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Summary: The aim was to verify the efficiency of different glycerol concentrations (1%, 3%, and 5%) for cryopreservation of stallion semen.
After semen collection, sperm cells were evaluated for motility and acrosin activity. The semen was divided into three equal parts and resu-
spended in freezing diluent without glycerol in a 1:1 proportion and were incubated for 20 minutes at room temperature. Immediately after
centrifugation for 10 minutes at 600g and discarding the supernatant, each pellet was diluted with the same diluent and further centrifuged
for 10 minutes. After the second centrifugation, each pellet received freezing glycerol-containing diluent under concentrations of 1%, 3%,
and 5% and was loaded in 4mL macro-tubes. These macro-tubes were placed in liquid nitrogen vapor for 15 minutes for immediate
immersion in liquid nitrogen and storage at -196°C. After thawing at 50°C for 40 seconds, semen samples were initially evaluated for
sperm motility and acrosin activity. Moreover, semen was also incubated at 37ºC and evaluated for sperm motility after 60 and 120 minu-
tes in a thermoresistance test (TRT). Immediately after thawing and during the TRT, both progressive and total sperm motility was lower in
1% glycerol (P<0.05) than those frozen with 3 and 5% of this cryoprotectant, while there was no difference (P>0.05) between these two
later concentrations. The acrosin activity in fresh semen was only greater (P<0.05) than those frozen with 1% glycerol that was also lower
than both semen with 3% and 5% of this cryoprotectant, although there was no difference (P>0.05) between these later glycerol concen-
trations. In conclusion, based on sperm motility and acrosin activity, that 3% and 5% glycerol concentrations are suitable for stallion semen
cryopreservation.
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Introduction

During the process of cryopreservation, sperm cells are expo-
sed to diverse stress conditions, with great variation of tempe-
rature that is non-physiological. Furthermore, there is forma-
tion and dissolution of ice crystals during the cryopreservation
process, that further compromises sperm cell viability (Holt
2000, Watson 2000). Due to this reason, diluent media are
formulated with extracellular and intracellular cryoprotectants,
to protect sperm cells and minimizes damage provoked during
freezing and thawing processes (Amann and Pickett 1987).

Among several intracellular cryoprotectants, glycerol is the
mostly used penetrating agent in diluent media for semen cry-
opreservation for most domestic species. This substance is a
polyhydric alcohol that is highly permeable and has the capa-
city of making osmotic dehydration slower during cryopreser-
vation, thus impeding the formation of large intracellular ice
crystals (Watson 2000). However, the toxicity of glycerol can
lead to protein denaturation, may cause changes in cytoplas-
mic events, and alterations in the sperm membrane (Curry
2000, Holt 2000).

Some authors established variable glycerol concentrations,
from 3.5% (Nagase et al. 1966b), 4% (Rajamannan et al,
1968), or 5% (Martin et al 1979).These studies gained the

attention of other researchers that used different concentra-
tions of this cryoprotectant in order to minimize the damage
of freezing/thawing in sperm cells (Nishikawa et al. 1968,
Nishikawa et al. 1972, Pace and Sullivan 1975, Guay et al.
1981, Cochram et al. 1984, Amann and Picket 1987, Wat-
son 1995, Vidament et al. 2001).

Since the report of Smith and Polge (1950), the leading pro-
blem of semen cryopreservation has been linked to short-lived
sperm motility after thawing. Both Merkt and Krause (1966)
and Nagase et al. (1966a) reported lower sperm motility after
thawing (within 20 to 30%) for horse semen cryopreserved as
pellets. Even after the advent of straws (Nishikawa et al.
1968) and macro-tubes (Martin et al. 1979), as replace-
ments of pellets for semen storage, these methods give better
protection to the sperm cell during cryopreservation (Vieira
and Klug 1982). However, a significant decrease in sperm
motility is still observed after semen thawing under such con-
ditions (Santos et al. 2015).

