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Abstract: Computer-assisted sperm analyzers (CASA) have become the standard tool for evaluating sperm motility
because they provide objective results for thousands of mammalian spermatozoa. Mammalian spermatozoa experience
osmotic stress when the glycerol is added to the cells prior to freezing and removal from the cells after thawing, In order
to minimize osmotic damage, cryoprotectants having lower molecular weights and greater membrane permeability than
glycerol, were evaluated to determine their effectiveness for cryopreserving bull spermatozoa. The aim of this study
was to compare the cryopreservation effects of low molecular weight cryoprotectants (Ethylene glycol and Methanol) to
glycerol, on post-thaw CASA sperm parameters. Bull semen was diluted with tris-egg yolk extender containing 3%
glycerol, 3, 2 & 1% ethylene glycol or 3, 2 & 1% methanol. Bull semen was frozen in 0.25 pellets using the cold
surface of cattle fat. Bull spermatozoa exhibited higher percentages (P < 0.01) for total (Mot, 72.4%) and progressively
(Prog, 29.5%) motilities when frozen in extender containing 3% glycerol compared to 3, 2 & 1% ethylene glycol or 3, 2
& 1 % methanol. In conclusion, no advantages were found in using ethylene glycol or methanol to replace glycerol in
bull semen freezing. Glycerol provided the best sperm characteristics for bull spermatozoa after freezing and thawing.
The possibility of using ethylene glycol or methanol as permeating cryoprotectants for bull semen deserves further
investigation, and these cryoprotectants should also be evaluated in extenders that do contain disaccharides or

cholesterol.
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INTRODUCTION

Conventional methods for semen analysis,
including semen motility evaluation, are subjective.
Variations of 30—60% have been reported in subjective
microscopic evaluations of human and animal semen in
the same ejaculates (Amann, 1989; Budworth et al,
1988; Auger et al, 1993; Coetzee et al., 1999). The
availability of data recorded by CASA facilitates the
comparison of results and makes it possible to find
subtle differences between treatments (Verstegen et al.,
2002) Also, CASA systems appear to have high
accuracy and repeatability (Davis et al,, 1992; Farrell et
al., 1995).

Most semen cryopreservation protocols still favor
glycerol in the cryoprotective media, following the
example set by Polge et al. (1949). Glycerol, together
with methanol, and ethylene glycol belong to a group
which permeate into the sperm cell. Glycerol is the most
commonly used cryoprotectant for farm animal
spermatozoa. However, glycerol when wused in
concentrations has some toxicity and also may be the
cryoprotectant that causes the greatest osmotic damage
to spermatozoa because its permeability across the
sperm plasma membrane is much lower than that of
water and lower than that of many other cryoprotectants
(Guthrie et al.,, 2002).

Low-molecular-weight cryoprotectants (Ethylene
glycol and Methanol) may prove less damaging to
spermatozoa, as they equilibrate across the plasma
membrane more readily than glycerol and will therefore
induce much smaller and potentially less damaging cell
excursions than glycerol (Moore et al., 2006). Squires et
al.  (2004) found that stallion spermatozoa
cryopreserved using ethylene glycol had similar post-
thaw  spermatozoal attributes to  spermatozoa
cryopreserved with glycerol.

It was hypothesized that methanol could function as
a cryoprotectant during freezing and thawing of equine
embryos since it enters and leaves mammalian cells
rapidly without notable changes in their volume (Pfaff,
1994) and protects embryos against deleterious effects
of cryopreservation (Yamamoto et. al., 1982). Methanol
was found to be effective cryoprotectants for sturgeon
(Tsvetkova et al., 1996; Glogowski et al, 2002;
Urbanyi et al., 2003) and paddlefish (Mims et al., 2000)
sperm. Methanol has been used for the cryopreservation
of cyprinid species such as zebrafish (Harvey et al,
1982). Methanol is nontoxic when used as a
cryoprotectant and was found to be superior to DMSO
or glycerol in a number of cell types such as mammalian
tissue-culture cells (Harvey et al., 1982).

The aim of this study was to compare the
cryopreservation effects of low molecular weight
cryoprotectants (Ethylene glycol and Methanol) to
glycerol, on post-thaw CASA sperm parameters.

MATERIALS AND METHODS

Animals:

Semen was collected from 9 bulls housed at
Colorado State University, using an artificial vagina and
the semen from each bull was separately processed for
cryopreservation, immediately after collection.

Semen Collection, Processing, Cryopreservation:

All Chemicals used were reagent grade and
purchased from Sigma Chemical Co. (St. Louis, MO).
Clarified egg yolk was also used to supplement bull
semen extenders. Egg yolk particles can be
misinterpreted as non-motile spermatozoa by CASA
systems (Jasko et al., 1992); therefore, after the addition
of egg yolk to each of the extenders, the media were
centrifuged at 10,000 x g for 25 minutes to remove the
egg yolk particles. After centrifugation, the supernatant
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was filtered through 3 filters of decreasing pore size: 5.0
pum, 3.0 ym and 0.8 pm, and 0.45 pm.

