
Slov Vet Res 2019; 56 (Suppl 22): 541–51                                          Original Research Article 
DOI 10.26873/SVR-792-2019 
 
 

 
Received: January 2019 
Accepted for publication: February 2019 

EFFECT OF DIFFERENT CRYOPROTECTANTS ON THE POST-THAW 
SPERM CHARACTERISTICS AND IN VIVO FERTILITY OF BUFFALO 
(Bubalus bubalis) BULL SEMEN  
 
Essam A. Almadaly1*, Fady S. Tawfik2, Ismail I. El-Kon1, Bassiouni A. Heleil1,  
El-Sayed M. Fattouh1 
 

 

1Department of Theriogenology, Faculty of Veterinary Medicine, Kafrelsheikh University, El-Geish 
Street, 33516 Kafrelsheikh, Egypt, 2Artificial Insemination Center, Veterinary Medicine Direc-
torate, Ministry of Agriculture, Al-Gharbia, Egypt 
 
*Corresponding author, E-mail: dr_essam_2005@yahoo.com; essam.mostafa@vet.kfs.edu.eg  

 
 
Abstract: This study aimed to investigate the effect of different cryoprotectants, glycerol 
(GLY) or ethylene glycol (EG) or dimethyl sulfoxide (DMSO) on sperm characteristics, 
and in vivo fertility of frozen-thawed buffalo-bull semen. A total of 85 ejaculates collected 
by artificial vagina from buffalo-bulls of proven fertility were used in this study. The col-
lected ejaculates were examined for volume, motility, viability, morphology, and sperm 
cell concentration. The qualifying ejaculates (≥ 3 mass motion, > 70% progressive motility 
and viability, < 15% abnormal morphology and > 1 x 109 sperm cells/mL) were pooled 
and diluted with Tris-based diluent containing either 7% GLY or 5% EG or 5% DMSO. 
After 4 h equilibration time, the diluted semen was loaded in 0.5 mL straws, labeled, 
sealed and frozen stored until analysis. Frozen straws were thawed and evaluated for 
progressive motility, viability, hypo-osmotic swelling test (HOST), acrosomal membrane 
integrity, and acrosome reaction (AR) in response to calcium ionophore A23187. Moreo-
ver, in vivo fertility was calculated after artificial insemination (AI) of 75 buffalo-cows (25 
female/cryoprotectant) treated with double doses of prostaglandin F2α (PGF2α) 11 days 
interval. The proportions of progressive motility, viability and intact-acrosome were higher 
(p < 0.05) in extender containing 7% GLY compared to 5% EG and 5% DMSO. The pro-
portion of intact-plasma membrane was comparable (p ≥ 0.05) between GLY and EG but 
higher than that of DMSO. A time-dependent increase in the % AR and % relative AR 
was recorded in the three cryoprotectants with clear significant (p < 0.01) difference 
among them at 30 and 60 min incubation, respectively. Moreover, GLY yielded higher 
pregnancy rate (52%) than EG (32%) and DMSO (16%). In conclusion, GLY is recom-
mended for preservation of buffalo-bull semen in order to maintain sperm plasma mem-
brane integrity and improve in vivo fertility of frozen-thawed buffalo-bull semen.  
 
Key words: buffalo-bull; frozen-thawed semen; cryoprotectant; estrus synchronization; 
In vivo fertility. 
 

 

Introduction 
Buffalo (Bubalus bubalis) is the most im-

portant and popular livestock animal for milk 



542                                             E. Almadaly, F. Tawfik, I. El-Kon, B. Heleil, El. Fattouh 

production in Egypt. It was introduced to Egypt 

from India, Iran and Iraq around the middle of 

the 7th century. Its lactation season ranged from 

210–280 day with annual average of 915 kg 

milk/animal. The total population of buffaloes 

in Egypt was decrease from 4.16 million in 

2012 to 3.64 million in 2016 (1) with decline of 

approximately 11% within four years, most of 

them reared in small herds (1-3 animals). De-

spite it is the best milk, meat and leather pro-

ducing animal in our country but it has not re-

ceived sufficient consideration regarding the 

improvement of its breeding strategies.  

