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Morrier, A., Castonguay, F. and Bailey, J. L. 2002. Glycerol addition and conservation of fresh and cryopreserved ram sper-
matozoa. Can. J. Anim. Sci. 82: 347–356. Fresh extended ram semen has a short fertile lifespan whereas acceptable fertility with
cryopreserved semen is achieved only by laparoscopy, which limits widespread artificial insemination in sheep. Although glycerol
is considered essential for freezing spermatozoa, it is often included in extenders for short-term storage at above-freezing temper-
atures. To test the hypothesis that glycerol reduces the function of fresh sperm, ram semen was divided into two aliquots and dilut-
ed with commercial extenders that were identical, except that one contained 7% glycerol (n = 6). In a second experiment, ram
semen was prepared for cryopreservation by a one-step dilution with a 7% glycerol extender or gradually, with a two-step proto-
col, to test the hypothesis that the method and time of glycerol addition affects sperm quality after freezing and thawing (n = 7).
For both experiments, semen was diluted in a synthetic oviductal fluid (SOF-m) and sperm quality was assessed by computer-
assisted motility, viability and chlortetracycline fluorescence (CTC) patterns (an indicator of capacitation status). The presence of
glycerol did not affect the quality of fresh sperm (P > 0.27). For cryopreserved sperm, the method of glycerol addition also did not
affect thawed sperm. However, a decrease in sperm motility and viability, and different distribution of CTC patterns occurred due
to the duration of time in extender and in SOF-m (P ≤ 0.0002). Cryo-capacitation was also observed. In conclusion, the presence
of glycerol in the extender did not reduce ram sperm quality during conservation of the semen at 5°C or when it was used to com-
pletely and rapidly dilute the semen before cooling for cryopreservation.
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Morrier, A., Castonguay, F. et Bailey, J. L. 2002. Additon de cholestérol et conservation de la semence de béliere fraiche et
cryoconservée. Can. J. Anim. Sci. 82: 347–356. La semence de bélier fraîche (conservée à 5°C) a une durée de vie limitée tandis
que la semence cryoconservée ne donne des taux de fertilité acceptables que lorsque la laparoscopie est utilisée, ce qui limite 
l’expansion de l’insémination artificielle chez l’ovin. Même si le glycérol est essentiel à la congélation des spermatozoïdes, il est
souvent inclus dans les diluants destinés à la conservation de courte durée à des températures au-dessus du point de congélation.
Afin de tester l’hypothèse selon laquelle le glycérol réduit la fonction des spermatozoïdes frais, la semence de bélier a été divisée
en deux aliquotes et diluée avec deux diluants commerciaux identiques, à l’exception du fait qu’un contenait 7% de glycérol (n =
6). Dans une seconde expérience, la semence de bélier était diluée en une seule étape avec un diluant contenant 7% de glycérol ou
graduellement, en deux étapes afin de tester l’hypothèse selon laquelle la méthode et le temps d’addition du glycérol affectent la
qualité spermatique lors de la congélation-décongélation (n = 7). Dans les deux expériences, la semence était diluée dans un 
fluide synthétique mimant l’oviducte de la brebis (SOF-m) et la qualité de la semence était évaluée selon la motilité totale et 
progressive, la viabilité ainsi que les patrons de fluorescence obtenus par la coloration à la chlortétracycline (CTC), patrons 
indiquant l’état de capacitation du spermatozoïde. Le glycérol n’a pas affecté la qualité de la semence fraîche. Pour la semence
cryoconservée, la méthode d’addition du glycérol n’a pas eu d’effet sur la semence décongelée. Cependant, l’incubation dans le
SOF a engendré une diminution de la motilité et de la viabilité spermatique ainsi qu’une distribution différente des patrons de CTC
(P < 0.0002). Un phénomène de cryocapacitation a également été observé. En conclusion, le glycérol ne semble pas endommager
la qualité de la semence ovine pendant la conservation à 5°C ou lorsqu’il est ajouté rapidement à la semence avant le 
refroidissement précédent la cryoconservation. 
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The cryoprotective benefits of glycerol on spermatozoa
were discovered by Polge et al. (1949) and are attributed
mostly to its water-binding properties [reviewed by
Salomon and Maxwell (1995)]. Since then, the use of glyc-
erol to preserve spermatozoa during freezing has become
widespread (Hammerstedt et al. 1990; Bailey et al. 2000).
Recent studies have demonstrated that glycerol remains the

most effective cryoprotective compound for freezing mam-
malian semen and no enhancement was showed by the addi-
tion of other compounds (Molinia et al. 1994). 

