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Abstract | To find the suitable cryoprotectants for cryopreservation of ram semen, two cryoprotectants ethylene glycol
and glycerol were added to semen at different concentrations and glycerol (5%) was added at different temperatures
to Magra ram semen. Ejaculates (n=36) collected from adult Magra rams (n=6) during the breeding season, were
subjected to routine evaluation of seminal parameters and were cryopreserved by adding either glycerol (5%) added
extender at two temperatures of semen (either 5°C or 30°C) or adding either glycerol or ethylene glycol at different
concentrations (2%, 3%, 4%, 5%, 6% or 7%). The post-thaw motility of cryopreserved semen was evaluated 7 days later
by thawing at 37°C for 30 seconds. The overall mean sperm concentration, initial individual motility and live percentage
of spermatozoa observed were 2999.33 + 3.51(million/ml), 80.05 + 0.20 % and 85.30 + 0.22 %, respectively. The post-
thaw live percentage of spermatozoa, in semen was significantly higher (P 0.01) when the glycerol added extender was
mixed at 30°C compared to cooled semen at 5°C. The post-thaw motility of Magra ram semen was highest 50+0.74
% at 6% glycerol concentration whereas it was 44.18+1.17% in ethylene glycol at 2%. At concentrations of 3% to 7%
addition of glycerol resulted in significantly higher post-thaw motility of semen compared to ethylene glycol. It was
concluded that it is better to supplement glycerol added (6%) extenders in ram semen at 30°C and ethylene glycol
above 2% results in a reduction of post- thaw motility and percent live sperms.
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INTRODUCTION

Artiﬁcial insemination (Al) with frozen-thawed semen
is not as common in sheep as it is in other domestic
species (Kumar and Naqvi, 2014). Many variables do exist
in the cryopreservation of ram semen that cryopreserves
poorly (Salmon and Maxwell, 2000). There has not been
much improvement in the fertility of frozen ram semen
that is attributable to the suboptimal development of dilu-
ents and cryo-protectants. A wide variety of diluents have
been experimented with moderate success (Salamon and
Maxwell, 2000). It appears that research effort should be
directed at finding new cryoprotective diluents, but direct-
ing attention particularly to the preservation of motility

and viability of the spermatozoa (Alvarez et al., 2019).
Although addition of glycerol has been suggested as a
cryoprotectant for ram semen (Kukovics et al., 2011) the
optimum concentration and the temperature of semen at
which glycerol should be added to ram semen are sparse-
ly studied, and ethylene glycol addition to ram semen has
been poorly reported. The level of glycerol included in dil-
uents for frozen storage of ram semen is ultimately limit-
ed by its toxicity (Fahy, 1986), which in turn depends on
cooling and freezing rate, diluent composition, and meth-
od of addition of glycerol. The present study examined the
addition of glycerol (5%) at 5°C or 30°C and different con-
centrations of glycerol and ethylene glycol on post-thaw
motility of ram semen.
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Table 1: Comparison of post-thaw motility of ram spermatozoa between glycerol and ethylene glycol as cryoprotectant

at different percentage levels.

Cryopro-  Post-thaw motility
tectant Glycerol and ethylene glycol concentration
2% 3% 4%
Glycerol Mean+SE  44.83 + 0.628" 44.76 + 0.528* 46.1 + 1.0494
Ethylene MeanzSE  44.183+ 0.711% 41.850+ 0.999° 39.96 + 0.7078 38.7 + 0.646°
glycol

Means with different superscripts differ significantly (P < 0.05).

5% 6 % 7 %
45.36 £ 0.804 50.0 = 0.7424 46.25 + 0.966*

37.3 £1.108® 33.816+ 1.0378

Table 2: Comparison of post-thaw live percentage of ram spermatozoa between glycerol and ethylene glycol as

cryoprotectant at different percentage level

Cryo- Post-thaw live percentage of spermatozoa

protect-  Glycerol and ethylene glycol concentration

ant 2% 3% 4% 5% 6 % 7%

Glycerol Mean+SE 55.166+ 0.3444 55.083+ 0.6804 56.73 +1.00* 57.833+1.258* 61.0+0.9794 57.183+0.3774
Ethylene Mean+SE 56.266+ 1.474  52.816+ 1.307® 51.6 +0.744% 50.150+ 0.670% 48.716+ 0.890® 47.133+0.751®
glycol

Means with different superscripts differ significantly (P < 0.05).