After collection, semen was assessed for the
percentages of total and progressively motile
spermatozoa and for sperm concentration. Visual
motility estimates were made from a drop of semen
diluted with Tris buffer on a pre-warmed slide. Each
drop was evaluated for total and progressive motility at
400 x magnification using a phase contrast microscope.
Samples containing greater than 70% total motile sperm
were used in this study.

Each semen sample was diluted to 50 x 10° cells/ml

of diluent A (Table 1) at 37°C and then divided into 7 .

aliquots. Each aliquot was cooled to 5°C over 2 hrs, at
which time an equal volume of each treatment medium
was added resulting in final concentration of glycerol is
3% (control), the final concentrations of ethylene glycol
are 3%, 2% & 1% and the final concentrations of
methanol are 3%, 2% & 1% (Table 1). The sperm were
then equilibrated at 5°C over another 2 hours, then
frozen in liquid nitrogen vapor (5 cm above the liquid
nitrogen) using the cold surface of cattle fat (Awad and
Graham, 2004) for 10 minutes prior to being plunged
into liquid nitrogen for storage. Pellets were thawed in a
water bath at 37°C for 1min using dry test tubes.

Semen Evaluation:

Samples were analyzed using a Hamilton Thorne
Motility Analyzer (CASA; Hamilton-Thorn IVOS,
Bedford, MA). CASA systems permit the evaluation of
sperm motility in a relatively non-biased manner. These
systems also permit the velocities of spermatozoa to be
determined. The percentages of motile sperm in bull
sperm samples were determined using a computer
assisted sperm motion analysis system and a minimum
of 200 spermatozoa per sample were evaluated. The
settings of the CASA system included: 30 frames
acquired at 60Hz; minimum contrast 20; minimum cell
size 6; threshold straightness 60; medium average path
velocity cutoff = 60m/s; low average path velocity
cutoff = 25m/s; low straight line velocity cutoff =
10m/s; non-motile head size 17; non-motile head
intensity 70. Data collected for these samples included

the percentage of motile spermatozoa (Mot), the
percentage of progressively motile spermatozoa (Prog),
the average path velocity (VAP), the straight line
velocity (VSL), the curvilinear velocity (VCL) and the
linearity(LIN) of the motile cells.

Statistical Analysis:

Percentage data were transformed using arcsin.
Differences in the percentages of total motile sperm
(MOT), progressively motile sperm (PROG), the
average path velocity (VAP), the straight line velocity
(VSL), the curvilinear velocity (VCL) and the linearity
(LIN) of the motile cells between the cryoprotective
agents used, were determined by analysis of variance.
Treatment differences were separated using Student-
Newman—Keuls multiple range test (SAS, 1990).

RESULTS

Spermatozoa frozen in a medium which containing
3% glycerol exhibited the highest percentages (p <0.01)
of total (MOT: 72.38%), and progressive (PROG:
29.50%), motilities compared with ethylene glycol or
methanol. Similarly, all different concentrations of
ethylene glycol had higher values for MOT % and
PROG % compared with methanol (Table 2 and Fig. 1&
2).

For the other parameters evaluated by CASA: VAP,
VSL, VCL and Linearity (LIN) were affected by the
type of cryoprotectant, Glycerol and ethylene glycol had
higher values of VAP and VCL (p<0.01) than methanol.
For VSL and LIN, only glycerol had higher values than
ethylene glycol or methanol regardless the concentration
of the cryoprotectant.

When bull spermatozoa were cryopreserved in
medium containing 1, 2 or 3% ethylene glycol, no
significance differences of CASA sperm parameters
after freezing and thawing were found. Similarly, There
were no significance differences of CASA sperm
parameters after cryopreservation were found when bull
semen cryopreserved in medium containing 1, 2 or 3%
methanol.

Table (1): Composition of the media used for bull sperm cryopreservation.

Media

Diluent A 1 2 3 4 5 6 7
Tris (mM) 250 250 250 250 250 250 250 250
Citric acid (mM) 88.5 88.5 885 88.5 88.5 88.5 88.5 88.5
Glucose (mM) 68.8 68.8  68.8 68.8 68.8 68.8 68.8 68.8
G % (viv) 0 6 0 0 0 0 0 0
EG %(v/v) 0 0 6 4 2 0 .0 0
M %(v/v) 0 0 0 0 0 6 4 2
EY % (viv) 20 20 20 20 20 20 20 20
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Table (2): The percentages of motile spermatozoa (Mot), progressively motile spermatozoa (Prog), average path
velocity (VAP), average straight line velocity (VSL), curvilinear velocity (VCL) and linearity (LIN) when
bull spermatozoa were frozen in 0.25 ml pellets using 7 different cryoprotective media (N = 8)

