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ABSTRACT 

 
 The effects of different thawing temperatures (37oC for 30 second and 20oC 
for 60 second) on viability and membrane integrity of cryopreserved spermatozoa with 
different hypoosmotic conditions (50, 100, 150, 200 and 300 mOsm) and incubation 
times (0, 15, 30, 45 and 60 min) at the same temperature of thawing using frozen 
semen were studied on semen from five Friesian bulls. Results showed that 
immediately after thawing sperm motility (58% vs. 62%), grade of motility (3.3 vs. 3.7) 
and sperm livability (76 vs. 84%) and abnormality (3.6 vs. 5.2%) improved (P<0.05) in 
spermatozoa determined immediately after 37oC than 20oC thawing temperature. 
However, percentage of spermatozoa with intact acrosome did not differ significantly 
(73.6% vs. 79%). Pearson’s correlation coefficients between different sperm 
characteristics of thawed semen revealed a positive correlation between sperm 
motility percentage and each of, grade of motility and sperm livability, and between 
sperm livability and grade of motility. Such correlations were significantly (P<0.05) for 
stronger semen thawed at 37oC (r=0.92, 0.94 and 0.91, respectively) than those at 
20oC (r=0.41, 0.73 and 0.80, respectively). Correlation coefficient between 
percentage of sperm motility and abnormality was negative, although it was 
significant (P<0.05) and strong in semen thawed at 20oC (r=-0.88) than in those 
thawed at 37oC (r=-0.23). 
 Sperm viability (percentage and grade of motility) showed significant 
(P<0.05) reduction from 300 up to 100 mOsm in both thawed semen, but the 
differences between the two thawed semen were not significant at all osmolarity 
levels. However, percentage of curled spermatozoa significantly (P<0.05) increased 
by decreasing the osmolarity level from 300 up to 100 mOsm for semen thawed at 
37oC and up to 50 mOsm for those thawed at 20oc. Yet, the percentage of curling 
was significantly higher in semen thawed at 37oC than 20oC at all osmolarity levels. 
 On the other hand, sperm viability decreased by increasing incubation time 
in both thawed semen showing significantly (P<0.05) the minimal values of grade of 
motility (1.80) at 60 min for 37oC thawing and at 15 min for 20oC thawing (1.84). 
While, motility percentage  was reached their minimal values at 45 min in both 
thawed semen. However, the differences between both thawed semen were not 
significant. The percentage of curled spermatozoa increased significantly (P<0.05) by 
advancing incubation time up to 45 min in both thawed semen, but its values were 
always significantly higher in semen thawed at 37oC than those thawed at 20oC. 
 The correlation coefficient between percentage of curled spermatozoa and 
each of sperm motility, livability and intact acrosome percentages was significantly 
positive and stronger in semen thawed at 37oC than that at 20oc.  
 The current study, indicate that thawing at 37oC for 30 sec results in better 
sperm quality in terms of high sperm viability and membrane integrity (reactivity to 
hypoosmotic swelling test, HOS- test). 

Keywords: Friesian bulls, cryopreserved spermatozoa, thawing    temperature 
osmotic shock. 
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INTRODUCTION 

 
 Evaluation of frozen semen has been considered as the ascertaining 
of several particular measured characteristics of processed semen for its 
contained products, which might reflect the ability of the contained 
spermatozoa to impregnate females (Saacke, 1983). The rate of thawing 
markedly affects the viability and livability of spermatozoa that have been 
frozen (Pickett et al., 1965). Thawing may be faster at the higher temperature 
than that occurring at the lower temperatures (Pace et al., 1981). Various 
methods of thawing frozen bovine semen have been attempted (Pace et al., 
1981 and Correa et al., 1996). The recommended temperature and duration 
of thawing may be varied independing on the procedures and solutions used 
in semen assessment during freezing or according to straw size (Jondet, 
1972). 
 Post-thaw spermatozoa are very susceptible to damage as a 
consequence of abrupt changes in osmotic conditions induced by rapid 
dilution (Hammerstedt et al., 1990). Osmotic shock may occur when the 
extracellular glycerol concentration in post-thawed semen is reduced abruptly 
by exposure to female reproductive tract fluids during AI (Correa and Zavos, 
1995). Because some immotile sperm in hypoosmotic solution have intact 
plasma membranes and are capable of responding osmotically (Smikle and 
Turek, 1997), on osmotic swelling test has been used to determine effects of 
thawing temperature on membrane integrity of spermatozoa. 
 The aim of this study was to evaluate influence of different thawing 
temperatures on viability and reactivity of cryopreserved Friesian 
spermatozoa processed in various osmolarity levels and incubation times to 
determine the alteration of the sperm cell membrane. 
 

