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Abstract
Objective: The aim of the present study was to investigate the effects of four equi-
libration times (2, 4, 8 and 16 hours) and two extenders (tris or Bioxcell®) on cryo-
preservation of buffalo semen.  

Materials and Methods: In this experimental study, split pooled ejaculates (n=4), pos-
sessing more than 70% visual sperm motility were divided in two aliquots and diluted in Bi-
oxcell® and tris-citric egg yolk (TCE) extenders. Semen was cooled to 4˚C within 2 hours, 
equilibrated at 4˚C for 2, 4, 8 and 16  hours, then transferred into 0.5 ml French straws, 
and frozen in a programmable cell freezer before being plunged into liquid nitrogen. Post-
thaw motility characteristics, plasma membrane integrity, acrosome morphology and DNA 
integrity of the buffalo sperm were studied after thawing.     

Results: There were significant interactions between equilibration times and extenders 
for sperm motility and membrane integrity. Post thaw sperm motility (PMOT), progressive 
motile spermatozoa (PROG), plasma membrane integrity (PMI) and normal apical ridge 
(NAR) measures were lower for sperm equilibrated for 2 hours in both TCE and Bioxcell® 
extender compared to others equilibration times. PMOT, PMI and NAR for sperm equili-
brated for 4, 8 and 16 hours showed no significant differences in either extender, although 
PROG measures were superior in Bioxcell® compared to TCE at all equilibration times 
(p<0.05). Kinematic parameters such as average path velocity, curvilinear velocity and 
linearity in the Bioxcell® extender were superior to those in the TCE extender studied. In 
contrast to motility and viability, the DNA integrity of post thaw spermatozoa remained 
unaffected by different equilibration times. 

Conclusion: Equilibration time is necessary for preservation of the motility and integrity of 
buffalo sperm membranes. Equilibration times of over than 2 hours resulted in the greatest 
preservation of total semen parameters during cryopreservation. There were no significant 
interactions between equilibration times over 4 hours and type of extender which lead to 
greater post thaw sperm survival.   
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Introduction
The artificial insemination (AI) industry has been 

always interested in improving the quality of the 
frozen semen marketed (1). Protocols for freezing 
bull semen usually include slow cooling to 4-5˚C, 
followed by a variable interval of equilibration 
(from 30 minutes to 24 hours) at this low tempera-
ture before freezing (2). The traditional definition 
of equilibration is the total time during which, 
spermatozoa remain in contact with glycerol be-
fore freezing. At this stage, glycerol penetrates into 
the sperm cell to establish a balanced intracellular 
and extracellular concentration. It should not be 
overlooked that the equilibration process applies 
not only to glycerol, but also to the other osmoti-
cally active extender components. Therefore, the 
equilibration process can interacts with the type 
of extender (buffer and cryoprotectant) used and 
could easily interact with other cryogenic proce-
dures (1, 3).

Freezing and thawing followed by equilibration 
causes maximum damage to the motility appara-
tus, plasma membrane, and the acrosomal cap of 
buffalo spermatozoa (4). Further studies are in pro-
gress to minimize these damages by altering the 
equilibration time and the rate of freezing for buf-
falo spermatozoa (5-7). Glycerol and several low 
density lipoproteins from egg yolk are routinely 
used for the cryopreservation of buffalo semen (8, 
9). Most cryopreservation protocols for buffalo 
sperm  use an equilibration period of 4 hours, thus, 
the semen has to be frozen on the same day of col-
lection (7, 9, 10).

It is noteworthy that the results of several fertil-
ity trials designed to determine the optimal equi-
libration period for bull semen established the 
beneficial effect of a period of several hours (4-17) 
at 5˚C before freezing to obtain maximal fertility 
(11). However, several other studies have indi-
cated that an equilibration period of 18 hours or 
overnight before freezing resulted in increased and 
semen quality and fertility in bulls (7, 11).

Such prolonged periods of equilibration are very 
convenient for the working schedule in AI centers. 
A high number of bull ejaculations are collected each 
day, and it is more practical to freeze all the semen 
collected on the morning of the next day. Most of the 
studies that have included prolonged equilibration 
periods were done using egg yolk or milk-based ex-

tenders for bull and buffalo semen (8, 9, 12, 13).
There is disagreement regarding the necessity 

and duration of equilibration on semen effect on 
cryopreservation and its sperm viability.  In addi-
tion, there is a desire to shorten or eliminate this 
step, hastening cryopreservation without compro-
mising post-thaw sperm quality (13-15).

Glycerol and egg yolk are the most commonly used 
cryoprotectants, but in recent years there has been a 
trend against the use of egg yolk in cryoprotective 
media, due to sanitary risks. As a consequence, a 
well-defined and pathogen-free, non-animal origin 
substitute for yolk was needed and soybean lecithin-
based extenders were developed. To date, however, 
little is known about their interactions with equilibra-
tion time for buffalo semen (16-18).

A few investigators have used subjective as-
sessments of semen in an attempt to establish the 
optimal duration of equilibration for soybean lec-
ithin-based extenders. However, these produced 
conflicting reports regarding survival and fertility 
of frozen-thawed buffalo semen, particularly when 
working with these extenders, semen packaging, 
and rates of cooling and freezing (5, 19, 20). Ear-
lier reports have shown that the prolonged cool-
ing during equilibration (4 hours at 4˚C) seems 
to change the permeability of buffalo sperm by 
decreasing the plasma membrane integrity after 
equilibration, freezing and thawing. In addition, 
premature capacitation-like changes might occur, 
similar to bull spermatozoa (19, 20).