Therefore, for cryopreservation, glycerol is the most com-
monly used cryoprotectant for ram semen (Salomon and
Maxwell 2000). However, when glycerol should be added
during cryopreservation has been investigated, with con-
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flicting results. Colas (1975) suggested that glycerol is
slightly toxic to ram spermatozoa and that its negative
effects could be reduced by its addition at a temperature
near 0°C. Contrary to this recommendation, Salomon (1968)
[reviewed by Salomon and Maxwell (2000)] reported that a
single dilution of semen with an extender containing glyc-
erol was as effective as a two-step dilution. In a recent
experiment, it was found that glycerol addition improved the
post-thaw motility of stallion semen when performed at
22°C instead of 4°C (Vidament 2000).

Despite its beneficial effects for sperm cryopreservation,
Meryman in 1966 (Fahy 1986) demonstrated that glycerol
could also have a damaging effect during freezing and thaw-
ing of red blood cells. Glycerol alters the membrane bilay-
ers and interacts with bound proteins and glycoproteins. It
also increases the bioenergetic requirements of spermatozoa
(Hammerstedt et al. 1990). Furthermore, it has been shown
that glycerol decreases fertility in sheep when the semen is
stored at 5°C (Abdelhakeam et al. 1991) and accelerates the
acrosome reaction in ram spermatozoa (Slavik 1987).

With such negative consequences, the use of glycerol is
generally recommended only for cryopreservation of semen.
However, for convenience, some artificial insemination cen-
tres include glycerol in the extender for conservation of fresh
ram semen above freezing temperatures (Hackett 1982).

In Canada, the ovine industry is expanding. However, its
development is limited by the fact that fresh ovine semen can
be conserved only for 8 h (Baril et al. 1993). Furthermore,
due to its very poor fertility, artificial insemination with
frozen ram semen requires laparoscopy, which considerably
increases labour and costs (Maxwell et al. 1996).

Two series of experiments were conducted in this study.
To test the hypothesis that glycerol decreases the quality of
fresh ram spermatozoa stored at 5°C, two commercial dilu-
ents were evaluated, one with and the other without glyc-
erol. In the second experiment, glycerol was added to fresh
ram semen immediately after collection or after cooling to
5°C. The semen was then frozen to assess whether the tim-
ing of cryoprotectant addition during cryopreservation
affects sperm quality. For both experiments, semen was
diluted in a solution that mimicked the genital tract of the
ewes (SOF-m) and motility, physiological status (assessed
by CTC fluorescence) and viability, were used as indicators
of sperm quality. 

MATERIALS AND METHODS

Chemicals and Animal Care Guidelines
All experiments were conducted as authorized by the uni-
versity animal care committee and according to the guide-
lines of the Canadian Council on Animal Care (1993).
Unless otherwise specified, all products used in this experi-
ment were purchased from Sigma Chemical Co. (St. Louis,
MO, USA). 

Experiment 1: Effect of Glycerol on Fresh Semen
Five mature Dorset-Polled and one Hampshire ram aged
from 2 to 7 yr were housed at the Centre d’Expertise en
Production Ovine du Québec (CEPOQ, La Pocatière, QC,

Canada). Rams were housed under a light regime, alternat-
ing from long (16 h of light) to short days (8 h of light) each
month. For each replicate, semen from these rams was col-
lected twice consecutively (within 10–15 min) with an arti-
ficial vagina. These two ejaculates were then pooled for
experimentation. Therefore, each male was used once for
this experiment (n = 6). Semen volume was measured, and
sperm morphology and subjective motility were visually
assessed by a trained technician using phase contrast
microscopy (400×) at room temperature. Samples with less
than 75% motile spermatozoa were rejected. Sperm concen-
tration was assessed using a spectrophotometer, previously
calibrated by hemocytometry. 