PR VSL VCL
Media “g,,%T (,,/(o))G VAP (um/s) R A LIN

3% G 72.4° 29.5° 68.5° 59.6° 110.6* 55.5°
3% EG 56.9° 20.8° 682° 48.4° 1124 479"
2% EG 55.1° 21.9° 70.9° 474° 115.1° 47.1°
1%EG 44.5° 18.8° 67.5° 48.4° 114.7% 46.2°
3% M 22.6¢ 83°¢ 59.4° 452° 105.7° 45.6°
2% M 15.9¢ 6.1° 57.4° 48.3" 92.4° 46.1°
1% M 14.5¢ 53¢ 55.9° 43.4° 98.0° 44.4°
SEM 3.1 1.4 1.4 1.4 25 1.1

® Means in the same column with different superscripts differ significantly at p < 0.01.

@G 3%
8EG 3%
=EG2%
mEG 1%
aM 3%
aM 2%

Total Motility (MOT%) T

. [wo3%
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BEG 1%
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.M 2%
BM 1%

Progrssively Motility (PROG%)

Fig. (1): The total motile spermatozoa (MOT%) after
being cryopreserved in different media
containing 3% glycerol (G), 3, 2 & 1%
ethylene glycol (EG) and 3, 2 & 1% methanol
M).

DISCUSSION

Many factors affect sperm survival, e.g., the type of
cryoprotective agents, and the concentration of
cryoprotectants. Awad and Graham (2002) found that
motility of bull spermatozoa was not negatively
influenced by the reduction of glycerol concentration
and no significant difference in the percentages of
motile cells were found using a range of 2 to 6%
glycerol. This study showed that no advantages were
found in using ethylene glycol or methanol at any
concentration to replace glycerol in bull semen freezing
and glycerol provided the best CASA sperm parameters
for bull spermatozoa after freezing and thawing. In
contrast, the use of ethylene glycol for cryopreservation
of stallion (Mantovani et al,, 2002; Henry et al., 2002)
or ram (Molinia et al.,, 1994) semen can provide similar
or better results than those obtained with glycerol. In
this study, the extender with ethylene glycol, at any
concentration, did not produce better results than the
extender with glycerol, similarly to what was previously
found by Cavalcanti et al. (2002) working with 4% and
7% ethylene glycol and 7% glycerol.

The effects of the ethylene glycol as a semen
cryoprotectant may be species-specific (Ana Martins
Bessa et al, 2006). Some of the disadvantages of

Fig. (2): Progressively motile bull spermatozoa

(PROG%) after being cryopreserved in
different media containing 3% glycerol (G), 3,
2 & 1% ethylene glycol (EG) and 3,2 & 1%
methanol (M).

ethylene glycol may be due to deleterious effect on the
motility of frozen spermatozoa (Alvarez and Storey,
1993). It has been also suggested that ethylene glycol
could not reverse the sperm capacitation-like changes
that occur in the freezing process (Rota er al., 2006).
Other differences contributing to the different effects of
ethylene glycol versus glycerol may be the lower
molecular weight of ethylene glycol, which allows it to
penetrate and leave the cell faster than other
cryoprotectants (Soares et al, 2002). Similarly, the
addition and removal of ethylene glycol seemed to
minimize alterations of cellular volume of bovine
spermatozoa, when compared with using glycerol
(Gutherie et al., 2002). However, permeability of the
sperm cell membrane to either ethylene glycol or
glycerol, and the consequent osmotic-induced
alterations of cellular volume, may also be species-
specific (Ana Martins Bessa et al., 2006).

Post-thaw CASA sperm characteristics depended on
the concentration of the cryoprotectant, lower
concentration of methanol or ethylene glycol (1% or
2%) yielded lower post-thaw sperm characteristics
which suggests that at lower concentrations it becomes
not enough for sperm cryopreservation. Since cells are
permeable to glycerol (Seidel, 1996) and methanol
(Czlonkowska, et al, 1991), cryoprotectants
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immediately started to enter the embryo and continued
to do so until equilibrium was reachied. Methanol or
ethylene glycol showed no advantage over glycerol in
providing protection against the deleterious effects of
cryopreservation and thawing of bull spermatozoa.
Further studies are necessary to determine the efficacy
of methanol or ethylene glycol at higher concentrations
when used as a cryoprotectant for bull spermatozoa.

In conclusion, no advantages were found in using
ethylene glycol or methanol to replace glycerol in bull
semen freezing. Glycerol provided the best sperm
characteristics for bull spermatozoa after freezing and
thawing. The possibility of using ethylene glycol or
methanol as permeating cryoprotectants for bull semen
deserves further investigation, and these cryoprotectants
should also be evaluated in extenders that do contain
disaccharides or cholesterol.
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