Improvement of livestock production can be 

achieved using one of the assisted reproductive 

technologies such as artificial insemination 

(AI) (2) which is an essential tool for the quick 

dispersion of valuable germplasm and the fea-

sible method to improve the genetic quality of 

farm animals (3). Cryopreservation is an essen-

tial method for conservation of germ cells and 

is suitable for the proper genetic management 

(4). Semen quality and fertility is clearly re-

duced by freezing-thawing damage compared 

with fresh semen and it can be compensated by 

the insemination of larger number of sperm 

cells. Generally, 40 – 50% of sperm cells die 

after cryopreservation even with optimized 

methodology (5) due to an inevitable chemical, 

osmotic, thermal, and mechanical stresses 

which lead to lower post-thaw motility and via-

bility (6). Intracellular ice crystallization is im-

plicated in this inevitable damage of spermato-

zoa during cryopreservation (7). Moreover, 

buffalo-bull spermatozoa are more vulnerable 

to freezing-thawing damage compared with 

other mammalian species (8).  

The fertility rate of frozen-thawed buffalo-

bull spermatozoa is ranged from 33% (9) to 

45% (10). Sudden cooling of diluted semen 

from 30 °C toward 0 °C result in a lethal stress 

called cold shock in some of the sperm cells 

which was proportional with the cooling rate, 

the temperature interval and range (11). This 

sharp variation in temperature induces damage 

in sperm cell membranes. It is possible that 

these effects are related to phase change in li-

pids and altered functional state of membranes 

(6). 

The composition of semen extender contain-

ing proper cryoprotectants is critical for suc-

cessful semen cryopreservation (12) where the 

cryoprotectant minimize the intracellular ice 

crystals formation and/or damage. The pene-

trating cryoprotectants such as glycerol (GLY), 

ethylene glycol (EG) and dimethyl sulfoxide 

(DMSO) have the ability to pass through the 

sperm plasma membrane. Accordingly, it acts 

both intra and extra-cellular, rearrange the 

membrane proteins, reduce intracellular ice 

crystals formation and thus, protect sperm cells 

from freeze-thaw damage (13). 

Addition of penetrating cryoprotectants to 

sperm cell suspension, the cells first shrink due 

to water efflux then swell as the cryoprotectant 

get intracellular with water to maintain chemi-

cal potential. During removal of cryoprotectant 

the cell will initially swell due to water influx 

and then return to isosmotic size due to efflux 

of cryoprotectant with water. This osmotic 

stress adversely affects sperm motility, viability 

and function (14).  

Conventionally, GLY is used at concentra-

tion ranged from 5 to 8% to cryopreserve bo-

vine sperm. However, it has both osmotic and 

toxic effects on the plasma membrane and me-

tabolism of frozen-thawed semen with subse-

quent reduced motility and fertility (12). Also, 

higher concentration of GLY may lead to cell 

death (15). Recently, the high membrane per-

meability of EG was shown to reduce the 

plasma membrane damage of bovine sperm 

compared with GLY (16). Thus, apparently EG 

has less detrimental effect on viability and mo-

tility and offer protective effect to sperm acro-

some than GLY (17). Nowadays, biotechnol-

ogy of cryoprotectants play substantial role in 

improving the quality of frozen-thawed semen. 

Incorporation of efficient and less toxic cryo-

protectant within semen extender can make a 

substantial impact in improving the quality of 

frozen-thawed buffalo-bull spermatozoa. 

Therefore, the present study aimed to investi-

gate the effect of different cryoprotectants 

(GLY, EG and DMSO) on sperm characteris-

tics and in vivo fertility of frozen-thawed buf-

falo-bull semen. 
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Materials and methods 

Animals 

The present study was carried out at Me-

halet-Mousa Research Station, Kafrelsheikh, 

Egypt. Five healthy Egyptian buffalo bulls (5–

6 years-old) of proven fertility, acceptable li-

bido and of good semen quality were used for 

semen collection. Seventy five Egyptian buf-

falo-cows (4–5 years-old) having history of 

normal parturition was used for in vivo fertility 

experiment. All animals were kept indoors all 

over the year and fed on ration that met both 

maintenance and production requirements. Buf-

falo-cows were fed on concentrates plus corn 

silage and straw in summer and concentrates 

plus green clover and straw in winter. 