Since the factors that determine the fertilizing potential of tha-
wed semen cannot be wholly elucidated by routine methods
used in clinics or reproduction centers (López-Fermandez et
al. 2007), other far more sophisticated sperm parameters
have been experimentally included in semen evaluation pro-
tocols (Ferreira et al. 2018). However, even without taking



into consideration the impossibility of adopting such proto-
cols in the daily routine of andrological examinations due to
its limited practicability, these evaluations have limited poten-
tial due to its high cost and the requirement of sophisticated
equipment (Enciso et al. 2006, Ferreira et al. 2018).

Acrosin is a proteolytic enzyme found in the sperm acrosome
(Penn et al. 1972) that is important during the process of fer-
tilization (Bedford 1968). Its activity was also described by
Wendt et al. (1975) and was later measured in horse sperm
cells by Vieira and Klug (1982). In contrast to other tests, it
does not require for sophisticated equipment and its activity is
also directly related to acrosome integrity (Penn et al. 1972,
Wendt et al. 1975, Ferreira-Silva et al. 2018).

In light of the facts above, the aim was to evaluate the effect
of different glycerol concentrations on stallion semen cryopre-
servation, using motility and acrosin activity as sperm para-
meters to validate an adequate concentration of this cryopro-
tectant on the freezing diluent.

Material and methods

The semen of two Hanoverian stallions, with ages of six and
ten years, under a breeding regimen, were used for testing
different glycerol concentrations for sperm cryopreservation.
The semen collection was carried out twice a week with an
artificial vagina warmed approximately at 42°C and also
using teasing mares.

Ejaculates (n=20), where 10 of each stallion, were initially
filtered to discard the gel and the volume was measured in a
tube with a measuring scale. Immediately after, a semen ali-
quot of fresh semen was obtained to evaluate the semen for
motility, concentration, supravital coloring, and sperm cell
morphology in a contrast-phase microscope with a heated
stage. These evaluations were performed by an experienced
evaluator that was unaware of the experimental conditions as
according to the previous report by Fayrer-Hosken et al.
(2008). The acrosin activity was determined by the method
described by Vieira and Klug (1982).

The semen was added to an 11% lactose solution in a 1:1
proportion and remained at room temperature for 20 minutes
(Martin et al. 1979). Immediately after this period, the semen
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was divided into three equal parts and further distributed in
three glass tubes for centrifugation for 10 minutes at 600g.
After discarding the supernatant, each pellet was re-diluted
with the same diluent and again centrifuged for 10 minutes.

After the second centrifugation, the pellets were diluted in
freezing diluent [50mL of 11% lactose solution; 25mL of
MERCK diluent (Merck-Verdünnungsmischung I für Ebersper-
ma mit Antibiotika-Zusatz; Fa. Merck, Darmstadt - Germany);
20mL of egg yolk; 0.8mL of Orvus-Paste (Equex STM, Fa.
Procter&Gamble, Cincinnati, Ohio, USA) according to Mar-
tin et al. (1979). Moreover, the freezing diluent was glycero-
lized (1, 3 or 5% glycerol) and semen samples were resu-
spended to obtain a final concentration of 200×106 viable
sperm cells mL-1. 

After thawing at 50°C for 40 seconds, semen samples were
initially assessed for sperm motility and acrosin activity Imme-
diately after, the semen was incubated at 37ºC and evalua-
ted for motility at 60 and 120 minutes in a thermoresistance
test (TRT). 

The data were analyzed for normality distribution by the Sha-
piro-Wilk test. The data in percentages was transformed by
arc sen √ and were further subject to ANOVA. Comparison of
means was performed using the Tukey - Krammer test with
significance level of 5%.

Results 

Despite not being used for the statistical analysis, the data
collected as percentages of sperm motility, acrosome altera-
tions, and acrosin activity are displayed, at all tables, inside
parenthesis and immediately below the data transformed by
the arc sen √. 

The progressive sperm motility did not differ between the fresh
semen and the semen that was mixed with diluent after two
centrifugation steps, independently of glycerol concentration.
For both fresh semen and that pre-frozen samples of the two
stallions, this motility was higher (P<0.05) than the thawed
semen, irrespectively of glycerol concentration and the stallion. 

Immediately after thawing, sperm motility using 1% glycerol
was lower (P<0.05) than those from 3 and 5% glycerol, whi-

 

Table 1     Mean values (x ± SD) of data transformed by arc sen ! and as percentages in parenthesis of progressive sperm motility as fresh, pre-
freezing, and thawed samples. 