To our knowledge, there are no reports on opti-
mal the freezing protocols for using soybean leci-
thin extenders in combination with a prolonged 
equilibration period for buffalo semen. The objec-
tives of the present research were to investigate 
further the effects of short and long equilibration 
times and the type of extenders, and interactions, 
between time and extender on the cryopreserva-
tion of buffalo semen, based on motility, integrity 
of plasma and acrosomal membranes, using objec-
tive and precise methods, i.e. Computer-Assisted 
Semen Analysis (CASA) and flow cytometry in 
buffalo spermatozoa.

Materials and Methods
Preparation of extenders   

The experiment was conducted at the Buffalo 
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Breeding and Extension Training Center, Urmia, 
West Azerbaijan, Iran (Latitude: 38́ 23″ N, Longi-
tude: 47́ 40″ E, Altitude: 1568.5 M) during October 
and December 2010. Tris-citric egg yolk extender 
was prepared by using 3.0 g tris-(hydroxymethyl 
-aminomethane) and 1.56 g citric acid, fructose 
0.2% w/v, glycerol 7.0 ml (Merck, Germany), and 
egg yolk 20% in 74 ml distilled water. All chemicals 
used in this study were obtained from Sigma-Aldrich 
(St. Louis, MO, USA) unless otherwise indicated. 
Antibiotics namely benzyl penicillin (1000 IU/ml, 
Pharmacia & Upjohn, Belgium) streptomycin sul-
phate (1000 µg/ml, Pharmacia & Upjohn, Belgium) 
were added to tris-citric egg yolk extender.  Bioxcell® 
as soybean lecithin extenders was prepared according 
to manufacturer’s instructions (IMV, France).

Semen collection and freezing   
Semen was collected (two consecutive ejacu-

lates/bull/week) using artificial vagina (IMV, 
France), (at 42˚C) from four adult buffalo bulls 
(Bubalus bubalis) of known fertility and similar 
age (4-5 years) for a period than six weeks (rep-
licate). Ejaculated semen from each bull was im-
mediately transferred to the laboratory. Sperm 
progressive motility was determined microscopi-
cally (×400, Olympus BX20, Tokyo, Japan) and 
sperm concentration was determined using a digi-
tal photometer (IMV, France). At least, one ejacu-
late from each bull at each replicate always passed 
the criteria (motility >70%). To eliminate indi-
vidual differences, semen samples from the four 
bulls were pooled. Each pooled sample was split 
into two aliquots and diluted with extender Biox-
cell® or Tris-citric egg yolk (TRIS) at 37˚C, added 
in single step for a final concentration of 40×106 
sperm/mL. The semen extension was performed 
immediately after the sperm motility and con-
centration evaluations. After dilution, semen was 
maintained in a water bath for 10 minutes at 35˚C 
for stabilization; thereafter, it was cooled from 37 
to 25˚C in approximately 1 hour at room temperature 
(22-25˚C). Straws designated for the same duration 
of equilibration time were transferred to the same 
freezing procedure. Freezing rates (-20˚C/min, 
from 5 to -120˚C, duration: 10 minutes), vary-
ing only for the equilibration time at 5˚C: 2 hours 
(T1), 4 hours (T2), 8 hours (T3) and 16 hours (T4), 
for a total of four treatments.  French straws (IMV, 
France) with suction pump at 4˚C in a cold cabinet 
unit (IMV, France) and placed in liquid nitrogen 

vapors, 5 cm above the level of liquid nitrogen. 
Straws were then plunged and stored under liq-
uid nitrogen (-196˚C). After 72 hours, four frozen 
straws from each group were thawed individually 
at 37˚C for 30 seconds in a water bath for evalu-
ation.   

Semen evaluation    
Semen analysis was conducted in the Depart-

ment of Embryology and Reproductive Medicine 
Research Center of the Royan Institute.

Motility    
An aliquot of semen (5 µL) was placed on a pre-

warmed (37˚C) Makler chamber (depth 10 µm) 
and analyzed for sperm motion characteristics us-
ing a computer-assisted sperm analyzer (Sperm 
Class Analyzer, Microptic, Barcelona, Spain). The 
CASA-derived motility characteristics were ana-
lyzed immediately after thawing and four hours of 
incubation at 37˚C. Four microscopic fields were 
analyzed in each sample using a phase-contrast 
microscope (Nikon, Tokyo, Japan) supplied with 
a prewarmed stage at 37˚C and at ×100 magnifica-
tion. A total of four microscopic fields with 400 
spermatozoa were analyzed. Objects incorrectly 
identified as spermatozoa were minimized on the 
monitor by using the playback function. Total mo-
tility was defined as the percentage of spermato-
zoa with mean velocity (VAP) above 10 µm/s. The 
CASA derived motility characteristics studied were 
percentages of motility and progressive motility, 
straight-line velocity (VSL, µm/s, the straight-line 
distance from beginning to end of track divided by 
time taken), average path velocity (VAP, µm/s, the 
spatial averaged path that eliminated the wobble of 
the sperm head), curvilinear velocity (VCL, µm/s, 
total distance traveled by a sperm during the ac-
quisition divided by the time taken), lateral head 
displacement (LHD, µm, deviation of the sperm 
head from the average path), linearity (LIN, %, 
VSL/VCL ×100), straightness(STR, %, VSL/VAP 
×100), lateral amplitude (ALH, µm/s, maximum 
amplitude of lateral head displacement ) and beat 
central frequency (BCF, Hz, beat frequency of 
centroids crossing the average trajectory) (21). 