Chemicals, media and reagents  

Unless otherwise stated, all chemicals used 

were of high purity and procured from Sigma–

Aldrich Chemical Company (St. Louis, MO, 

USA). Freshly prepared Tris-based extender 

consists of 3.028 g Tris, 1.678 g citric acid and 

1.0 g fructose, 20% (v/v) egg yolk, 1000 IU/mL 

penicillin G sodium, 1 mg/mL streptomycin 

sulfate and the same extender containing either 

7% GLY (Sigma-Aldrich, USA) or 5% EG 

(SDFCL, India) or 5% DMSO (Fluka, Ger-

many) was used for semen dilution and freezing 

(5). Saline medium consists of 142 mM NaCl, 

2.5 mM KOH, 10 mM glucose and 20 mM 

Hepes and adjusted to pH 7.55 at 25 ºC with 

NaOH (18) was used for dilution and incuba-

tion of spermatozoa. Saline medium containing 

275 mM sucrose in place of NaCl was used for 

washing spermatozoa and designated as sucrose 

medium (18). Both media contained 0.1% (w/v) 

polyvinyl alcohol (PVA, molecular weight 

30,000–70,000) and 0.1% (w/v) polyethylene 

glycol (PEG). A fixative used was 2% Glutar-

aldehyde in 0.165 M of sodium cacodylate 

buffer, adjusted to pH 7.3 at 25 ºC. Sperm 

counting medium [(SCM) 0.9% (w/v) NaCl, 

0.1% (v/v) formaldehyde, 0.1% (w/v) PEG and 

10 mM ethylenediaminetetraacetic acid in H2O] 

was used for counting of sperm cells. Calcium 

ionophore A23187 (free acid; Calbiochem-

Novabiochem Corp., San Diago, USA) was 

prepared at 100 mM in DMSO, and frozen 

stored at - 30 ºC in small aliquots wrapped from 

light. Immediately before use, an aliquot was 

thawed and used at a 1:100 dilution in saline 

medium to give a final concentration of 1 mM. 

Semen collection 

Ejaculates were collected from well-trained 

buffalo-bulls using an artificial vagina of inner 

sleeve temperature 40 °C according to Rasul et 

al. (19). Ejaculates were collected twice a week 

early morning with 10 min interval. Immedi-

ately, after collection the collected ejaculates 

were kept in water bath of 37 ºC during initial 

semen evaluation.  

Semen evaluation 

As soon as possible the collected ejaculates 

were observed for color, consistency, hygienic 

quality and volume. An aliquot (200 µL) from 

each ejaculate was used for evaluation of the 

following sperm characteristics:  

1. Sperm motility 

1.1. Mass motility 

As quick as possible the fresh semen sam-

ples were examined on pre-warmed glass slide 

on a warm stage (38.5 ºC) under phase contrast 

microscope (Olympus BX20, Tokyo, Japan) at 

100 × magnification. The mass motility was 

scored from 0–5 grade depending upon the 

speed and intensity of waves. All ejaculates of 

mass motility less than 3 were excluded. 

1.2. Individual motility 

An aliquot (5 μL) of fresh semen was placed 

on warm glass slide and diluted with 20 μL iso-

tonic sodium citrate dihydrate 2.9%. The di-

luted semen was covered with a warm cover 

slip and examined under phase contrast micro-

scope at 200 and 400 × magnifications. At least, 

five microscopic fields were examined to cal-

culate the average in increments of 5%. Ejacu-

lates of less than 70% progressive motility were 

excluded. 

2. Sperm viability 

Alive sperm percentage was determined in 

Eosin-Nigrosin (EN) stained semen smear ac-

cording to Bjoerndahl et al. (20). Briefly, 5 μL 

of fresh semen was mixed with 20 μL pre 

warmed EN stain and smeared on warm glass 
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slide, dried and examined at 400 and 1000 × 

magnification of phase contrast microscope. At 

least, two microscopic fields containing 200 

spermatozoa were examined. The proportion of 

unstained spermatozoa was expressed as viabil-

ity%. 

3. Sperm cell concentration 

Sperm cell concentration was determined by 

direct cell count using Neubauer haemocytom-

eter (Marienfeld, Germany) (21). Exactly, 10 

μL of fresh semen was diluted with 3000 μL 

SCM and thoroughly mixed. An aliquot (12.5 

μL) of sperm suspension was spotted into 

counting chamber and count sperm cells under 

phase contrast microscope at 400 × magnifica-

tion. 