MATERIALS AND METHODS 
 

 Frozen semen from five Friesian bulls, packaged in 0.5 ml plastic 
straws was provided by the International Livestock Management Training 
Center (ILMTC) Sakha, belonging to the Animal Production Research 
Institute, Agricultural Research Center, Ministry of Agriculture. The glycerol 
concentration of the cryopreserved medium was 7% (v/v). The medium used 
for dilutions and incubation was prepared with fructose (1.25%) and Na-citrate 
(2.9%) in distilled water to give osmolarity of 300 mOsm using osmometer 
(Osmett A, Model 5002). The final osmolarity of the tested solutions was 
modified from 300 up to 50 mOsm via serial dilution by distilled water to 
obtain four hypoosmotic levels with 50, 100, 150 and 200 mOsm. 

 

Thawing and sperm processing: 
 One straw from each of five Friesian bulls was allocated to two 
treatment groups. Frozen semen straws were thawed in a water bath at 37oC 
for 30 sec or 21oC for 60 sec. Immediately after complete thawing, semen 
specimens were taken to evaluate grade of motility and percentages of sperm 
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motility, viability and abnormality as well as percentage of spermatozoa 
having intact acrosome. 

 

Hypoosmotic swelling test (HOS-test): 

 Specimen from each semen straw (50l) was added to one ml of the 
predetermined hypoosmotic solution into a glass tub and was evaluated 
immediately (zero time) or at incubation time for 15, 30, 45, 60 minutes at the 

same temperature of thawing. At each incubation time, 15 l of well-mixed 
specimen with each hypoosmotic solution was assessed on a glass slide to 
make a semen smear, then it was dried and stained with eosin- nigrosin 
mixture (1:1) stain. All prepared slides were examined using research 
microscope at x 400 to calculate the percentage of curled spermatozoa in a 
microscopic field of  200 spermatozoa. Also, at each incubation time, semen 
specimens were taken to determine individual motility and grade of motility, 
with different hypoosmotic solutions used. 

 

Sperm evaluation: 
 Immediately after thawing, percentage of individual motility of 
spermatozoa was estimated according to Amann and Hammerstedt (1980). 
The technique used to estimate grade of sperm motility was similar to that 
described by Zavos et al. (1994) as follows: Grade 1, oscillating movement 
but stationary, Grade 2, slow movement with no fixed direction, Grade 3, slow 
progressive movement and Grade 4, fast progressive movement. The 
percentage of live spermatozoa was determined according to Campbell et al. 
(1956). Eosin-nigrosine stain was used to determine sperm abnormaility 
percentage according to Blom (1983). While, percentage of spermatozoa with 
intact acrosome was determined using Giemsa stain technique. 
 At different incubation times with various osmolarity levels, grade and 
percentage of motile spermatozoa were determine. While, the percentage of 
spermatozoa with coiled tails was established as described by Zavos (1982). 

 

Statistical analysis: 
. The data were analyzed by ANOVA according to Snedecor and 
Cochran (1980). The least significant difference method (LSD) was used to 
determine significance among the various means. Pearson’s coefficient of 
correlation was calculated using SAS computer programme (SAS, 1987). 
 

RESULTS AND DISCUSSION 
 

Semen characteristics of thawed semen: 
 Data obtained in Table 1 show that thawing at 37oC for 30 sec. 
enabled the recovery of spermatozoa in terms of significantly (P<0.05) higher 
viability (grade of motility and motility percentage), livability and lower 
(P<0.001) abnormality percentages of spermatozoa immediately estimated in 
semen after thawing. While, percentage of spermatozoa with intact acrosome 
did not differ significantly. Spermatozoa thawed at 20oC for 60 sec., however, 
showed inferior results. 
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Table 1. Effect of thawing temperature on semen characteristics                     

        measured immediately after thawing (X±SE). 