 Sperm plasma membrane integrity was deter-
mined using a hypo-osmotic swelling (HOS) as-
say. HOS solution consisted of 0.73 g sodium 
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citrate and 1.35 g fructose dissolved in 100 ml 
distilled water (osmotic pressure: -190 mOsmol/
Kg). To assess the sperm tail plasma membrane 
integrity, semen (50 µl) was mixed with HOS so-
lution (500 µl) and incubated for 30 minutes at 
37˚C before examination with a phase contrast mi-
croscope (×400, Olympus BX20, Tokyo, Japan). 
Two hundred spermatozoa were assessed for their 
swelling ability in HOS. The swollen spermatozoa 
characterized by coiling of the tail were consid-
ered to have an intact plasma membrane (22).

Normal acrosomes    
To assess sperm acrosomal integrity, 100 µl of 

semen sample was fixed in 500 µl of 1% formal 
citrate (2.9 g tri-sodium citrate dihydrate, 1 ml of 
37% solution of formaldehyde, dissolved in 100 
ml of distilled water); one hundred spermatozoa 
were examined with a phase contrast microscope 
(×1000, Olympus BX20, Tokyo, Japan) under oil 
immersion. A normal acrosome was characterized 
by normal apical ridge (8).

Assessment of DNA integrity    
Chromatin stability was assessed by using the 

sperm chromatin structure assay (SCSA) tech-
nique. This technique is based on the susceptibil-
ity of the sperm DNA to acid induced denaturation 
in situ and metachromatic staining by acridine or-
ange (AO). AO shifts from green (dsDNA) to red 
(ssDNA) fluorescence depending on the degree of 
DNA denaturation. After thawing at 37˚C for 30 
seconds, samples were diluted with Tris-Null-ED-
TA (TNE) buffer (0.01 m Tris-HCl, 0.15 m NaCl, 1 
mm EDTA, pH=7.4) in cryotubes, at a final sperm 
concentration of 20×106 cells/ml. A 100 µl aliquot 
of this suspension was mixed with 200 µl of a de-
tergent/acid solution (0.1% v/v Triton X-100 in 
0.08 MHCl, 0.15 MNaCl). After 30 seconds, 0.6 
ml of an acridine  orange solution (6 µg/ml of acri-
dine orange in 0.15 M NaCl, 1mM EDTA, 0.2 M 
Na2HPO4, 0.1 M citric acid, pH=6.0) was added to 
the sample and the cells were subjected immedi-
ately to flow cytometry after 30 minutes incuba-
tion at room temperature (23, 24).

Flow cytometer analysis     
Flowcytometric analysis was performed using 

FACS Calibur (BD  Immunocytometry  Systems, San 
Jose,  Jose,  CA,  USA) with  an  air-cooled  argon  

laser operated  at  488 nm  excitation and 15 mW. For 
the acridine orange assay, the green fluorescence (in-
tact DNA) detected by the FL-1 detector (515/45-nm 
band-pass filter) was compared with red fluorescence 
(single-stranded DNA) detected by the FL-3 detector 
(640 nm long-pass filter) after gating out non-sperm 
and aggregated events. Ten thousand sperm cells were 
acquired and analyzed in each sample at the rate of 
1000 events per second and analyzed further with cy-
tologic software (Cyflogic version 1.2.1).

Statistical analysis    
A completely randomized block design in a 2×4 

factorial arrangement (2 extenders ×4 equilibra-
tion times), with 12 replications per experimental 
unit was used. For assessment of DNA fragmenta-
tion, each treatment consisted of at least six repli-
cates. Results are presented as mean ± standard de-
viation. Effects of extender and equilibration time 
were evaluated by ANOVA, with means compared 
by Duncan’s test at a 5% level. All the statistical 
analyses were performed using the SAS software 
(version 9.0, SAS Institute Inc., USA), and differ-
ences were considered significant at p<0.05 level. 

Results
Motility   

The type of extender did not have a significant 
effect on overall post thaw sperm motility as de-
termined subjectively (Table 1). The post thaw 
sperm motility and the percentage of progressive 
motile spermatozoa after 2 hours equilibration 
in both TCE and Bioxcell® extenders were both 
lower than for the other equilibration times. How-
ever, these indices were superior for the soybean 
lecithin-based extenders compared to the TCE ex-
tenders at the two- hour equilibration time. On the 
other hand, post thaw sperm motility for equilibra-
tion times of 4, 8 and 16 hours did not show signif-
icant differences in either extender. However, the 
percentage of progressive motile spermatozoa was 
higher in the soybean lecithin-based extender than 
in the TCE extender at all times (p<0.05). Kin-
ematic parameters such as VSL, VCL, VAP and 
LIN were superior in the soybean lecithin-based 
extender compared to the TCE extenders studied. 
However, other, others kinematic parameters such 
as ALH and BCF were superior in TCE extender 
compared to the soybean lecithin-based extender 
(Table 2). 
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Table 1: Effect of different extenders and equilibration time on motility and kinematics sperm parameters for the buffalo 
semen samples thawed at 37˚C

