezing and thawing causes damage to 
acrosomal membrane of spermatozoa (Watson, 1975; 
Watson and Martin, 1975; Pontbriand et al., 1989; Aisen 
et al., 2000; Bag et al., 2002a; 2004). Evaluation of 
acrosomal integrity of frozen-thawed ram spermatozoa is 
useful for improvement of ram semen preservation 
protocols (Anel et al., 2006). Prolonged incubation of 
sperm also causes deterioration and changes in the 
acrosome integrity of ram spermatozoa (Pontbriand et al., 
1989). Similar changes in the acrosomal integrity of ram 
spermatozoa were observed in the present study after post-
thaw incubation, which was in agreement with our earlier 
findings (Bag et al., 2004; Joshi et al., 2005). 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 imposed 
by the transfer of cooled straws from cold cabinet to cell 
freezer as done in the uncontrolled cooling rate ram semen 
freezing protocol.  

The measurement of sperm velocity has been 
considered as an indirect indicator of mitochondrial 
function in spermatozoa (Graham et al., 1984). During 
cryopreservation spermatozoal 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 the present study, the 
mean VCL, VAP and VSL of post-thaw incubated 
spermatozoa were higher in samples cooled at a controlled 
rate, compared to samples cooled at an uncontrolled-rate, 
but the effect was not significant thereby implying that the 
magnitude of mitochondrial damage was almost similar 
under both the cooling treatments. However, after 4 h of 
incubation significantly higher VCL was observed in 
samples cooled under a controlled rate suggesting subtle 
protective effect of controlled rate cooling.  

Ram spermatozoa can tolerate a wide range of 
freezing rates (Entwistel and Martin, 1972; Watson and 
Martin, 1974; Colas, 1975; Fiser and Fairfull, 1986, 1989;
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Pontbriand et al., 1989; Kumar et al., 2003). In this study, 
the overall cooling rate of straws achieved under 
uncontrolled conditions was approximately 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 reported by 
Morrier et al. (2002) on cooling straws from 30 to 5°C in 
the cold chamber. However, under uncontrolled 
conditions, cooling over the period of 135 min was not at 
a linear rate, commencing at the rate of 0.4ºC per min 
from 25ºC for 15 min, and continuing at the rate of 0.2ºC 
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. In our earlier studies we have 
observed higher post-thaw survival of sperm frozen 
at –125°C, compared to –25 or –75°C (Bag et al., 2002a, 
b). Similarly, the higher survival of post-thaw incubated 
sperm under controlled rate of cooling achieved in this 
study might be attributed to lesser structural damage to 
frozen-thawed spermatozoa due to uniform cooling at the 
rate of 0.15°C from 25 to 5°C followed by freezing at the 
linear rate of 25°C per min from 5 to –125°C. 

In conclusion, the results indicated that 
controlled rate of cooling had significant effect on 
spermatozoa survivability and acrosomal integrity during 
post-thaw incubation, compared to 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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