Trait 
Thawing temperature (oC) Significant 

20oC (60 sec.) 37oC (30 sec.)  

Grade of motility (score 1-4) 
Gross motility (%) 
Sperm livability (%) 
Sperm abnormality (%) 
Intacted acrsome (%) 

3.30.12 

58.00.13 

76.02.6 

5.20.72 

73.63.2 

3.70.18 

62.01.0 

84.02.6 

3.60.46 

79.02.5 

* 
* 
* 
** 

NS 

NS:  Not significant  * P<0.05  ** P<0.01 
 

 Maintenance of viability and livability of spermatozoa were higher 
when they were thawed at 37oC for 30 which is in accordance with the 
recommended thawing procedure for cryopreserved spermatozoa (Pace and 
Sullivan, 1978 ; Pace et al., 1981 and Correa et al., 1996). Graham et al., 
1978) reported that when spermatozoa were thawed optimally, the 
intracellular ice-crystal formation may be prevented. This may assume the 
formation of intracellular ice-crystal, when spermatozoa were thawed at 20oC 
for 60 sec, which may affect intactness of sperm cell membrane, in turn 
sperm quality of semen. Furthermore, the rate of thawing (Thawing duration) 
may interact with thawing temperature. Too rapid a thawing rate results in 
unbalanced rates of egress of glycerol and influx of water, while a very low 
thawing rate results in recrystallization of micro crystals of intercellular water 
and subsequent damage to subcellular organelles (Hammerstedt et al., 
1990). 
           Regarding the correlations between different traits of spermatozoa 
immediately estimated in thawed semen, similar trend of correlation 
coefficients were obtained in semen thawed at 37oC and 20oC. In semen 
thawed at 37oC, there was strong and significant (P<0.05) positive correlation 
between sperm motility percentage and each of grade of motility and live 
sperm percentage, and between grade of motility and live sperm percentage. 
Such correlations were lower and insignificant in semen thawed at 20oC 
(Table 2) This is in agreement with the correlation coefficients reported by 
some authors, who reported a range of positive correlation (r=0.44, -0.87) 
between sperm motility and live sperm percentage (Clarke et al., 1973 and 
Garg and Pandit, 1983). 
  The correlation between sperm abnormality % and each of 
sperm motility %, grade of motility and live sperm % was almost negative, but 
it was stronger and significant (P<0.05) between sperm abnormality % and 
each of percentage of motility and livability of spermatozoa and insignificantly 
(P<0.05) higher between sperm abnormality percentage and grade of motility 
in semen thawed at 20oC than in semen thawed at  37 oC  (Table2). This may 
speculate the effect of sperm abnormality on motility of spermatozoa thawed 
at 20oC. 
 On the other hand, the correlation of spermatozoa with intact 
acrosome did not follow a specific trend in both thawed-semen with sperm 
motality percentage and grade of motility and live sperm %. However, it was 
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correlated negatively with sperm abnormality %, which was significant 
(P<0.05) only in semen thawed at 37oC (Table 2). 
 

Table 2: Correlation coefficients among different characteristics of 

thawed semen ( r ). 
Trait Thawed 

semen 

Sperm 

motiliy (%) 

Grade of 

motility 

Live sperm 

(%) 

Sperm 

abnormality 

(%) 
Grade of motility 
  (Score 1-4) 

37oC 
20oC 

0.919* 
0.408 

   

Live sperm,  % 37oC 
20oC 

0.943* 
0.7266 

0.910* 
0.801 

  

Sperm abnormality, % 37oC 
20oC 

-0.233 
-0.881* 

0.088 
-0.686 

-0.529 
-0.872* 

 

Intact acrosome % 37oC 
20oC 

0.219 
-0.188 

0.069 
0.461 

0.277 
0.066 

-0.978* 
-0.136 

 * P<0.05                
 

              The obtained stronger correlation coefficients (Table 2) between 
most of traits in semen thawed at 37oC than 20oC may indicate the higher 
sperm quality of semen thawed at 37oC.  
 