Equilibration timeExtenderVariable

T16T8T4T2

54.1 ± 10.3 ᵇ56.2 ± 8.61 ᵇ60.1 ± 6.98 ᵇ15.3 ± 5.81 ᵃ, ᶠTRISTotal motility

53.1 ± 7.13 ᵇ51.9 ±5.22 ᵇ56.7 ± 7.23 ᵇ30.4 ± 9.38 ᶜ, ᵉ BIO

28.3 ± 5.49 ᵇ31.4 ± 3.79 ᵇ32.4 ± 6.77 ᵇ4.98 ± 3.39 ᵃ, ᶠTRISPM (%)

35.5 ± 9.01 ᵃ36.2 ± 5.31 ᵃ40.1 ± 8.67 ᵃ16.9 ± 6.95 ᶜ, ᵉBIO

Data are means ± SD. PM; progressive motile spermatozoa, a, b, c ; Values in the same row with different superscript different   
significantly (p<0.05) and e, f ; Within a column and end point, means without a common superscript differed (p<0.05).

Table 2: Effect of different extenders and equilibration time on kinematics sperm parameters for the buffalo semen samples 
thawed at 37˚C 

Equilibration timeExtenderVariable

T16T8T4T2

20.7 ± 3.48 ᵃ29.3 ± 7.59 ᵃ24.5 ± 7.26 ᵃ14.7 ± 5.11 ᵃ, ᶠTRISVSL (μm/s)

59.8 ±19.5ᵇ60.2 ± 14.1 ᵇ66.1 ± 12.2 ᵇ60.5 ± 12.3 ᵇ, ᵉ BIO

46.1 ± 6.35 ᵃ48.7 ± 3.11 ᵃ45.8 ± 5.67 ᵃ38.5 ± 9.83 ᵃ, ᶠTRISVSL (μm/s)

77.8 ± 24.1 ᵇ78.5 ± 18.1 ᵇ85.7 ± 16.6 ᵇ81.7 ± 14.1 ᵇ, ᵉBIO

27.3 ± 4.37 ᵃ41.7 ± 16.8 ᵃ36.0 ± 17.1 ᵃ20.7 ± 6.16 ᵃ, ᶠTRISVAP (μm/s)

69.6 ± 23.1 ᵇ70.3 ± 17.7 ᵇ77.5 ± 16.1 ᵇ72.7 ± 14.3 ᵇ, ᵉBIO

44.5 ± 3.08 ᵃ52.2 ± 4.81 ᵃ47.9 ± 5.4 5 ᵃ36.6 ± 7.71 ᵃ, ᶠTRISLIN (%)

76.4 ± 3.75 ᵇ76.7 ± 1.97 ᵇ78.5 ± 4.86 ᵇ73.7 ± 4.94 ᵇ, ᵉBIO

75.2 ± 2.69 ᵃ76.7 ± 4.73 ᵃ73.5 ± 6.14 ᵃ67.9 ± 9.81 ᵃTRISSTR (%)

86.1 ± 2.43 ᵇ85.9 ± 2.11 ᵇ85.7 ± 3.74 ᵇ83.4 ± 4.11 ᵇBIO

2.65 ± 0.38 ᵃ2.43 ± 0.21 ᵃ2.22 ± 0.29 ᵃ2.30 ± 0.87 ᵃTRISALH (μm/s)

2.12 ± 0.36 ᵃ2.14 ±0.17ᵃ2.15 ± 0.32 ᵃ2.38 ± 0.23 ᵃBIO

9.60 ± 0.31 ᵃ9.71 ± 0.38 ᵃ9.65 ± 1.02 ᵃ8.15 ± 3.89 ᵃ, ᶠTRISBCF (Hz)

7.67 ± 0.81 ᵇ7.38 ± 0.66 ᵇ7.66 ± 0.63 ᵇ7.86 ± 0.62 ᵇ, ᵉBIO

Data are means ± SD. VSL; Straight line velocity, VCL; Curvilinear velocity;  VAP; Average path velocity, LIN; Linearity, STR; 
straightness, ALH; Amplitude of the lateral movement of the head, BCF; Beat frequency,  a, b, c; Values in the same row with 
different superscripts differ significantly (p<0.05) and e, f ; Within a column and end point, means without a common superscript 
differed (p<0.05).
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Comparison of post-thaw sperm viability, plasma 
membrane integrity and acrosomal ridge    

The data on plasma membrane integrity and 
acrosomal ridge of buffalo bull spermatozoa are 
given in table 3. After thawing, the proportions 
of sperm that retained plasma membrane integrity 
and a normal apical ridge were lower for the two- 
hour equilibration group in both TCE and Biox-
cell extenders than for the rest of the equilibration 
times. However, the percentages of sperm that re-
tained plasma membrane integrity (33.5 ± 6.55 vs. 

46.7 ± 3.31) and normal acrosomal ridges (35.2 ± 
4.78 vs. 58.7 ± 8.46) were superior in the soybean 
lecithin-based extenders than in the TCE extender 
for this equilibration time, respectively (p<0.05). 
On the other hand, the data on post thaw plasma 
membrane integrity and acrosomal ridge of buf-
falo bull spermatozoa for equilibration times of 4, 
8 and 16 hours did not show significant differences 
in either the TCE and Bioxcell extenders (p>0.05, 
Table 3). The type of extender as well as the in-
teraction between extender and equilibration time 
had no significant effects.