Immediately after collection, the semen was divided into
two aliquots and each diluted with one of two commercial
extenders (Minitube Canada, Woodstock, ON, Canada),
Biladyl (0% glycerol; only “solution A”) or Triladyl (with
7% glycerol). Both extenders had the same antibiotic 
cocktail, including Tylosin, Gentamicin, Lincomycin 
and Spectinomycin and both were supplemented with 
20% fresh egg yolk (vol/vol) as per the manufacturer’s
directions. Commercial eggs were used and kept at 4°C 
until egg yolk preparation for dilution of semen. Once 
prepared, the only difference between these diluents was 
the presence of glycerol. Semen was diluted with the exten-
ders (prepared and prewarmed to 30°C) at room temperature
to a final concentration of 1.6 × 109 spermatozoa mL–1

(Baril et al. 1993). Diluted semen was placed into 250 µL
straws (IMV, l’Aigle, France), sealed with polyvinyl acid,
progressively cooled to 5°C over 3 h in a transport box
(CIOQ) and maintained at this temperature. This specially
designed box contains the appropriate proportion of ice and
water at 30°C in order to reach 5°C in 3 h (approximately
0.14°C min–1). The temperature of the box can then be
maintained at 5°C for up to 36 h. The same transport box
was used for all replicates. 

Immediately after preparation for storage in either Biladyl
or Triladyl (“Time 0h”) and at 8-h intervals (until 24 h), one
sealed semen straw of semen was cut open (with clean 
scissors) and diluted (about 32-fold; to 50 × 106 spermato-
zoa mL–1) in synthetic oviductal fluid (SOF-m), modified
slightly from that described by Pérez et al. (1996a, b), 
with gentamycin as the antibiotic instead of streptomycin.
The SOF-m was composed of 108 mM NaCl, 7.2 mM KCl,
1.2 mM KH2PO4, 25 mM NaHCO3, 5 mM CaCl2, 0.5 mM
MgCl2, 1.5 mM glucose, 3.3 mM sodium lactate, 0.33 mM
sodium pyruvate, 1 mM glutamine, 20 µM penicillamine,
10 µM hypotaurine and 50 mg L–1 gentamycin. This 
solution was supplemented with 20% heat-inactivated
oestrus sheep serum (the same lot for all replicates 
within each experiment) and adjusted to pH 7.36,
290 mOsm kg–1.

Sperm quality (motility, viability, CTC assay) 
was assessed immediately following dilution in SOF-m
(“Time t0”). The samples diluted in SOF-m were 
incubated in a humidified atmosphere of 5% CO2 in air 
at 39°C. After 6 and 24 h in the SOF-m, sperm quality was
re-assessed. Figure 1 shows a schematic description of 
this protocol.
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Experiment 2: Effect of Preparation Protocol on
the Quality of Cryopreserved Ram Semen
Three mature Dorset-polled and one Hampshire rams aged
from 2 to 7 yr were collected and semen was assessed 
as described in exp. 1 (n = 7; each ram was used once or
twice). Immediately after collection, the semen was divided
into two identical aliquots and extended with Biladyl 
or Triladyl. For Triladyl (7% glycerol, one-step dilution),
semen was diluted to 4 × 108 spermatozoa mL–1 with 
extender supplemented with 20% egg-yolk (prepared as for
exp. 1, prewarmed to 30°C). The diluted samples were 
slowly cooled to 5°C within 3 h in a cold room (approxi-
mately 0.14°C min–1), then frozen (according to industry
standards) in 250 µL straws. The straws were frozen by
plunging them directly in liquid nitrogen at –196°C. Straws
were stored in liquid nitrogen for 4 to 8 wk. For Biladyl, the
semen was extended at room temperature to 8 × 108 sper-
matozoa mL–1 with warmed “solution A”, kept at 30°C sup-
plemented with 20% egg yolk and the antibiotic cocktail (as
described in the manufacturer’s directions). The diluted
samples were slowly cooled to 5°C within 3 h in a cold
room, concomitant with the Triladyl aliquots, then “solution
B” (containing 14% glycerol) from Biladyl supplemented
with 20% egg-yolk (prepared as before) was added at 5°C to
reach a sperm concentration of 4 × 108 spermatozoa mL–1