Response of spermatozoa to HOS-test: 

Effect of osmolarity level: 
 For all osmolarity levels, regardless the incubation time, no significant 
differences were detected in viability of spermatozoa between semen thawed 
at 37oC or 20oC. However, susceptibility of spermatozoa to osmolarity levels 
in term of curled spermatozoa percentage was significantly different as 
affected by thawing temperature, being higher in semen thawed at 37 C than 
those at 20oC at all osmolarity levels (Table 3). 
            As osmolarity level was increased from 50 up to 300 mOsm, sperm 
viability increased and the reactivity of spermatozoa to HOS-test decreased. 
 

Table 3. Characteristics of cryopreserved semen following thawing and 

incubation at different osmolarity levels, regradless 

incubation time. (XSE) 
Trait Thawing 

temper-

ature 

Osmolarity level (mOsm) 

  50 100 150 200 300 

Grade of sperm motility 
(score 1-4) 

37oC 
20oC 

1.590.11c 

1.540.18c 

1.880.14c 

1.720.21c 

2.480.14b2

.380.17b 

2.680.13b 

2.640.13b 

3.480.11a 

3.120.16a 
  NS NS NS NS NS 

Sperm motility % 37oC 
20oC 

9.31.0d 

6.51.0 

10.41.0d 

7.81.2d 

37.81.4c 

35.21.3c 

55.60.9b 

53.01.4b 

63.41.1a 

61.01.9a 
  NS NS NS NS NS 

Sperm with curled tail 
% 

37oC 
20oC 

76.21.9c 

69.81.5d 

71.01.6c 

52.01.9c 

45.31.9b 

35.82.2b 

36.72.3a 

30.91.8a 

30.81.7a 

24.21.8a 
  * *** ** * * 

a, .b ..c and d Means denoted having different superscripts at the same raw are 

significantly different at P<0.05. 

Differences between thawing temperatures ( NS ;  significant, * P<0.05,** P<0.01 and *** 

P<0.001). 
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 In both semen thawed at 37 and 20,c maximum sperm viability were 
recorded significantly (P<0.05) with 300 mOsm, while the minimal values 
were obtained with 100 mOsm osmoalrity level. On the other hand, the trend 
of change in response of spermatozoa to HOS-test was different, being the 
highest (P<0.05) with 100 mOsm in case of semen thawed at 37 C and with 
50 mOsm osmolarity in case of that thawed at 20C.  However, the lowest 
values were recorded significantly in the two semen with 200 mOsm 
osmolarity. This finding may indicate the highest response of spermatozoa 
thawed at 37oC to HOS-test than those thawed at 20oC (Table 3). 
 Bull spermatozoa behave as osmometers (Drevius, 1972) and 
undergo curling in solution varying widely in osmolarity (Watson et al., 1992). 
The present results indicated that sperm viability was affected when 
spermatozoa were exposed to solution over a range of 100-300 mOsm 
osmolarity, although the differences were almost not significant between both 
thawed semen. Such trend of change is in agreement with that reported by 
Bredderman and Foote (1969), who observed that motility of bull 
spermatozoa decreased gradually as osmolarity was decreased to 94 mOsm. 
Also, Liu and Foote (1998) reported marked reduction in sperm viability as 
osmolarity level was decreased up to 100 mOsm. 
 In accordance with the trend of change in response of spermatozoa 
to HOS-test, several investigators have documented curling/swelling of 
membranes in response to low osmolarity in mammalian spermatozoa, being 
the maximum with 50-60 mOsm osmolarity (Correa and Zavos, 1994 in bull ; 
Vazquez et al., 1997 in boar and Moussa, 1999 in ram). 
 It is worthy noting that the highest rate of change in all studied traits 
were observed with osmolarity level less than 150 mOsm. Cragle and 
Salisbury (1959) reported insignificant effect of osmolarity level on oxygen 
uptake by bull spermatozoa within the range from 150 to 392 mOsm. This 
may support the present change in viability and response of all spermatozoa 
to HOS-test. 