Table 3: Effect of different extenders and equilibration time on viability, plasma membrane integrity (PMI), normal apical 
ridge (NAR) and DNA damage for the Buffalo bull semen samples thawed at 37˚C 

Equilibration timeExtenderVariable
T16T8T4T2
57.8 ± 4.96 ᵃ63.5 ± 6.55 ᵃ62.7 ± 6.85 ᵃ33.5 ± 6.55 ᵇ, ᵉTRISPMI (%)

59.2 ± 1.75 ᵃ62.2 ± 6.18 ᵃ68.7 ± 5.47 ᵃ46.7 ± 3.31 ᶜ, ᶠBIO

62.5 ± 3.31 ᵃ69.5 ± 5.91 ᵃ68.0 ± 4.96 ᵃ35.2 ± 4.78 ᵇ, ᵉTRISNAR (%)

64.5 ± 4.79 ᵃ62.7 ± 8.54 ᵃ67.0 ± 5.47 ᵃ58.7 ± 8.46 ᶜ, ᶠBIO

5.71 ± 0.93 ᵃ5.91 ± 0.82 ᵃ4.51 ± 0.72 ᵃ6.88 ± 0.51 ᵃTRISDNA 

5.61 ± 0.98 ᵃ5.97 ± 0.90 ᵃ4.72 ± 0.31 ᵃ6.74 ± 0.31 ᵃBIODamage

Data are means ± SD. a, b, c; Values in the same row with different superscripts differ significantly (p<0.05) and e, f; within
 a column and end point, means without a common superscript differed (p<0.05).

Comparison of post-thaw sperm DNA integrity    

Chromatin damage of each sperm was quantified 
by red fluorescence. Each semen sample contained 
a percentage of mature cells with non-detectable 
(main population of spermatozoa in semen) and a 
percentage with detectable (mature spermatozoa with 
increased chromatin damage) damage (Fig 1). The 
equilibration time had not significant effect of the 
percentage on spermatozoa with damaged DNA as 
determined subjectively (Table 3, p>0.05). The over-
all mean DNA damage in the two- hour equilibration 
group was (6.88 ± 0.51 and 6.74 ± 0.31) for the Bi-
oxcell and TEC extenders, respectively (p>0.05). In 
contrast with motility and viability, the DNA integrity 
of post thaw spermatozoa remained unaffected across 
the different equilibration times. It was (4.51 ± 0.72, 
5.91 ± 0.82, 5.71 ± 0.93%) and (4.72 ± 0.31, 5.97 ± 
0.90, 5.61 ± 0.98%) for the equilibration times 4, 8 
and 16 hours for the Bioxcell and TEC extenders, re-

spectively (p>0.05, Table 3).

Fig 1: Example of SCSA cytogram of individul buffalo 
post thaw sperm cells. Each cell’s position is based on the 
amount of nativ DNA satiability (green fluorescence; FL 1) 
vs. fragmented DNA (red fluorescence; FL 3).
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Discussion
The present study showed that there were 

significant interactions between equilibration 
times and extenders for sperm motility and 
membrane integrity. However, the equilibration 
time did not have a significant effect on the per-
centage of spermatozoa with damaged DNA de-
termined subjectively.  In a similar study of the 
cryopreservation of bull semen, Leite et al (2) 
reported that the use of zero equilibration time, 
in comparison to 2 and 4 hours, gave the lowest 
values for total and progressive sperm motility, 
and percentage of sperm with intact plasma and 
acrosomal membranes, with no significant dif-
ferences between tris and Bioxcell® extenders. 

Most cryopreservation protocols for buffalo 
sperm suggest an equilibration period of 4 hours, 
thus, the semen has to be frozen on the same day 
of collection (7, 10, 20, 23, 25-27).  Tuli et al. 
(27) reported that buffalo sperm survivability in 
Tris egg-yolk glycerol extender was found to be 
better at all the stages of deep-freezing using 4 
hours compared to 0 and 2 hours equilibration 
time. However, Dhami et al. (13) reported that 
2 hours of equilibration at 5˚C compared with 0 
hour improved the post-thaw recovery, incuba-
tion survival and fertility rates of buffalo frozen 
semen. In other studies, Sukhato et al. (28) used 
an equilibration period time of less than 1h, and 
Adeel et al. (29) use of an equilibration period 
of 6 hours, for cryopreservation buffalo semen. 
It is pertinent to mention that, mammalian sper-
matozoa can be stored at 5˚C for at least 24 
hours without significant reduction in motility 
and fertility (9, 30). Contrary to these results, in 
the cryopreservation of bull semen some  work-
ers have found higher conception  rates  for  
bull  semen frozen  following 12 to 18 hours of 
equilibration  compared  with 4 to 6 hours (12, 
31, 32). Some workers have suggested  shorten-
ing equilibration time to less than 2 hours for 
freeze bull and buffalo semen without affecting  
on freezability or fertility (14, 28).  Muino et al. 
(1) compared several soybean lecithin extend-
ers for cryopreservation of bull semen using an 
equilibration time of over 18 hours and reported 
that, when holding the semen overnight before 
freezing, after the use of Biladyl (as commer-
cial egg yolk extender) results in higher sperm 
survival and longevity than the use of soybean 