                      Pre-Freezing                       Post-Freezingx(Thawed) 
  

Animal 
Fresh 

 
Glycerol 

1% 
Glycerol 

3% 
Glycerol 

5% 
Glycerol 

1% 
Glycerol 

3% 
Glycerol 

5% 

1 
0.66±0.03A 
(61.5%±8.1) 

0.57±0,02A 

(54.5%±5.5) 
0.57±0.02A 

(54.0%±6.1) 
0.60±0.02A 
(57.0%±7.1) 

0.27±0.01BC 

(27.5%±4.2) 
0.36±0.02BD  
(35.5%±6.8) 

0.38 0.01BD 
(55.5%±6.4)  

2 
0.53±0.01A 

(51.0%±4.5) 
0.56±0.02A 
(53.0%±6.3) 

0.52±0.02A 
(50.0%±5.7) 

0.50±0.01A 

(48.0%±4.2) 
0.28±0.02BC 
(28.0%±6.7) 

0.36±0.01BD 
(36.0%±5.6) 

0.37±0.01BD 
(36.5%±4.1) 

Total 
(1 + 2) 

0.60±0.02A 

(56.2%± 8.4) 
0.56±0.01A 

(53.7%±5.8) 
0.54±0.01A 
(52.0%±6.1) 

0.55±0.01A 

(52.5%±7.3) 
0.28±0.01BC 

(27.7%±5.4) 
0.36±0.01BD 

(35.7%±6.1) 
0.37±0.01BD 

(36.7%±4.9) 

Different superscript letters (AB, CD) on the same line denote difference (P < 0.05). 

 



le no difference was found (P>0.05) between these two hig-
her concentrations (Table 1).

The total sperm motility did not differ among the fresh semen
and those mixed with diluent after two centrifugation steps,
independently of glycerol concentration. For both fresh
semen and pre-freezing samples of both stallions, this motility
was greater (P<0.05) than those thawed samples, independ-
ently of glycerol concentration and the stallion. 
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Immediately after freezing, semen motility from 1% glycerol
was lower (P<0.05) than those from 3 and 5% glycerol, whi-
le no difference (P>0.05) was found between these two hig-
her concentrations (Table 2).

The acrosome alterations evaluated only in fresh semen did
not differ (P>0.05) between stallions and neither showed
correlation (P>0.05) between such alterations and acrosin
activity in fresh semen (r=0.28) and thawed with diluents

                   

Table 4      Mean values (x ± SD), of data transformed by arc sen ! and as percentages in parenthesis of sperm motility during a thermoresistance 
test. 

                                                                                                                 Semen  

             Animal 1          Animalx2  
  

     Minutes 
Glycerol 

1% 
Glycerol 

3% 
Glycerol 

5% 
Glycerol 

1% 
Glycerol 

3% 
Glycerol 

5% 

0 
0.45±0.02A 

(43.5%±7.0) 

0.55±0.02B 

(52.5%±5.8) 

0.60±0.01B 

(56.5%±4.1) 

0.35±0.01A 

(35.0%±4.0) 

0.53±0.02B 

(51.0%±5.6) 

0.54±0.02B 

(51.5%±6.6) 

60 
0.20±0.02A 

(20.0%±7.0) 

0.35±0.02B 

(34.5%±6.8) 

0.35±0.01B 

(34.5%±3.6) 

0.14±0.01A 

(14.0%±3.9) 

0.30±0.02B 

(30.0%±7.0) 

0.27±0.01B 

(27.0%±5.3) 

120 
0.07±0.01A 

(7.7%±4.5) 

0.17±0.01B 

(17.0%±5.8) 

0.15±0.01B 

(15.0%±4.7) 

0.02±0.00A 

(2.0%±2.5) 

0.12±0.02B 

(12.5%±7.5) 

0.09±0.01B 

(9.5%±5.5) 

Different superscript letters (AB, CD) on the same line denote difference (P < 0.05). 

 

 

Table 3      Mean values (x ± SD) of data transformed by arc sen ! and as percentages in parenthesis of acrosome alterations and acrosin activity 
as fresh, pre-freezing, and thawed samples. 