MATERIALS AND METHODS

SEMEN COLLECTION AND DILUTION

Semen was collected from Magra rams (n=6) managed
under similar management conditions at the Department
of Livestock Production and Management of our Insti-
tute during the months of August-September. Six ejacu-
lates were collected from each ram by allowing the ram
to mount on an estrus ewe and using the artificial vagina
described previously (Kukovics et al., 2011). Immediately
after collection the ejaculates were submitted to the labora-
tory and kept in warm water maintained at 37°C. A part of
the ejaculates was taken for the fresh semen evaluation pa-
rameters including sperm concentration, individual sperm
motility and percent live sperms (Purohit, 2001; Kukovics
et al., 2011) and the remaining part of ejaculates were im-
mediately put to dilution and processing. The minimum
criteria were fixed as average concentration 2000 to 3,000
million/ml, >70 percent initial motility and < 20 percent
dead spermatozoa. If the ejaculates did not meet the above
criterion the sample was discarded and collected again on
a subsequent day. The ejaculates were diluted with Tris—
glucose diluents as suggested previously (Kukovics et al.,

2011).

Using split sample ejaculate technique, the ejaculates were
diluted with three types of semen extenders. One for eval-
uation of semen when glycerol added (5%) diluents were
mixed at 30°C and 5°C, in the other two aliquots either
glycerol or ethylene glycol was added at concentrations of
2%, 3%, 4%, 5%, 6% or 7% at 5°C (Saxena and Tripathi,
1984). 'The dilution of the ejaculates was done in such a
way so as to maintain the level of sperm concentration of

50 million sperms per ml.

SEMEN CRYOPRESERVATION

Semen cryopreservation was done as per methods de-
scribed previously (Kukovics et al., 2011). Briefly, diluted
semen was cooled in the cold handling cabinet at the rate
of 1°C per 3 minutes from ambient temperature to 5°C
within 45 to 60 minutes. Cooled semen was kept at this
temperature for 4 hours for equilibration. The Filling of
straws was done by the manual method.

In a thermo-cool box, the semen straw racks were placed
and liquid nitrogen was added after placing the equilibrat-
ed straws at 5°C in a horizontal position inside the straw
rack 4 to 5 cm above the level of liquid nitrogen. The straws
were kept for 10 minutes in the liquid nitrogen and then
plunged into the goblet of a liquid nitrogen jar.

EVALUATION OF POST-THAW MOTILITY

After 7 days of frozen storage, the frozen semen straws
were thawed in a water bath at 37°C for 30 seconds and
the post-thaw motility was evaluated under a microscope.

STATISTICAL ANALYSIS
'The obtained data were analyzed statistically using stand-
ard statistical procedures mentioned previously (Snedecor

and Cochran, 1994).

RESULTS

'The overall mean sperm concentration, initial individual
motility and live percentage of spermatozoa observed were

2999.33 + 3.51 (million/ml), 80.05 + 0.20 % and 85.30 *
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0.22 %, respectively.

EFrecT OF DIFFERENT TEMPERATURE FOR ADDING
GLYCEROL

'The addition of glycerol (5%) at 30°C resulted in a sig-
nificantly higher (P<0.05) mean post-thaw motility of
48.72+0.43% compared to 30.76+0.26% when glycerol
was added at 5°C. Similarly, the post-thaw live percent of
sperms was significantly higher (P<0.05) in thawed semen
to which glycerol was added at 30°C (53.01+0.23%) com-
pared to glycerol added at 5°C (38.66+0.54%).

ErFfFEcT OF DIFFERENT CONCENTRATIONS
GLYCEROL AND ETHYLENE GLYCOL

'The addition of 2%, 3%, 4%, 5%, 6% or 7% of glycerol at
5°C as a cryoprotectant had little effect on the post-thaw
motility of cryopreserved ram semen, however; 6% glycerol
resulted in the optimum post-thaw motility (Table 1). In
comparison to glycerol, ethylene glycol resulted in signif-
icant (P<0.05) decrease in post-thaw motility of sperms
beyond the 2% level of addition. At all concentrations test-
ed except 2% glycerol resulted in significantly higher post-

thaw motility of cryopreserved ram spermatozoa.

OF

Similarly, addition of glycerol at 2%, 35, 4%, 5%, 6% and
7% resulted in non-significantly higher increase in post-
thaw percent of live sperms up to 6% beyond which the
post-thaw live sperm percent decreased (at 7%) (Table 2).
Ethylene glycol addition resulted in highest post- thaw
percent live sperms at 2% only beyond which the post-
thaw live sperm percent decreased sequentially with in-
creasing concentrations of ethylene glycol. Glycerol addi-
tion resulted in significantly higher post-thaw live sperm
percent compared to ethylene glycol at all concentrations
tested.