lecithin extenders such as Andromed or Bi-
ociphos. Earlier reports have shown that,  the  
recommendation  made  for  the cryopreserva-
tion of semen  of more  than 7 hours  equilibra-
tion  to be too  high (10, 33).  Herold et al. (34) 
2006 reported that post-thaw quality of  buffalo 
epididymal sperm was not affected by varying 
the equilibration time (range, 2-9 hours) after 
use of soybean lecithin extenders.  Foot and Ka-
proth (12) compared the fertility obtained when 
using whole milk-glycerol semen extender with 
and without fructose after 4 versus 18 hours of 
equilibration at 5˚C. As there was no difference 
in fertility, it would appear that programs to 
freeze sperm in whole milk extenders the same 
day of collection or the day after semen collec-
tion should yield equivalent results.

Anzar et al. (34) showed that post thaw sperm 
quality in bull semen was greater after use of 
overnight equilibration as compared to 4 hours, 
and reported that overnight shipping of se-
men was found advantageous for bull semen 
cryopreservation. Semen packaging in 0.25 ml 
straws yielded better post-thaw quality than 0.5 
ml straws.

Although equilibration time significantly af-
fected total and progressive motility in the pre-
sent   study, there was no significant effect on 
other characteristics of sperm movement (i.e. 
VAP, SL, VCL, ALH, BCF, and LIN). It was 
noteworthy that extender had a significant effect 
on VSL, ALH, BCF, LIN and STR; except for 
ALH, all these variables were greater in semen 
frozen with Bioxcell®. These results are in close 
agreement with Leite et al. (2) who observed 0 
hour equilibration had the lowest values for to-
tal and progressive motilities and percentage of 
sperm with intact plasma and acrosomal mem-
branes, with no significant differences in kine-
matic parameters between extenders.  However, 
these findings could have been due to differ-
ences in extender density, viscosity or even the 
presence of large particles, as previously sug-
gested for bull semen (21, 34).  Rasul et al. (5) 
reported that during prolonged equilibration, 
sensitive sperm undergo membrane and axone-
mal changes that lose their ability to move in a 
straight line, which results in a decrease in some 
kinematic parameters such as linearity, and 
straightness; and undergo death during freez-
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ing and thawing processes. In this study, semen 
cryopreserved with tris had greater BCF values, 
suggesting that this extender was more effective 
at preserving flagellar structures, or that com-
pounds present in this extender stimulated ATP 
production and consequently beat frequency, as 
previously suggested by Celeghini et al. (35).

The present study showed that for preserva-
tion of plasma and acrosome integrity, there 
was a significant difference between extenders 
only at two- hour equilibration (Bioxcell® was 
better), probably due to the great variation in 
density in semen diluted in tris extenders. There 
was a beneficial effect of equilibration time for 
post-thaw integrity of cell membranes, and its 
lack was detrimental, because 2 hours  had the 
least percentage of cells with both membranes 
intact and the greatest damaged plasma mem-
brane. There were no significant differences be-
tween 4, 8 and 16 hours for motility and plasma 
membrane integrity. The lower percentage of 
damaged plasma membrane cells for 8 and 16 
hours indicated that a longer equilibration time 
was more effective at preserving the plasma 
membrane, independent of extender.

One of the objectives of this study was to use 
the Sperm Chromatin Structure Assay to de-
termine the level and variability of damage to 
sperm DNA integrity in different extenders and 
incubation for 2,4, 8 and 16  hours. Neither of 
the extenders nor  the equilibration time eval-
uated in the present study was found to have 
any effect on sperm chromatin structure as no 
significant differences were found between the 
Bioxcell® and and TEC extenders in terms of 
percentage of denatured chromatin (p>0.05).

Few studies have reported on the use of the 
SCSA in buffalo percentages of post thaw sper-
matozoa with DNA damage in our study were 
relatively low (<10), Similar results were found 
by Kadirvel et al. (23) who reported an over-
all mean DNA damage of 10.4% (range 4.8-
17.6) for buffalo frozen-thawed sperm. Min-
ervini et al. (36) reported that SCSA differed 
significantly between the buffalo bulls, howev-
er, their data showed high stability within each 
buffalo and DNA fragmentation indexes (DFI) 
were 11.2 ± 8.6. Koonjaenak et al. (37) report-
ed that frozen–thawed swamp buffalo sperm 
chromatin integrity is not seriously damaged 

by cryopreservation or affected by the seasonal 
variations and the overall mean DNA fragmen-
tation index (DFI) (±SD) was 1.84 ± 1.68%,  af-
ter thawing. In other study prolonged resistance 
to sperm DNA fragmentation predicted better 
retention of fertility, but no study on  the cor-
relation between DFI parameters and fertility is  
reported in buffalo (23, 35).

Conclusion

Equilibration during cryopreservation was essential 
for maintaining motility and integrity of sperm mem-
branes. Equilibration times over than 2 hours resulted 
in the greatest preservation of total and progressive 
motility, as well as the integrity of plasma and acro-
somal membranes during cryopreservation. As, dif-
ferences regarding post thaw motility and chromatin 
structure for equilibration times of 4, 8 and 16 hours 
were non-significant. The use of 4 hours equilibration 
time can safe be by recommended along with soybean 
lecithin extender for cryopreservation of buffalo sper-
matozoa.  