Semen dilution and cryopreservation   

Immediately before dilution, Tris-based ex-

tender was centrifuged at 3310 x g for 20 min 

and the upper portion of supernatant and sedi-

ment were discarded (22). Extenders (interme-

diate portion after centrifugation) were pre-

pared one day before semen collection and kept 

overnight at 4 °C. The ejaculates of at least 3 

score mass motility, 70% progressive motility 

and 800 x 106/mL sperm cell concentration 

were diluted. Both, ejaculate and extender were 

maintained in water bath of 37 °C. The selected 

ejaculates were pooled together to avoid the 

bull effect before being diluted with cryopro-

tectant free extender stepwise at room tempera-

ture. The semen was diluted gradually 1:10 

(each straw had at least 20 x 106 motile sperm). 

Diluted semen was cooled to 4 °C for 2 h and 

further diluted (1:1) with cryoprotectant con-

taining extender (23). The cryoprotectant was 

either 7% GLY (24) or 5% EG (3) or 5% 

DMSO (19). Diluted semen was equilibrated at 

4 °C for at least 4 h (25) before being loaded in 

0.5 mL polyvinyl French straws (IMV, France) 

with a suction pump at 4 °C in a cold cabinet 

(Minitub, Germany). The filled straws were 

plunged above liquid nitrogen vapor (-120 °C) 

for at least 10 min then immersed in liquid ni-

trogen (-196 °C) for storage. 

Evaluation of frozen-thawed semen 

Two straws for each treatment were thawed 

in water bath of 39 °C for exactly 1 min, thor-

oughly dried and gently evacuated in 1.5 mL 

vial which kept on a warming plate (38.5 °C) 

during evaluation. Frozen-thawed semen was 

examined for the following sperm characteris-

tics: 

1. Progressive motility 

The proportion of progressive motility was 

determined in wet mount using 10 µL of frozen-

thawed semen on pre-warmed glass slide cov-

ered with warm cover slip (18 x 18 mm), and 

examined at 400 × magnification under phase 

contrast microscope. Five microscopic fields 

were examined for the proportion of progres-

sive motile sperm according to Chutia et al. 

(26). 

2. Sperm viability 

The proportion of live sperms was deter-

mined in EN-stained smears similarly as men-

tioned before in fresh semen analysis. At least, 

200 spermatozoa were examined for each se-

men sample to calculate the proportion of un-

stained spermatozoa which expressed as viabil-

ity %. 

3. Sperm plasma membrane integrity 

Plasma membrane integrity was determined 

by using hypo-osmotic swelling test (HOST) 

(27). Hypo osmotic solution was prepared by 

dissolving 0.73 g sodium citrate and 1.35 g 

fructose in 100 mL Milli-Q water (osmotic 

pressure ~190 mOsmol/kg). For evaluation, 50 

µL of frozen-thawed semen was suspended in 

500 µL of pre-warmed HOST solution and in-

cubated at 37 °C for 30 – 60 min. After incuba-

tion, 50 µL of HOST exposed sperm suspension 

was fixed with an equal volume of 2% Glutar-

aldehyde in sodium cacodylate buffer for at 

least 30 min at room temperature. Two wet 

mount (2 µL/each) were prepared and exam-

ined for the proportion of sperm cells showing 

tail swelling under (1000×) phase contrast mi-

croscope. In total, 200 spermatozoa per each 

wet mount were examined for their swelling 

characterized by coiled tail. The proportion of 

HOST-positive sperm cells (% intact-mem-

brane) was determined from the following 

equation (HOST-positive % = Y − X/400 × 
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100), where X was spermatozoa having tail ab-

normalities and Y was spermatozoa having 

swelled tails according to Fukui et al. (28).   

4. Acrosomal membrane integrity 

Acrosomal membrane integrity was deter-

mined in EN-stained semen smears according 

to the method described by Bamba [29]. At 

least, 200 spermatozoa were examined in each 

semen sample under phase contrast microscope 

at 1000 × magnification. Sperm cells having 

crescent shape apical ridge considered intact-

acrosome otherwise consider damaged-acro-

some. 