and a final glycerol concentration of 7%. Semen was frozen
as for Triladyl.

Semen was thawed by plunging straws into a 37°C water
bath for 30 s. After thawing, semen was diluted in SOF-m
(50 × 106 spermatozoa mL–1). As described for fresh semen
(exp. 1), a straw was thawed, then diluted in SOF-m (50 ×
106 spermatozoa mL–1). Sperm quality was assessed imme-
diately following dilution in SOF-m (“Time t0”), then 4 and
8 h after dilution (“Times t4 and t8”) (39°C, 5% CO2 in air)
as shown in Fig. 2. 

Motility Analysis
For the assessment of sperm motility, three 2-µL samples of
spermatozoa in SOF-m (~50 × 106 cells mL–1) were deposit-
ed on a warmed (37°C) 10-µm Makler counting chamber
(Sefi-Medical Instruments, Haifa, Israel), which was held
on the motility analyser (Ceros Analyzer, with software ver-
sion 7,4G; Hamilton Thorn Research, Beverly, MA). At
least 200 cells from five random fields were recorded. The
settings used were as follows: frames acquired: 20; frame
rate: 20 Hz; minimum contrast: 10; minimum size: 5; lo/hi
size gates: 0.2 to 2.0; lo/hi intensity gates: 0.2 to 1.8; non-
motile head size: 5; non-motile brightness: 63; medium path
velocity (VAP) value: 95; low VAP value: 20; slow cells
motile: no; threshold (STR): 60. Only progressive and total
motilities were determined for this study.

Viability Assay
Equal volumes of sperm suspension and eosin-nigrosin
solution (3.3 g eosin Y, 20 g nigrosin, 1.5 g sodium 
citrate in 300 mL of water, adjusted to pH 7.0) were 
mixed (Barth and Oko 1989; Cormier et al. 1997). 
Twenty µL of this mixture were smeared onto a clean micro-
scope slide (prewarmed to 37°C) and allowed to 
air dry at 27°C. The sample was covered with Permount
(Fisher Scientific, Fair Lawn, New Jersey) and sealed with
a coverslip. Two hundred spermatozoa were scored per slide
using light microscopy (400×). Sperm coloured pink were
considered non-viable and unstained (clear) cells were
counted as live.

Fig. 1. Outline of the protocol for fresh semen (exp. 1).

Fig. 2. Outline of the protocol for cryopreserved semen (exp. 2).



350 CANADIAN JOURNAL OF ANIMAL SCIENCE

Chlortetracycline Fluorescence Assay
The CTC fluorescence assay used was based on methods
previously described by Ward and Storey (1984) and Pérez
et al. (1996a), who developed the assay for ram spermatozoa.
For the CTC solution, 5 mM cysteine and 750 µM CTC were
diluted in a buffer containing 20 mM Tris base and 130 mM
NaCl (pH 7.8). Prior to use, this solution was filtered
(0.2 µm) then protected from light. For the assay, 15 µL of
CTC solution was mixed with 10 µL spermatozoa diluted in
SOF-m. Then, 0.5 µL of 12.5% (vol/vol) glutaraldehyde
solution prepared in 2.5 M Tris base was added. Ten µL of
this uniformly mixed suspension was placed on a clean
microscope slide and covered with a coverslip. The prepared
slides were kept in a humidified environment at 4°C and
evaluated within 24 h using a fluorescent microscope with
blue-violet illumination (excitation at 400–440 nm and emis-
sion at 470 nm). All slides were prepared in duplicate. A total
of 200 spermatozoa per slide were scored (400×). The CTC
patterns were scored as described by Gillan et al. (1997) with
spermatozoa categorised as follows: “F” or non-capacitated
spermatozoa for those with uniform head fluorescence; “B”
or capacitated spermatozoa for those with fluorescence only
along the acrosome; and “AR” for acrosome-reacted sper-
matozoa with dull fluorescence over the head.