                       Acrosin  

                                 Acrosome               ThawedxSemen   

     Animal  
Fresh 
semen 

Fresh 
semen 

Glycerol 
1% 

Glycerol 
3% 

Glycerol 
5% 

1 
0.03 ±1.45 

(3.38% ± 1.45) 

1.08 ±0.06A 

(86.7%±9.3) 

0.75±0.06B 

(67.4%±15.5) 

0.96±0.05AB 

(80.8%±10.4) 

0.94±0.06AB 

(79.3%±12.6) 

2 
0.03 ±0.01 

(3.67% ± 1.28) 

0.94±0.05A 

(79.7%±10.5) 

0.75±0.05B 

(67.8%±13.5) 

0.84±0.04AB 

(74.1%±10.1) 

0.84±0.05AB 

(74.0%±11.4) 

Total 

(1 + 2) 

0,03 ±0,01 

(3.53% ± 1.30) 

1,01±0,04A 

(83.2%±10.3) 

0,75±0,04B 

(67.6%±13.2) 

0,90±0,03AB 

(77.4%±10.5) 

0,89±0,04AB 

(76.7%±12.0) 

Different superscript letters (AB, CD) on the same line denote difference (P < 0.05). 

 

 

Table 2       Mean values (x ± SD) of data transformed by arc sen ! and as percentages in parenthesis of sperm total motility as fresh, pre-
freezing, and thawed samples. 

Animal    Semen    
                                                Pre-Freezing                  Post-Freezingx(Thawed)       

 
Fresh 

 
Glycerol 

1% 
Glycerol 

3% 
Glycerol 

5% 
Glycerol 

1% 
Glycerol 

3% 
Glycerol 

5% 

1 
0.88±0.02A 

(77.0%±4.2) 

0.82±0.02A 

(54.5%±5.5) 

0.80A±0.02A 

(54.0%±6.1) 

0.82±0.03A 

(57.0%±7.1) 

0.45±0.02BC 

(44.0%±6.9) 

0.55±0.02BD 

(52.5%±5.8) 

0.59±0.02BD 

(55.5%±6.4) 

2 
0.74± 0.01A 

(67.5%±4.2) 

0.77±0.02A 

(53.0%±6.3) 

0.754±0.02A 

(50.0%±5.7) 

0.70±0.02A 

(48.0%±4.2) 

0.35±0.01BC 

(35.0%±4.0) 

0.53±0.02BD 

(51.0%±5.6) 

0.54±0.02BD 

(51.5%±6.6) 

Total 

(1 + 2) 

0.81±0.02A 

(72.2%±6.3) 

0.80±0.01A 

(71.5%±6.0) 

0.78±0.01A 

(70.2%±5.2) 

0.76±0.02A 

(69.0%±7.5) 

0.40±0.01BC 

(39.5%±7.2) 

0.54±0.01D 

(51.7%±5.6) 

0.56±0.01D 

(53.5%±6.7) 

Different superscript letters (AB, CD) on the same line denote difference (P < 0.05). 

 



containing 1% (r=0.41), 3% (r=0.49), and 5% glycerol
(r=0.47) (Table 3).

The acrosin activity in fresh semen, irrespectively of the stal-
lion, was only greater (P<0.05) than those semen samples
that were frozen using the diluent containing 1% glycerol
(Table 3). 

The total sperm motility of frozen samples with diluent contai-
ning 1% glycerol was lower (P<0.05) the 3% and 5% on the
TRT, independently of the stallion. Furthermore, the semen
containing concentrations of 3% and 5% of this cryoprotec-
tant, immediately after thawing and after 60 and 120 minutes
of the TRT (Table 4).

Diskussion

The initial hypothesis of this study was that sperm motility
immediately after thawing, independently of glycerol concen-
tration, should be reduced after thawing, as previously obser-
ved by several authors (Merkt and Krause 1966, Nagase et
al. 1966a, Bader and Mahler 1968, Nishikawa et al. 1968,
Blobel and Klug 1975, Martin et al. 1979, Ferreira-Silva et
al. 2018). The acrosin activity was also described to be lower
after semen thawing, as mentioned by Vieira and Klug (1982)
and Ferreira-Silva et al. (2018). Such an expectation was
established on the fact that cryoprotectant agents did not
offer absolute protection to sperm cells during freezing and
thawing steps. The results described here confirmed the hypo-
thesis above since the motility was significantly reduced after
thawing, probably due to several types of cellular injuries pro-
voked during both freezing and thawing steps.