5. Stimulation of frozen-thawed sper-

matozoa with Ca2+ and Ca2+ iono-

phore A23187 

Spermatozoa were incubated with Ca2+ and 

Ca2+ ionophore A23187 as previously de-

scribed by Almadaly et al. (18). Two straws 

were thawed at 39 °C for 1 min and evacuated 

in 1.5 mL vials. The two vials were centrifuged 

at 830 x g for 6 min at room temperature and 

remove the supernatant. The sperm pellets were 

resuspended in saline medium then was overlay 

on sucrose medium containing 0.1% PVA and 

0.1% PEG and centrifuged at 400 x g for 5 min 

then at 1000 x g for 10 min at room tempera-

ture. After centrifugation the supernatant was 

discarded and sperm cell concentration was ad-

justed to 6 x 106/mL. Spermatozoa were resus-

pended in saline medium containing 3 mM 

CaCl2 and incubated in the presence and ab-

sence (DMSO vehicle, control) of 1 mM Ca2+ 

ionophore A23187 at 37 °C for up to 60 min in 

air. At 0, 5, 10, 15, 30, and 60 min subsamples 

were collected and fixed with 1% Glutaralde-

hyde in 0.165 M cacodylate buffer at room tem-

perature for at least 30 min. After incubation, 

wet mounts (2 µL/each) were prepared and ex-

amined under oil immersion lens of phase con-

trast microscope. 

Sperm having a clear, dense apical ridge on 

the head were considered acrosome-intact, but 

sperm cells with ruffled or vesiculated acro-

some or without acrosome were considered 

acrosome reacted. The raw data expressed as % 

acrosome reaction (AR) was transformed to 

percentage of spermatozoa that were acrosome-

intact at the onset of stimulation but subse-

quently have an AR in response to Ca2+ and 

Ca2+ A23187 (% relative AR) with the follow-

ing formula: (%AR at each time point of stimu-

lation - percentage at 0 min) / (100 - percentage 

at 0 min) x 100 (30). 

Estrus synchronization and artificial insem-

ination 

This experiment was applied on 75 pluripar-

ous buffalo-cows maintained at the same farm 

of buffalo-bulls and of more than 90 days post-

partum with normal genitalia. Before the onset 

of experiment all buffalo-cows were examined 

by rectal palpation and/or ultrasound (Mindry, 

Germany) for judging the ovarian activity 

which indicated by the presence of follicles 

and/or corpus luteum. Cyclic buffalo-cows re-

ceived double dose of prostaglandin F2α 

(PGF2α) with 11 days interval (31) where each 

animal received 750 pg PGF2α analogue (Clo-

prostenol sodium, Estrumate, Berkhamsted, 

England) intramuscularly on days 0 and 11. Ex-

actly, 48 h after the second dose of PGF2α ani-

mals were carefully observed for the signs 

and/or the reflexes of estrus throughout the day 

and night. Estrus buffalo-cows were insemi-

nated with frozen-thawed straws (two 

straws/animal) containing either GLY (n = 25) 

or EG (n = 25) or DMSO (n = 25). All animals 

were intrauterine inseminated (recto-vaginal 

technique) by the same inseminator using am-

pm regime. 

Pregnancy diagnosis 

All inseminated buffalo-cows were rectally 

palpated and/or ultrasound examined for posi-

tive findings of pregnancy on day 45 post-in-

semination. Presence of either amniotic vesicle 

or fetal membrane slip was considered a relia-

ble sign for the pregnant buffalo-cow. 

Statistical analysis 

The results were presented as mean ± stand-

ard error of mean (SEM). All analyses were 

achieved using a statistical software program 

(Graphpad Prism Version 6.0; Graphpad Soft-

ware, San Diego, CA, USA). Analysis of vari-

ance (ANOVA) with Turkey's multiple com-
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parison test was used subsequently for compar-

ison of means at a significance level of p < 0.05 

(32). The proportion of pregnant females was 

analyzed by Chi-square test at p < 0.05. 

Results 

Sperm characteristics of fresh semen 

The obtained results revealed that all ejacu-

lates of the five buffalo-bulls used for pro-

cessing of frozen semen had acceptable mass 

motility (4.5 ± 0.2), progressive motility (78.7 

± 1.3), viability (79.5 ± 0.8) and sperm cell con-

centration (1.6 ± 0.1 x 106/mL) as well as % ab-

normal morphology (9.6 ± 0.7, Table 1).  

