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Abstract: Recently the importance of cryopreservation
to preserve the genes of extremely rare or endangered
species has been increasing. Many spermatozoa can
be obtained from one male. And strains can be estab-
lished by in vitro fertilization and embryo transfer after
thawing. Cryopreservation of spermatozoa is conducted
in domestic animals and laboratory animals, but there
has been almost no report about Mongolian gerbil sper-
matozoa. In this study, we examined the following: 1)
Experiment 1 examined sperm viability and motility ob-
tained with various concentrations of cryopreservation
solution. 2) Experiment 2 compared the sperm viability
obtained by two different methods of sperm collection.
3) Experiment 3 compared the effect of two different
methods of sperm collection on sperm mobility and hy-
peractive movement. In Experiment 1, both the viability
and motility obtained with mixtures of 1) 15% (w/v) raffi-
nose and 5% (w/v) skim milk, 2) 10% (w/v) raffinose and
4% (v/v) glycerol, 3) 10% (w/v) raffinose and 4% (v/v)
ethylene glycol were higher than those obtained with
other mixture solutions. In Experiments 2 and 3, a mix-
ture of 15% (w/v) raffinose and 5% (w/v) skim milk by
the swim-up method was shown to result in high viabil-
ity, motility and hyperactive movement. Moreover,
hyperactive movement was highest after 2 hours in the
control, whereas freezing spermatozoa showed their
highest hyperactive movement after 1 hour.
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Recently the importance of cryopreservation to pre-
serve the genes of extremely rare or endangered species
has begun to increase. Many spermatozoa can be ob-
tained from one male. And strains can be established by
in vitro fertilization and embryo transfer after thawing.
Spermatozoa can also be obtained without superovula-
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tion and handling is easy.

Mongolian gerbils (Meriones unguiculatus) are used
as laboratory animals and there have been a few re-
ports regarding various experiments [1, 4, 9].
Cryopreservation of spermatozoa has been achieved
for most laboratory animals [2, 3, 5-8, 10], but there
has been almost no report about cryopreservation of
Mongolian gerbil spermatozoa.

In this study we examined the following:

1) Experiment 1 examined the viability and motility
obtained with various concentrations of
cryopreservation solution.

2) Experiment 2 compared the sperm viability obtained
by two different methods of sperm collection.

3) Experiment 3 compared the effect of two different
methods of sperm collection on sperm mobility and
hyperactive movement.

Materials and Methods

Animals

Mongolian gerbils were self-breeding in our labora-
tory. The animals were housed in polycarbonate cages
(Seobit Co. Ltd., Tokyo, Japan) bedded with soft tip
(Japan SLC Co. Ltd., Shizuoka, Japan) under conven-
tional conditions. Their light day was from 6:00 to 18:00
(L: 12, D: 12). The diets were standard laboratory diet
(FI: Funabashi Farm. Co. Ltd., Chiba, Japan) and fresh
water was provided ad libitum and formula feeds
(Tsubue: Nippon Nosan Kogyo Co. Ltd., Kanagawa. Ja-
pan) were provided every other day.

Sperm preparation
Male Mongolian gerbils, 5 to 8 month old, were used.
The animals were killed by cervical dislocation and sper-
matozoa were obtained from the cauda epididymides at
room temperature. The following two methods of sperm
collection were used:
1) Spermatozoa were collected by mincing the cauda
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epididymides in a watch dish containing
cryopreservation solution (mincing method).

2) The cauda epididymides were placed in mineral oil
and punctured with a 22-gauge needle. Fifty ul of
sperm mass was placed in the bottom of a vial and
overlaid with 3.0 ml cryopreservation solution. Sper-
matozoa that rose were collected (swim-up method).

Experiment 1 used the mincing method. Experiments
2 and 3 used both the mincing method and the swim-up
method.

Freezing and thawing spermatozoa

The procedures for cryopreservation of spermatozoa
were the same as those reported by Nakagata [2]. Af-
ter sperm collection, TYH and the sperm suspension
were aspirated into a plastic straw (volume 0.25 ml),
separated by air. The plug end was sealed with polyvi-
nylpyrrolidone. The samples were first cooled by putting
them into the neck of the container. The samples were
then plunged directly into liquid nitrogen, where they
were stored for 1—4 days till thawing. At that time, the
samples were removed from the liquid nitrogen and
thawed in water (22~25°C).