 

Effect of incubation time: 
 Sperm viability decreased and response of spermatozoa to HOS-test 
increased by advancing incubation time from 0 to 60 min. (Table 4). It was 
observed that grade of motility was more affected by incubation time than 
sperm motility.percentage  Minimal values of motility grade and sperm motility 
percentage were reached significantly (P<0.05) at 45 min in case of semen 
thawed at 37oC. The corresponding times in semen thawed at 20oC were 15 
and 45 min . However, the differences between both thawed semen were not 
significant at all incubation time (Table 4). 
           Maximum reactivity of spermatozoa to HOS-test was reached 
significantly (P<0.05) at 30 min for 37oC thawing temperature and at 45 min 
for 20oC one. However, percentage of curling was always significantly higher 
in semen thawed at 37oC than at 20oC .The present results are in accordance 
with those reported for maximum response of spermatozoal at 30 min in bull 
(Correa and Zavos, 1994) and of 45 min in ram (Moussa, 1999). The 
response of spermatozoa to HOS-test is depending on cellular water uptake 
(Osmolarity level) per time unit (incubation time). So, the differences in 
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response to HOS-test may related to variation in membrane integrity of 
spermatozoa as affected by thawing temperature (Drevius, 1972). 
 

Table 4. Characteristics cryopreserved semen following thawing and 

incubation at different incubation times, regradless levels 

(XSE). 
Trait Thawing  Incubation time (minute) 

 temperature 0 15 30 45 60 

Grade of sperm motility 
(score 1-4) 

37oC 
20oC 

2.760.25a 

2.140.19a 

2.730.16a 

2.680.15b 

2.600.15a 

2.600.20b 

2.230.16ab 

2.140.18b 
1.800.21b 

1.840.15b 
  NS NS NS NS NS 

Sperm motility % 37oC 
20oC 

50.61.9a 

48.42.2a 

47.72.0a 

45.22.2a 

37.41.8b 

3522.3b 

22.72.1c 

18.52.3c 

18.22.2c 

16.22.1c 
  NS NS NS NS NS 

Sperm with curled tail 
% 

37oC 
20oC 

33.01.2c 

27.71.3 

47.01.7b 

32.81.5c 

55.51.5a 

44.62.0b 

59.31.6a 

51.91.8a 

65.22.1a 

55.51.5a 
  * *** ** * ** 

a, b c and. d Means denoted having different superscripts at the raw are significantly 

different at P<0.05. 

Differences between thawing temperature (NS : Not significant, * P<0.05,** P<0.01 and *** 

P<0.001). 

 
 The present differences between semen thawed at 37oC than 20oC 
may be attributed to effect of thawing temperature on physical and 
biochemical properties of sperm cell membrane permeability to water or 
cryoprotectants as function of the surrounding medium temperature 
(Hammestedt et al., 1990). Also, Correa et al. (1996) found that at 37oC 
thawing temperature, sperm cell membrane is more fluid than at the lower 
temperatures, which allows the diffusion of intracellular glycerol during sperm 
processing. 
 In supporting the previous results, correlation coefficients (Table 5) 
between all traits estimated in semen thawed at 37oC and percentage of 
curling/swelling of spermatozoa at different osmolarities and incubation times 
were positive stronger and significant, except for sperm abnormality, which 
had insignificantly (P<0.05) lower and negative correlation with HOS-test 
(Table 5). 
 

Table 5: Correlation coefficients (r) between thawed semen 

characteristics and HOS- Test. 

Traits 
Semen thawed at 

37oC 20oC 

Sperm motility% 0.643** 0.415* 

Grad of motility 0.461* 0.320NS 

Live sperm % 0.804** 0.613* 

Acrosomal status 0.641** 0.303NS 

Sperm abnormality -0.068NS -0.616* 
 NS:. Not significant                    * P< 0.05     **P< 0.01    
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          Similar trend of significant correlation coefficients were reported 
between HOS-test and each of bull sperm motility (r=0.83, Correa and Zavos, 
1995) and livability (r=0.62) and abnormaility (r=-0.07) of ram spermatozoa 
(Moussa, 1999). 
  The present results may conclude that sperm viability and sperm 
membrane fluidity and permeability were improved in semen thawed at 37oC 
than those thawed at 20oC. Also, HOS-test provides a precis technique for 
measuring alterations in sperm motility and membrane integrity after freezing 
and thawing of semen, which could be used as an important indicator of male 
fertility.  
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ائةة  دراسةةع ى ةةو ة و ةةع وسةةاءع اخلوةةلل اخا ةةوا خ ة وااةةلم اخءاو ةةع اخء ءةةد  خ 