Sperm characteristics of frozen-thawed se-

men 

1. Sperm motility  

The mean ± SEM of % progressive motility 

of frozen-thawed buffalo-bull spermatozoa fro-

zen-stored in the presence of one of the three 

cryoprotectants have been presented in Table 2. 

The progressive motility were extremely (p < 

0.001) different among the three cryoprotectant 

where it was greater in GLY (41.3 ± 1.2) fol-

lowed by EG (31.4 ± 0.9) and lower (25.4 ± 1.1) 

for DMSO.  

2. Sperm viability 

Regarding the results of sperm viability (Ta-

ble 2), GLY yielded the greater (p < 0.001) 

sperm viability (47.7 ± 1.1) than both EG (42.3 

± 0.8) and DMSO (39.2 ± 1.2) without signifi-

cant difference between EG and DMSO.  

3. Plasma membrane integrity  

The proportion of intact-plasma membrane 

of spermatozoa frozen-stored in the presence of 

GLY or EG (Table 2) were greater (p < 0.001) 

than that of DMSO (46.3 ± 0.9) without signif-

icant difference between GLY (58.4 ± 1.5) and 

EG (58.7 ± 0.8).  

4. Acrosomal membrane integrity 

The proportion of intact-acrosome was sig-

nificantly (p < 0.001) different among the three 

cryoprotectant with greater % (61.7 ± 1.2) in 

GLY than EG (58.4 ± 0.8) and DMSO (48.4 ± 

0.5) as shown in Table 2. 

5. Induction of AR with Ca2+ and Ca2+ 

ionophore A23187 

Incubation of spermatozoa with Ca2+/ 

A23187 resulted in a time-dependent increase 

in the % AR (Table 3), in the three cryoprotect-

ants without significant (p ≥ 0.05) difference at 

0 and 5 min but with significant (p < 0.01) dif-

ference at 10, 15, 30 and 60 min. Regarding % 

relative AR (Table 4) it was similar among the 

three cryoprotectants at 5, 10 and 15 min but 

was extremely different among them at 30 and 

60 min. Almost in all incubation times GLY 

was predominant in both % AR and % relative 

AR (Tables 3, 4). 

Pregnancy rate 

The pregnancy rate was different (x2 = 7.32, 

p < 0.05) among the three cryoprotectants as de-

picted in Figure 1, where it was greater (52%) 

with GLY than EG (32%) and DMSO (16 %). 
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Figure 1: Effect of GLY, EG and DMSO in Tris-

based extender on the in vivo fertility of frozen-

thawed buffalo bull spermatozoa 

GLY = Glycerol, EG = Ethylene glycol, DMSO = 

Dimethyl sulfoxide. 
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Table 1:  Fresh semen quality (mean ± SEM) of buffalo-bulls* 

*For each replicate ejaculates were collected and examined in duplicate for each semen parameter. 

 

Table 2: Characteristics (mean ± SEM) of frozen-thawed buffalo-bull spermatozoa frozen-stored with dif-

ferent cryoprotectants* 

*Two straws were thawed and pooled together for each replicate and examined in duplicate for each sperm character-

istic. Means bearing different superscript within the same column were significantly different at p < 0.05. 

 

Table 3: The % AR (mean ± SEM) of frozen-thawed buffalo-bull spermatozoa frozen-stored with different 

cryoprotectants in response to Ca2+ and Ca2+ ionophore A23187* 

*Two straws were thawed and pooled together for each replicate and examined for the % AR in response to calcium 

ionophore. Values bearing one similar superscript within the same time point were similar (p ≥ 0.05, repeated measures 

ANOVA followed by Tukey's multiple comparison test). 

 

Table 4: The % relative AR (mean ± SEM) of frozen-thawed buffalo-bull spermatozoa frozen-stored with 

different cryoprotectants in response to Ca2+ and Ca2+ ionophore A23187* 

* The proportion of relative AR = %AR at each time point of stimulation - percentage at 0 min / (100 - percentage at 

0 min x 100. Values bearing one similar superscript within the same time point were similar (p ≥ 0.05, repeated 

measures ANOVA followed by Tukey's multiple comparison test).  