Statistical Analyses
The normality of the data was confirmed, and then analyses
of variance were performed using the General Linear
Models procedure of SAS (SAS Institute Inc. 1990). The
statistical model used to analyse sperm parameters (%
viable, % motile, % progressively motile, and % CTC pat-
tern F, B and AR sperm) for each storage time in extender
(exp. 1, fresh semen) or after thawing (exp. 2, cryopreserved
semen) included the effect of ram (i.e., repetition), dilution
method (i.e., treatment), and duration of incubation in SOF-
m. The two-way interactions among these variables were
also tested and the residual error was the error term. The
model used to assess sperm parameters for each incubation
time in SOF-m included the effect of ram (repetition), dilu-
tion method (treatment), and storage time in extender (for
exp. 1 only). The two-way interactions among these vari-
ables were also tested and the residual error was the error
term. When dilution method was not significant, a reduced
model was used and the two dilution methods were pooled.
When the main effects of the model variables were signifi-
cant, multiple comparisons were conducted using the
Student-Newman-Keuls (SNK) test. Significance was
judged at the probability level of P = 0.05.

RESULTS

Experiment 1: Effect of Glycerol on Fresh Semen
The initial concentrations of the ejaculates and motility were
3.67 × 109 ± 0.58 spermatozoa mL–1 and 84 ± 3.3%, respec-
tively (means ± SE), with less then 25% abnormal sperma-
tozoa for each ejaculate. For exp. 1, the presence or absence
of 7% glycerol in the extender did not affect motility. The
mean progressive and total sperm motility (± SE) are shown
in Fig. 3. The duration of storage in the treatment extender

and the time of incubation in SOF-m affected total motility
(P < 0.0001). Progressive motility decreased with incuba-
tion time in SOF-m (P < 0.0001) and was influenced by the
duration of storage in the extender (± glycerol) only after 6 h
of incubation in SOF-m (P < 0.0001).

Sperm viability was reduced with duration in the extender
and incubation in SOF-m (P < 0.0002 and P < 0.0001;
Fig. 4). However, the presence of glycerol did not signifi-
cantly affect sperm viability. 

Chlortetracycline fluorescence patterns were influenced
by the duration of conservation at 5°C in the extender and
by the time of incubation in SOF-m but not by the addition
of glycerol to the extender (Fig. 5). The percentages of sper-
matozoa showing pattern F (non-capacitated) decreased
with time in the extender at 5°C and incubation in SOF-m
(P = 0.0001), while the percentages of pattern AR sperm
(acrosome-reacted) increased (P = 0.0001). Overall, the per-
centage of pattern B sperm (capacitated) was lower after 8 h
of conservation in the extender (± glycerol; P = 0.05), fol-
lowed by an additional decrease after 24 h (P = 0.05).
During incubation in SOF-m, the percentage of pattern B
sperm increased after 6 h (t6; P = 0.05) followed by a
decrease at 24 h (t24; P = 0.05), regardless of the duration
of storage at 5°C.

Experiment 2: Effect of Preparation Protocol on
the Quality of Cryopreserved Ram Semen
The method of cryoprotectant addition did not significantly
affect thawed sperm quality. However, as in exp. 1, the total
and progressive motilities were reduced during incubation
in SOF-m at 39°C (P = 0.0001; Fig. 6). The viability of
thawed ram spermatozoa was also decreased during incuba-
tion in SOF-m (P = 0.0001; Fig. 6). For the CTC fluores-
cence, the percentages of sperm displaying patterns F
(non-capacitated) and B (capacitated) decreased with time
in SOF-m, as the proportion of sperm with the AR pattern
increased (P = 0.05, Fig. 7).