Acknowledgments

The authors would like to thank the director 
and station staff of buffalo breeding and ex-
tension training center for providing facilities 
and kind assistance throughout the experiment. 
Also, the authors thank Royan Institute for the 
financial support and kind provision of materi-
als to perform this experiment. There is no con-
flict of interest in this study. 

References
1.	 Muiño R, Fernandez M, Peña A. Post-thaw survival and 

longevity of bull spermatozoa frozen with an egg 
yolk-based or two egg yolk-free extenders after an 
equilibration period of 18 h. Reprod Domest Anim. 
2007; 42(3): 305-311.

2.	 Leite TG, do Vale Filho VR, de Arruda RP, de An-
drade AF, Emerick LL, Zaffalon FG, et al. Effects of 
extender and equilibration time on post-thaw mo-
tility and membrane integrity of cryopreserved Gyr 
bull semen evaluated by CASA and flow cytometry. 
Anim Reprod Sci. 2010; 120(1-4): 31-38.

3.	 Vishwanath R, Shannon P. Storage of bovine se-
men in liquid and frozen state. Anim Reprod Sci. 
2000; 62(1-3): 23-53.

4.	 Rastegarnia A, Shahverdi A, Rezaei Topraggaleh T, 
Ebrahimi B, Shafipour V. Effect of different thawing 
rates on post-thaw viability, kinematic parameters 
and chromatin structure of buffalo (bubalus bubalis) 
spermatozoa. Cell  J. 2013; 14(4): 306-313.

5.	 Rasul Z, Ahmad N, Anzar M. Changes in motion 



          CELL JOURNAL(Yakhteh), Vol 16, No 3, Autumn 2014 287

Shahverdi et al.

characteristics, plasma membrane integrity, and 
acrosome morphology during cryopreservation of 
buffalo spermatozoa. J Androl. 2001; 22(2): 278-
283.

6.	 Andrabi SM. Factors affecting the quality of cryo-
preserved buffalo (bubalus bubalis) bull spermato-
zoa. Reprod Domest Anim. 2009; 44(3): 552-569.

7.	 Anzar M, Rasul Z, Ahmed TA, Ahmad N. Response 
of buffalo spermatozoa to low temperatures during 
cryopreservation. Reprod Fertil Dev. 2010; 22(5): 
871-880.

8.	 Andrabi SM. Factors affecting the quality of cryo-
preserved buffalo (Bubalus bubalis) bull spermato-
zoa. Reprod Domest Anim. 2009; 44(3): 552-569.

9.	 Sansone G, Nastri MJ, Fabbrocini A. Storage of 
buffalo (Bubalus bubalis) semen. Anim  Reprod Sci. 
2000; 62(1-3): 55-76.

10.	 Rao A, Haranath G, Somasekharam G, editors. Ef-
fect of equilibration and thawing rates on survival 
and acrosomal maintenance of buffalo spermatozoa 
in straws.  Proceedings of II World Buffalo Congress 
(volume III); 1988 Dec 12-16; India: Physiology and 
Reproduction; 1990: 97-99.

11.	 Muino R, Rivera MM, Rigau T, Rodriguez-Gil J, 
Pena AI. Effect of different thawing rates on post-
thaw sperm viability, kinematic parameters and mo-
tile sperm subpopulations structure of bull semen. 
Anim Reprod  Sci. 2008; 109(1-4): 50-64.

12.	 Foote RH, Kaprotht MT. Large batch freezing of bull 
semen: effect of time of freezing and fructose on 
fertility. J Dairy Sci. 2002; 85(2): 453-456.

13.	 Dhami AJ, Sahni KL, Mohan G, Jani VR. Effects 
of different variables on the freezability, post-thaw 
longevity and fertility of buffalo spermatozoa in the 
tropics. Theriogenology. 1996; 46(1): 109-120.

14.	 Sahni KL, Mohan G, Dhami AJ. Effect of extenders 
and additives on preservability of cattle and buffalo 
semen at 5˚C and 196˚C. Indian  J  Anim Sci. 1993; 
63(5): 492-498.

15.	 Dhami AJ, Sahni KL, Mohan G. Effect of various 
cooling rates (from 30 degrees C to 5 degrees C) 
and thawing temperatures on the deep-freezing of 
Bos Taurus and Bos Bubalis semen. Theriogenol-
ogy. 1992; 38(3): 565-574.

16.	 Aires VA, Hinsch KD, Mueller-Schloesser F, Bogner 
K, Mueller-Schloesser S, Hinsch E. In vitro and in 
vivo comparison of egg yolk-based and soybean 
lecithin-based extenders for cryopreservation of bo-
vine semen. Theriogenology. 2003; 60(2): 269-279.

17.	 Akhter S, Ansari MS, Rakha BA, Andrabi SM, Iqbal 
S, Ullah N. Cryopreservation of buffalo (Bubalus 
bubalis) semen in Bioxcell extender. Theriogenol-
ogy. 2010; 74(6): 951-955.

18.	 Akhter S, Ansari MS, Rakha BA, Ullah N, Andrabi 
SM, Khalid M. In vitro evaluation of liquid-stored 
buffalo semen at 5˚C diluted in soya lecithin based 
extender (Bioxcell®), tris-citric egg yolk, skim milk 
and egg yolk-citrate extenders. Reprod Domest 
Anim. 2011; 46(1): 45-49.