 
 
 
 

No. of 

replicates 

Mass motility 

(0 – 5) 

Progressive 

motility (%) 

Sperm 

viability (%) 

Abnormal 

morphology (%) 

Sperm cell concentration 

(x 109/mL) 

12 4.5 ± 0.2 78.7 ± 1.3 79.5 ± 0.8 9.6 ± 0.7 1.6 ± 0.1 

Cryoprotectant 
No. of 

replicates 

Progressive 

motility 

(%) 

Viability 

(%) 

Plasma 

membrane integrity 

(%) 

Acrosomal 

membrane integrity 

(%) 

GLY 17 41.3 ± 1.2a 47.7 ± 1.1a 58.4 ± 1.5a 61.7 ± 1.2a 

EG 17 31.4 ± 0.9b 42.3 ± 0.8b 58.7 ± 0.8a 58.4 ± 0.8b 

DMSO 17 25.4 ± 1.1c 39.3 ± 1.2b 46.3 ± 0.9b 48.4 ± 0.5c 

P value - < 0.001 < 0.001 < 0.001 < 0.001 

Cryoprotectant 
No. of 

replicates 

Incubation time (min) 

0 5 10 15 30 60 

GLY 6 21.2 ± 0.7a 28.8 ± 0.6a 36.2 ± 1.2a 46.0 ± 1.3a 62.7 ± 1.4a 76.3 ± 1.1a 

EG 6 19.3 ± 0.6a 30.2 ± 0.8a 33.7 ± 0.8ab 42.5 ± 0.8ab 52.2 ± 1.1b 66.7 ± 1.5b 

DMSO 6 19.2 ± 0.5a 28.3 ± 0.7a 31.7 ± 0.7b 41.5 ± 0.8b 47.5 ± 0.8c 59.2 ± 0.8c 

P value - 0.06 0.13 0.008 0.01 <0.001 <0.001 

Cryoprotectant 

 

No. of  

replicates 

Incubation time (min) 

5 10 15 30 60 

GLY 6 10.0 ± 0.7a 20.0 ± 2.1a 31.4 ± 1.9a 52.6 ± 2.0a 72.1 ± 1.5a 

EG 6 13.4 ± 1.4a 17.7 ± 1.0a 28.7 ± 0.9a 40.6 ± 1.4b 58.6 ± 1.9b 

DMSO 6 11.2 ± 1.3a 16.2 ± 1.0a 27.6 ± 1.3a 34.9 ± 1.1b 49.5 ± 1.0c 

P value  - 0.06 0.16 0.17 <0.001 <0.001 
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Discussion  

It is imperative to mention that buffalo-bull 

sperm are more susceptible to freeze-thaw dam-

age than other domestic animals. This poor 

freezability of buffalo-bull sperm might be re-

lated to the lower content of membrane phos-

pholipid and/or its loss during freezing and 

thawing procedures (33). Also, intracellular ice 

crystal formation during cryopreservation was 

the main cause of sperm cell damage. Thus, the 

composition of diluent containing proper cryo-

protectants is critical factor for successful se-

men preservation (34) as the cryoprotectant 

minimizes intracellular ice formation (12). 

Moreover, the ideal cryoprotectant must have 

low molecular weight, high water solubility, 

permeated cell quickly and of low toxicity (35). 

On the basis of existing information on 

freezing of buffalo-bull sperm in the presence 

of  different cryoprotectants, GLY improved 

the post-thaw sperm characteristics including 

motility, viability, plasma membrane integrity, 

acrosomal membrane integrity, % AR and % 

relative AR in response to calcium ionophore 

A23187 as well as yielded higher pregnancy 

rate in comparison with EG and DMSO. These 

findings were regular with the findings of 

Tasdemir et al. (34) who reported that there was 

no advantage in using EG or DMSO spermato-

zoa where GLY yielded the best post-thaw 

sperm characteristics in comparison with EG 

and DMSO. Also, Guerrero (36) found that the 

post-thaw progressive motility and % intact-

membrane of bull sperm frozen in 7% GLY-

Tris-based extender were significantly higher 

than those of sperm frozen in 7% EG-Tris-

based extender. On contrary, % intact-acro-

some was similar between 7% GLY and 7% 

EG. 