DISCUSSION
Experiment 1 was conducted to assess the effects of two
types of diluent, one without (Biladyl) and the other with
glycerol (Triladyl), on the physiology of ram sperm during
conservation of liquid semen at 5°C. The main goal of this
first experiment was to test whether the absence of glycerol
from the diluent would improve the quality of the fresh
semen during conservation at 5°C in an egg-yolk diluent,
thereby permitting longer storage. Presently, liquid ram
semen has a fertile lifespan of only about 8 h when con-
served in fresh state. In the second experiment, the effect of
glycerol addition at 30°C (one step) or at 5°C (after an ini-
tial dilution and cooling) was evaluated on the quality of
cryopreserved ram sperm. Several sperm parameters (total
and progressive motility, viability and CTC fluorescent pat-
terns) were assessed during storage in the extender and also
during incubation in a physiological solution that mimicked
the genital tract of the ewe, SOF-m (Pérez et al. 1996a, b;
1997). Therefore, the physiology of the sperm were evaluat-
ed in a “synthetic female tract” to better reflect sperm func-
tion after insemination. Furthermore, in our experiments,
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semen was not washed before incubation in SOF-m in order
to better mimic insemination in the field (Cormier et al.
1997).

The CTC assay was used to assess and follow the physi-
ological changes of the sperm. Chlortetracycline is a fluo-
rescent antibiotic that binds membrane calcium (Saling and
Storey 1979). The distribution of membrane calcium (bound
to proteins and/or lipids) is thought to change during capac-
itation and may be associated with an influx of calcium
leading to the acrosome reaction (Gillan et al. 1997). Sperm
CTC fluorescence patterns appear to be related to the phys-
iological stages (non-capacitated, capacitated, acrosome

reacted) of ram sperm (Pérez et al. 1996a), as with other
species (Ward and Storey 1984; Lee et al. 1987; Fraser et al.
1995). In this study, CTC-stained sperm were scored
according to three staining categories (F, B and AR) as in
the original findings of Saling and Storey (1979) and Ward
and Storey (1984) with mouse sperm. Gillan et al. (1997)
applied the same nomenclature for ram sperm. However,
others have used four CTC-staining patterns for ram sperm
(I, II, III, IV; Pérez et al. 1996a). Form II seems to be unique
to ram sperm and would represent an earlier stage of capac-
itation than form III. In our study, forms I and II were both
counted as pattern F (non-capacitated). 

Fig. 3. Effects of conservation at 5°C in the semen extender and incubation in SOF-m on the percentages of total and progressively motile
ram spermatozoa. Semen was diluted either in Biladyl (0% glycerol) or Triladyl (7% glycerol) and stored for 0, 8, 16 or 24 h at 5°C (TDIL
= 0, 8, 16 and 24, respectively) then diluted in SOF-m at 39°C, 5% CO2 for 0, 6 or 24 h (t). Shown are means ± SE (n = 6). There was no
effect of glycerol (P > 0.7521), and therefore data combined for glycerol treatment are shown. For total motility there was a main effect of
repetition, time in extender or time in SOF-m (P < 0.01). For progressive motility the same effects were observed (P < 0.01), except for time
in the extender.
* Motility differs within storage time in extender at 5°C (TDIL) due to incubation in SOF-m at 39°C at all times (P < 0.05).
a,b,c Motility differs within duration of incubation in SOF-m due to time in the extender (TDIL) at 5°C (P < 0.05).
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Effect of Glycerol on Fresh Semen
In exp. 1, the presence or absence of 7% glycerol in the 
egg-yolk extender did not significantly affect the 
motility parameters or the viability of the sperm, either 
in the extender during storage for 24 h at 5°C or after 
dilution in SOF-m for 24 h at 39°C. There was an increase
in pattern B after 6 h in SOF-m, followed by a decrease 
after 24 h in SOF-m, suggesting that as sperm undergo 
spontaneous acrosome-reactions, the proportion of 
pattern B decreases. Also, no differences in CTC pattern
distribution among the sperm were observed due to glycerol,
although Slavik (1987) showed that the acrosome reaction
of ram sperm is accelerated by glycerol, which was 
postulated as one of the causes of lower conception rates
after insemination with frozen ram sperm. Abdelhakeam
et al. (1991) found that the addition of glycerol 
(3%) decreased lambing rates from 83 to 41%. However, 
we observed no apparent effect of over twofold higher glyc-