 اخفر ز لن تةم در لم ةرار  اسلخع ءات فع
 ءةرزىال اخد ن فؤاد 

 وزار  اخزراىع -ءركز اخبةوث اخزراى ع  -ءعهد بةوث الااتلج اخة وااو 
 

د يهدف هذا البحث لدراسة تأثير درجات  حارارم تلتة اة  ااد اساتلة الساتنو التاام  التجتا
 ةااج جاامدم السااتنو التااام  التسااتو ل سااتلدا  لااج التةكااير ال ااات  مذلا بدراسااة ل ااتن  السااتنو 

 بيعيااب بعااد اهسااتلب تبت اارم ثاا  تح ااين السااتنو التااام  التسااتو  ةااج ا اا  درجااة حاارارمالتااام  ال 
 تو أزتمو( م ةج امقت  300م  200،  150،  100،  50اهستلب لج تحتليو تلتة ة اهستمزية )

 درجااة –تح ااين تلتة ااة لدراسااة تأثيرالتبااتر ا سااتمزيب   ةااج الحيميااة )الاساابة التنميااة لةحر ااة 
و التااام  ساابة التنميااة هلتاما  ذيااو الحيماااات  التامياةى اسااتلد  لااج هاذ  الدراسااة السااتنالحيمياب( مالا

جتاد التجتد للت    نق لريزيتن ت  تمزيعهت  ةج تجتم تين ت  استلة ق ايبت  الساتنو التاام  الت
تجتم ة ثتاية )ال 60  لتدم 20ْثتاية )التجتم ة اهملج( م ةج  30  لتدم 37ْل و  ةمقة  ةج درجة 

لتباتر لتامياة هالثتاية( مقد ت  اجرا  تكيي  الستنو التام  بعد اهستلة تبت ارم أم اساتجتبة الحيمااات  ا
 اهستمزيب ى

 

 وقد اظهرم اخاتلئج ءل   و:
عاميت ثتاية احسن ت 30  لتدم 37ْ تا  جمدم الستنو التام  التجتد مالتستو  ةج درجة حرارم   (1)

 او تان  ثتاية( تن حيث درجاة الحيمياة م الاسابة التنمياة ل 60  لتدم  °20تن التجتم ة الثتاية )
امياة ماات  التالحيماات  التامية التتحر ة مالحية مالغير  تذم بياتت ل  تلتةف الاسبة التنمية لةحي

 ذا  اه رمسم  ال بيعج بعد اهستلة تبت رمى
اميااة ة لةحيماااات  التلاا  تلتةااف درجتااج حاارارم اهسااتلة تعامياات لااج تتثيرهاات  ةااج الاساابة التنمياا  (2)

  37ْ التتحر ة ام درجة الحيمية مل ن  تا  قيتتهات ا بار دانتات لاج الساتنو التاام  التساتو  ةاج
ر جتبة اه با  بياتت  تا  ال رمق تعامية  مالاسبة التنمية  لتما  الذيو مالتج ا د  اهسات20ْ ن 

  ى20ْ   ن 37ْتعاميت هلتبتر اهستمزية لةحيماات  التامية التستلة  ةج 
 مياة تاك  او تن هاتا تعتت   اهرتبت  تمجبة بين الاسبة التنمية هلتما  الاذيو لةحيمااات  التا  (3)

هاذ   تن الاسابة التنمياة لةحيمااات  التامياة التتحر اة مالحياة مذا  اه رمسام  ال بيعاج م تاا 
  ا  تاا  تعاتت     بياتات ْ 20   ان 37ْالتعتت   اقم  تعاميت لج الستنو التام  التستو  ةاج 

يات  تلبة تعامسارتبت  تن الاسبة التنمية هلتما  الاذيو تاك الاسابة التنمياةلةحيماات  التامياب ال اتذم 
  ى37ْ   ن 20ْلج الستنو التام  التستو  ةج 

ة ثتايا 30  لتادم 37ْمقد ا د  الدراسة  ةاج ان اساتلة الساتنو التاام   ةاج درجاة حارارم 
 ثتايةى 60لتدم   º 20ج ج تن تةا التستلة  ةتع ج ستنو تام  ذم جمدم ا ة

 
 