A similar reasoning was adopted when elaborating the pro-
ject that led to this experiment. It was envisioned that the 1%
glycerol concentration would allow reduced protection of
sperm cells, a hypothesis that was contemplated mainly by the
demonstration that this glycerol concentration does not pro-
tect sperm cells adequately. This statement is supported by
sperm motility and acrosome integrity data, and low acrosin
activity, that were collectively lower after thawing. Concerning
sperm motility, these findings described here are not in agree-
ment with those previously reported by Nagase et al. (1966b)
and Guay et al. (1981) but agrees with more recent findings
by Hoffmann et al. (2011).

A hypothesis that the 5% glycerol concentration could have
been detrimental to sperm motility due to its toxicity that pro-
motes, among other alterations, protein denaturation and
modification of cytoplasmatic events of sperm cells (Hammer-
stedt and Graham 1992, McLaughin et al. 1992, Curry
2000, Holt 2000). However, the data described here do not
support this possibility since the motility, both progressive and
total, and acrosin activity were not significantly affected. This
fact was also observed by Fayer-Hosken et al. (2008) and
Fayer-Hosken and Christian (2014) when using 6 % and 7 %
glycerol, respectively. To our knowledge, these glycerol con-
centrations are the highest ones that can efficiently used for
equine semen cryopreservation. These findings showed that
the integration between diluent media formulation and cryo-
protectant must have happened adequately and was crucial
for not depriving sperm activity after thawing.
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The initial idea that the glycerol concentration equivalent to
3% should be acceptable since it would protect sperm cells
more efficiently than 1% without the possible toxicity of a 5%
concentration was partially supported. It indeed confers gre-
ater protection to sperm cells than 1%; however, it displays
the same efficiency than 5%, at least for the sperm parame-
ters described above. This finding allows admitting that the
concentration of 3% glycerol avoids the occurrence of impor-
tant alterations in cytoplasmatic events since sperm motility
and acrosin activity were unaltered after thawing. This state-
ment is in agreement with a recent report by Ooldenhof et al.
(2017), who found an optimum glycerol concentration bet-
ween 2.3 % and 4.6 %.

The ability of the stallion sperm cell after thawing to reach the
ampulla of the oviduct is lower than fresh semen (Bader
1982). Due to this reason, the TRT forms an in vitro setting
that reasonably allows evaluating the sperm cell potential to
be transported to the site of fertilization. Therefore, it is fun-
damental that the semen after thawing maintains a minimum
quality to be used for artificial insemination (AI). That is the a
reason why it was initially established that the semen after tha-
wing must display a minimum motility of 20% (Tischner 1979)
and more recently 30% (Loomis and Graham 2008, Hoff-
mann et al. 2011, Ferreira et al. 2018).

In light of these findings, it is possible to state that the semen,
immediately after thawing and independently of glycerol con-
centration, displayed the minimum parameters required for
AI. However, during the TRT, only the semen frozen with the
diluent containing 3% glycerol, even after 60 minutes of the
test, showed minimum motility as established by Loomis and
Graham (2008), Ferreira et al. (2018) for thawed semen. Sin-
ce sperm transport in the mare reproductive tract occurs
rapidly and that after 60 minutes of the TRT, sperm motility of
the semen with the 5% glycerol concentration still displayed
almost 30% motility. Due to this fact, it is also possible to
admit its usage for AI. 

Other studies could be done using larger number of stallions,
estimating the effect of breed or with stallions of varying
semen freezing ability (Ferreira et al. 2018). These studies
may provide new information about the most promising gly-
cerol concentration for equine semen cryopreservation. 

Finally, the results obtained in this study allow the conclusion,
based on sperm motility and acrosin activity, that 3% and 5%
glycerol concentrations are suitable for stallion semen cryo-
preservation.
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