erol concentrations on the function of fresh sperm. The dam-
aging effect of glycerol on sperm is considered to be most-
ly related to its osmotic impact. Upon glycerol addition, the
cells rapidly shrink, which is associated with the release of
intracellular water. A slower return to the original volume
follows, as the glycerol penetrates into the sperm
(Hammerstedt et al. 1990). 

However, in vitro tests done on semen are not always
related to the fertility of semen in vivo (Colas 1975; Tardif
et al. 1999). It is possible that the impact of glycerol is with-
in the female genital tract. In our study, the incubation in
SOF-m was conducted in order to mimic the environment in
vivo. Many proteins of the female reproductive tract interact
with sperm (Abe et al. 1995) and the reproductive tract
secretions of the ewes can capacitate ram sperm in vitro
(Chavarria and Reys 1996). Thus it is possible that the
reduced fertility of ram semen in vivo with glycerol was not
reflected in our in vitro conditions, despite efforts to mimic

Fig. 4. Effect of conservation at 5°C in the semen extender and incubation in SOF-m on the percentages of viable ram spermatozoa. Semen
was diluted either in Biladyl (0% glycerol) or Triladyl (7% glycerol) and stored for 0, 8, 16 or 24 h at 5°C (TDIL = 0, 8, 16 and 24 h, respec-
tively) then diluted in SOF-m at 39°C, 5% CO2 0, 6 or 24 h. Shown are means ± SE (n = 6). The presence or absence of glycerol did not
affect sperm viability at any time point (P > 0.8021) and so treatments were combined. There was a main effect of repetition, time in the
extender or time in SOF-m (P < 0.01). 
* Viability differs within storage time in extender at 5°C (TDIL) due to incubation in SOF-m at 39°C at all times (P < 0.05).
a,b,c Viability differs within duration of incubation in SOF-m due to time in the extender (TDIL) at 5°C (P < 0.05).
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the in vivo environment. It is also possible that glycerol
reduces the fertility of fresh ram semen due to the effects on
the ewe, which were not examined in this study. Previous

reports have suggested that glycerol irritates the female gen-
ital tissues (Tajima et al. 1989; Abdelhakeam et al. 1991;
Hammerstedt and Graham 1992), which could reduce fertil-

Fig. 5. Effect of conservation at 5°C and subsequent incubation in SOF-m on the distribution of CTC-patterns of fresh spermatozoa (means
± SE; n = 6). The presence or absence of glycerol did not affect the distribution of CTC patterns during storage at 5°C or in SOF-m 
(P > 0.2797) and so treatments are pooled together. There was a main effect of repetition, time in the extender or time in SOF-m for all three
patterns (P < 0.01).
* Patterns differ within storage time in extender at 5°C (TDIL) due to incubation in SOF-m at 39°C at all times (P < 0.05) unless 
indicated1. 
a,b,c CTC pattern differs within duration of incubation in SOF-m due to time in the extender (TDIL) at 5°C (P < 0.05).
1Pattern B: Duration of incubation in SOF-m at 6 h was different for TDIL = 8 and TDIL = 16 and duration of incubation of 24 h in SOF-
m was significantly different for TDIL = 24 (P < 0.05).
Pattern AR: Only 24 h of incubation was significantly different for TDIL = 0 and TDIL = 8 (P < 0.05)
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ity. However, in our experiment, no putative contraceptive
effect was observed on ram semen in vitro.