Moreover, the findings of this study were in 

harmony with Rasul et al. (19) who concluded 

that GLY is still an efficient cryoprotectant for 

buffalo-bull sperm and DMSO antagonized the 

action of GLY and thus reduced the post-thaw 

quality of buffalo-bull sperm. Moreover, 6% 

GLY added at 37 °C, provided better cryopro-

tection to the motility and plasma membrane in-

tegrity of buffalo-bull sperm (19).  

Our findings were in agreement with Rohilla 

et al. (25) who reported that 6.8% GLY greatly 

improve post-thaw buffalo-bull sperm motility, 

viability, and intact-acrosome in comparison 

with 5% EG. Furthermore, Gabr (37) reported 

that higher concentration of cryoprotectant for 

instance, ˃ 7% GLY resulted in gradual reduc-

tion in motility. Post-thaw sperm motility with 

GLY and DMSO didn’t differ significantly and 

there is a beneficial effect of 7% GLY on im-

proving sperm motility of buffalo-bull semen 

extended in Tris-based extender in comparison 

with different (5, 7, 10%) concentrations of 

DMSO and EG (37).  

Noteworthy, our findings were partially in-

consistent with the findings of Swelum et al. (3) 

who reported that 5% EG resulted in greater 

post-thaw intact-acrosome, intact-plasma mem-

brane and conception rate of buffalo-bull sper-

matozoa than 7% GLY. On contrary, the post-

thaw sperm motility was lower with 5% EG 

than 7% GLY which was in agreement with our 

results but sperm viability didn’t affected with 

the different cryoprotectants either GLY or EG. 

El-Harairy et al. (38) found that post-thaw mo-

tility and the conception rate of bull spermato-

zoa frozen in lactose-yolk-citrate extender con-

taining 7% GLY or 7% DMSO was similar. 

This discrepancy might be due to different ani-

mal species, breed, and semen extender as well 

as different cooling and freezing protocols. For 

instance, permeability of sperm plasma mem-

brane to cryoprotectant and the consequent os-

motic damage was species-dependent because 

each animal species has different structure and 

composition of sperm plasma membrane. 

It is well known that the sperm plasma 

membrane considered being the foremost site 

of freeze-thaw damage due to its high content 

of poly unsaturated fatty acids that render it 

more vulnerable to the intracellular ice crystals 

formed during the freezing process. This mem-

brane damage lead to loss of lipids and phos-

pholipids (39), cholesterol and consequently, 

the ratio of poly unsaturated fatty acids and sat-

urated fatty acids is disturbed. On the basis of 

results obtained in the present study that GLY 

provide higher proportion of intact-plasma 

membrane, % AR and % relative AR post-thaw 
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thus, GLY have utmost cryoprotective effect on 

buffalo-bull sperm plasma membrane in com-

parison with EG and DMSO.  

Incorporation of GLY in semen diluent used 

for frozen storage of buffalo-bull semen signif-

icantly improved its post-thaw quality and 

function than both EG and DMSO might be due 

to EG has toxic effect on sperm cells where it 

badly affects the motility of fresh and frozen-

thawed semen (40). Furthermore, EG could not 

reverse the capacitation like changes (cryocap-

citation) of frozen-thawed sperm cells (41) 

which might be the plausible explanation for 

the improved function (in terms of % AR and 

% relative AR) of sperm cells frozen in the 

presence of GLY compared to those frozen in 

the presence of EG.  

Since the true test to evaluate a semen sam-

ple is to estimate the fertility rate after its in vivo 

insemination in a routine AI program under 

field conditions (42). Then GLY was efficient 

in cryopreservation of buffalo-bull sperm as the 

higher in vivo fertility was recorded with ex-

tender having 7% GLY compared to 5% EG 

and 5% DMSO. This high fertility is a logical 

result for the improved sperm characteristics 

viz; progressive motility, plasma and acrosomal 

membranes integrity, viability, % AR and % 

relative AR suggesting that all the sperm char-

acteristics used to assess the semen quality do 

have substantial role in the fertilization process 

(43). In conclusion, incorporation of 7% GLY 

in the semen extender significantly improves in 

vitro quality and in vivo fertility of buffalo-bull 

semen. 
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