DISCUSSION

In the present investigation, the overall mean sperm con-
centrations observed were 2999.33 + 3.51 million/ml and
were similar to previous reports (Bhosrekar et al., 1994;
Ibrahim, 1997; Azawi and Ismaeel, 2012). The sperm con-
centration was observed to be affected by a variety of fac-
tors like season, method of collection (Tiwari and Sahni,
1975; Dabas et al., 1997). The overall mean + SE values
of individual sperm motility observed in the present study
were similar to previous reports on ram semen (Tiwari et
al., 1972; Tejaswi et al., 2016). However, the findings of
Srivastava et al. (1973) revealed a higher percentage of mo-
tility of spermatozoa (86.6 %) in Marwari sheep. In the
present investigation the mean + SE values of live percent-
age of spermatozoa observed were 85.30 + 0.22 per cent
lying within the range 82 + 0.37 percent as per reported
previously (Soltanpour et al., 2014; Tejaswi et al., 2016).

However, other workers reported a slightly lower live per-
centage of live spermatozoa, 81.33 percent (Srivastava et

al., 1973) and 81.39 per cent, (Tiwari et al. 1972).

'The post-thaw motility and live sperm percentage of ram
semen was observed higher when glycerol was mixed at
30°C compare to 5°C which was also observed by other
workers (Salamon, 1976; Kukovics et al., 2011). Salmon
(1976) and Evans and Maxwell (1987) suggested that the
addition of glycerol at 30°C is a practical and widely used
method for dilution of ram semen for frozen storage. The
findings of above investigations are well in accordance with
the present study. However, other workers suggest that ad-
dition of glycerolated diluent at 4-5°C was more suitable
than 30°C (Colas, 1975; Graham et al., 1978; Neubert and
Menger, 1981; Fiser and Fairfull, 1989), while some other
workers believed that there is no difference to addition of
glycerolated diluent either at 32°C or 3°C or 30°C or 5°C
(Mattos et al., 1982).

Temperature change induces stress on spermatozoa mem-
branes. It is probable that these are related to phase change
in lipids and altered functional state of membranes. Cold
shock is then seen merely as the extreme state of a contin-
uum of stress, influenced by the rate of onset of the phe-
nomenon. Such stresses on the membrane may be contin-
ued below 0°C since phase changes are not complete at
0°C (Watson, 2000). However, it is well known that a ma-
jor phase change occurs in the vicinity of 5-15°C (Drobnis
et al., 1993), and this may well be the prime temperature
range for temperature dependent injury.

'The post-thaw motility and live percentage of ram semen
were observed to be highest when glycerol was mixed at
6 % concentration level which was also observed by oth-
er workers (Farshad et al., 2009; Silva et al., 2012). Gra-
ham et al. (1978) have previously reported that glycerol
levels above 6 % were detrimental to post-thaw revival of
spermatozoa. The addition and removal of cryoprotectant
in molar proportions result in a substantial but transient
osmotic stress to the plasma membrane of spermatozoa,
depending upon the relative permeability of the cryopro-
tectant (Gao et al., 1993).

While glycerol offers cryoprotection to spermatozoa, it may
also cause structural damage during pre-freeze processing.
Consequently, it was suggested that glycerol should be
added no more than 20-30 min. before freezing. Effective
cryoprotection after short contact (5-10 s) with glycerol
has been demonstrated for bull and boar and also for ram
semen (0-5 min.), which support the view that penetration
of glycerol into the cell is not essential for protection. Re-
moval of glycerol from thawed semen by centrifugation or
by dialysis did not affect on lambing, (Salamon and Max-
well, 2000). The level of glycerol included in diluent for
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frozen storage of ram semen is ultimately limited by its
toxicity (Fahy, 1986), which in turn depends upon cooling
and freezing rate, diluent composition and method of ad-

dition of glycerol.

Contrary to the above findings some workers also get suc-
cesses in obtaining fertility with ram semen frozen without
glycerol have been reported by Lopatko (1976) and Abdel-
hakeam et al. (1991) who claimed 26% and 52% lambing

rates respectively.

In the present investigation the maximum post-thaw mo-
tility and live percentage of ram sperms were observed
when ethylene glycol was mixed at 2% concentration level
as also observed in a previous study (Silva et al., 2012). The
action of glycerol on ram and bull spermatozoa seems to
be different, as it more easily penetrates ram spermatozoa
(Nauk et al., 1970) which was also support to the present
findings that show higher survival of post-thaw sperma-
tozoa with 5 % glycerol compared to 5 % ethylene glycol.

CONCLUSION

It was concluded that it is better to supplement glycerol
added (6%) extenders in ram semen at 30°C and ethylene
glycol above 2% results in reduction of post-thaw motility
and percent live sperms.
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