Effect of Glycerol Addition Protocol during
Cryopreservation on Sperm Quality
From the results obtained in the experiment with cryopre-
served semen, it is concluded that the addition of glycerol

either immediately after collection (one-step) or at 5°C
(two-step) does not affect the subsequent quality of frozen-
thawed ram sperm assessed by motility, viability and CTC-
patterns. Our results agree with those of Branny et al. (1966)
[reviewed by Salomon and Maxwell (1995)] and Mattos et
al. (1982) [reviewed by Salomon and Maxwell (1995)], who
reported no differences when glycerol was added at either

Fig. 6. Effect of a one- or two-step method of dilution on the percentages of viability, total and progressively motile ram spermatozoa after
thawing. Semen was cryopreserved (Biladyl, two-step method with glycerol added at 5°C; Triladyl, one step method with glycerol added
immediately after collection at 37°C), stored, thawed and then incubated in SOF-m at 39°C (in 5% CO2 in air). Shown are means ± SE 
(n = 7). Method of dilution did not affect sperm motility at any time (P > 0.3351), and so the treatments are pooled together. Viability, total
and progressive motilities changed due to the duration of incubation in SOF-m at 39°C at all times (P < 0.05). There was also a main effect
of repetition (P < 0.01).

Fig. 7. Effect of a one- or two-step method of dilution on the distribution of CTC-patterns F, B and AR of ram spermatozoa. Semen was
cryopreserved (Biladyl, two-step method with glycerol added at 5°C; Triladyl, one-step method with glycerol added immediately after col-
lection at 37°C), stored, thawed and then incubated in SOF-m at 39°C (5% CO2. in air). Shown are means ± SE (n = 7). Method of dilution
did not affect CTC-patterns at each time point (P > 0.8072) and so treatments are pooled. The proportion of each CTC-pattern differs due
to the duration of incubation in SOF-m at 39°C at all times (P < 0.05). There was a main effect of repetition (P < 0.01).
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32 or 3°C and 22 or 5°C, respectively. Similarly, in other
reports, no differences were observed for bovine sperm
glycerated at 5, 10, 20 or 35°C (Salisbury et al. 1978) and
the quality of cryopreserved dog sperm was not influenced
by a glycerol exposure at either 37 or 4°C (Pena et al. 1998).

However, the results of exp. 2 contradict Blackshaw
(1960) and Colas (1975), who found that the addition of
glycerol at 5 and 4°C, respectively, was more suitable for
cryopreservation of ram sperm than addition of glycerol at
30°C. According to Colas (1975), glycerol toxicity on ram
sperm is reduced when added at a temperature near 0°C.
Despite those findings, the addition of glycerol in a one-step
dilution close to body temperature is practical and is a wide-
ly used method of preparing ram semen for freezing (Evans
and Maxwell 1987).

It is well known that freezing and thawing of ram sperm
lead to severe cellular changes, including altered membrane
integrity, reduced motility and fertilising ability [reviewed
by Maxwell and Watson (1996)]. Immediately after thawing
and diluting in SOF-m, spermatozoa showed more B (capac-
itated) and AR (acrosome reacted) patterns than in fresh
semen (Fig. 8). Therefore, the majority of the sperm were
already capacitated after thawing. Watson (1995) suggested
that freezing-thawing cause sperm to bypass certain normal
processes and resemble capacitated cells. Bailey et al. (2000)
hypothesised that cryopreservation actually induces capaci-
tation (“cryo-capacitation”). Our results support these theo-
ries and previous data obtained with bulls (Cormier et al.
1997) and rams (Pérez et al. 1996b; Gillan et al. 1997) that
showed cryopreservation accelerates or induces capacitation.

CONCLUSION
Glycerol is mainly reserved for cryopreserved semen, which
is likely why there are few studies on its effects during fresh
semen conservation. Despite previous reports of glycerol’s
negative effects on sperm function, the present study used
several in vitro assays of sperm quality over time in physio-
logical conditions and did not observe any detrimental
impact of glycerol. However, for the ovine industry to fully
reap the benefits of artificial insemination with both fresh
and cryopreserved ram semen, further investigations in vivo
should test the effect of the presence and inclusion method
(time and temperature) of glycerol.
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