19.	 Cormier N, Sirard MA, Bailey JL. Premature capaci-
tation of bovine spermatozoa is initiated by cryo-
preservation. J Androl. 1997; 18(4): 461-468.

20.	 Rasul Z, Anzar M, Jalali S, Ahmad N. Effect of buff-
ering systems on post-thaw motion characteristics, 

plasma membrane integrity, and acrosome mor-
phology of buffalo spermatozoa. Anim Reprod  Sci. 
2000; 59(1-2): 31-41.

21.	 Mortimer ST. CASA--practical aspects. J Androl. 
2000; 21(4): 515-524.

22.	 Jeyendran RS, Van der Ven HH, Perez-Pelaez M, 
Crabo BG, Zaneveld LJ. Development of an as-
say to assess the functional integrity of the human 
sperm membrane and its relationship to other se-
men characteristics. J Reprod  Fertil. 1984; 70(1): 
219-228.

23.	 Kadirvel G, Kumar S, Kumaresan A. Lipid peroxi-
dation, mitochondrial membrane potential and DNA 
integrity of spermatozoa in relation to intracellular 
reactive oxygen species in liquid and frozen-thawed 
buffalo semen. Anim Reprod Sci. 2009; 114(1-3): 
125-134.

24.	 Evenson D, Jost L. Sperm chromatin structure as-
say is useful for fertility assessment. Methods Cell 
Sci. 2000; 22(2-3): 169-189.

25.	 Garg A, Kumaresan A, Ansari MR. Effects of hydro-
gen peroxide (H2O2) on fresh and cryopreserved 
buffalo sperm functions during incubation at 37 de-
grees C in vitro. Reprod Domest Anim. 2009; 44(6): 
907-912.

26.	 Swelum A, Mansour HA, Elsayed AA, Amer HA. 
Comparing ethylene glycol with glycerol for cryo-
preservation of buffalo bull semen in egg-yolk con-
taining extenders. Theriogenology. 2011; 76(5): 
833-842.

27.	 Tuli RK, Singh M, Matharoo JS. Effect of different 
equilibration times and extenders on deep freezing 
of buffalo semen. Theriogenology. 1981; 16(1): 99-
104.

28.	 Sukhato P, Thongsodseang S, Utha A, Songsasen 
N. Effects of cooling and warming conditions on 
post-thawed motility and fertility of cryopreserved 
buffalo spermatozoa. Anim Reprod Sci. 2001; 67(1-
2): 69-77.

29.	 Adeel M, Ijaz A, Aleem M, Rehman H, Yousaf MS, 
Jabbar MA. Improvement of liquid and frozen-
thawed semen quality of Nili-Ravi buffalo bulls 
(Bubalus bubalis) through supplementation of fat. 
Theriogenology. 2009; 71(8): 1220-1225.

30.	 Watson PF. Recent developments and concepts in 
the cryopreservation of spermatozoa and the as-
sessment of their post-thawing function. Reprod 
Fertil Dev. 1995; 7(4): 871-891.

31.	 Graham E, Erickson W, Bayley N. Effect of glycerol 
equilibration on frozen bovine spermatozoa. J Dairy 
Sci. 1957; 40: 510-515.

32.	 Ennen BD, Berndtson WE, Mortimer RG, Pickett 
BW. Effect of processing procedures on motility 
of bovine spermatozoa frozen in. 25-ML straws. J 
Anim Sci. 1976; 43(3): 651-656.

33.	 Herold FC, de Haas K, Colenbrander B, Gerber D. 
Comparison of equilibration times when freezing 
epididymal sperm from African buffalo (Syncerus 
caffer) using Triladyl or AndroMed. Theriogenology. 
2006; 66(5): 1123-1130.

34.	 Anzar M, Kroetsch T, Boswall L. Cryopreservation 
of bull semen shipped overnight and its effect on 
post-thaw sperm motility, plasma membrane integ-
rity, mitochondrial membrane potential and normal 



          CELL JOURNAL(Yakhteh), Vol 16, No 3, Autumn 2014 288

Extender and Equilibration Time on Buffalo Spermatozoa

acrosomes. Anim Reprod  Sci. 2011; 126(1-2): 23-31.
35.	 Celeghini EC, de Arruda RP, de Andrade AF, Nascimento 

J, Raphael CF, Rodrigues PH. Effects that bovine sperm 
cryopreservation using two different extenders has on 
sperm membranes and chromatin. Anim Reprod  Sci. 
2008; 104(2-4): 119-131.

36.	 Minervini F, Guastamacchia R, Pizzi F, Dell’Aquila M, 
Barile VL. Assessment of different functional parameters 
of frozen-thawed buffalo spermatozoa by using cytofluori-

metric determinations. Reprod Domest Anim. 2013; 48(2): 
317-324.

37.	 Koonjaenak S, Johannisson A, Pongpeng P, Wirojwuthi-
kul S, Kunavongkrit A, Rodriguez-Martinez H. Season-
al variation in nuclear DNA integrity of frozen-thawed 
spermatozoa from Thai AI swamp buffaloes (Bubalus 
bubalis). J Vet Med A Physiol Pathol Clin Med. 2007; 
54(7): 377-383.