Expt 1: Viability and motility obtained with various con-
centrations of cryopreservation solutions

Cryopreservation solution: The cryopreservation so-
lutions used in this study consisted of a mixture of
raffinose (18%~10% (w/v)) and skim milk (10%~3% (w/
v)), a mixture of raffinose (18%~10% (w/v)) and ethyl-
ene glycol (10%~4% (v/v)) and a mixture of raffinose
(18%~10% (w/v)) and glycerol (10%~4% (v/v)).

Viability and motility assays: For the viability assay,
the contents of the straw were placed into a watch dish
after thawing. The thawed sperm suspension was then
introduced into a drop of TYH medium that was covered
with mineral oil equilibrated with 5% CO, in air at 38.5°C.
Then propidium iodide (10 ul) was put into the drop of
TYH medium and the suspention was cultured in the
incubator under 5% CO, in air at 38.5°C for 5-10 min-
utes. After culture, the sperm suspension (10 ul) was
transferred from the drop to a slide glass. Then viability
was judged with a fluorescent microscope. Spermato-
zoa with heads that fluoresced red were considered to
be dead. The number of viable sperm was calculated
as (the total number of sperm—the number of dead
sperm) + the total number of sperm x 100.

For a motility assay, the straw contents were replaced
in a watch dish after thawing. The thawed sperm sus-
pension (10 ul) was then introduced into a drop of TYH
medium that was covered with mineral oil equilibrated

with 5% CO; in air at 38.5°C. The sperm suspension (10
ul) was transferred from the drop to a slide glass. Sperm
motility was counted with a phase-contrast microscope.
The number of motile sperm was calculated as the num-
ber of motile sperm + the total number of sperm x 100.

Expt 2: Effect of sperm collection method on sperm
viability

Spermatozoa were collected at room temperature.

Cryopreservation solution: The cryopreservation so-
lution that gave the best viability and best motility in
Expt 1 was used.

Viability assay: The viability assay was done as
described in Expt 1.

Expt 3: Effect of culture time and sperm collection
method on sperm motility and hyperactive movement

The cryopreservation solution was the same as that
used in Expt 2.

Motility and hyperactive movement assays: After
thawing, the straw contents were placed in a watch dish.
The thawed sperm suspension (10 ul) was then intro-
duced into a drop of TYH medium that was covered
with mineral oil equilibrated with 5% CO. in air at 38.5°C.
The sperm suspension (10 ul) was transferred from the
drop to a slide glass after different culture times. The
motility and the hyperactive movement were counted
with a phase-contrast microscope. The number of mo-
tile sperm was calculated as the number of motile sperm
+ the total number of sperm x 100.

The number of hyperactive sperm was calculated as
the number of hyperactive sperm + the number of mo-
tile sperm x 100.

Statistical analysis: The viability rate after thawing
was compared by means of a chi-square test.

Results

Expt 1: Viability and motility obtained with various con-
centrations of cryopreservation solution

The viability and motility obtained with three
cryopreservation solutions are shown in Tables 1, 2 and
3.

As shown in Table 1, both the viability and maotility
obtained with a mixture of 15% (w/v) raffinose and 5%
(w/v) skim milk were higher than those obtained with
other cryopreservation solutions. Viability and motility
were 14.2% and 25.5%, respectively.

As shown in Table 2, both viability and motility ob-
tained with a mixture of 10% (v/v) raffinose and 4% (v/
v) glycerol were higher than those obtained with other
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Table 1. Effect of various mixtures of raffinose and skim milk on the viability and motility

of Mongolian gerbil spermatozoa

Cryopreservation solution? No. of No. of living Viability Motility

R S sperm? sperm? (%) (%)
18% + 3% 1580 84 53 232
15% + 3% 978 112 11.5 225
15% + 5% 1087 154 14.2 25.5
15% + 10% 921 49 53 49
10% + 3% 1194 47 3.9 7.6
10% + 5% 642 61 9.5 225
10% + 10% 438 37 8.4 16.9

1): R, raffinose; S, skim milk. 2): Number of sperm examined. 3): The number of living
sperm was the total number of sperm — the number of dead sperm.

Table 2. Effect of various mixtures of raffinose and glycerol on the viability and motility

of Mongolian gerbil spermatozoa

Cryopreservation solution? No. of No. of living Viability Motility

R G sperm? sperm? (%) (%)
18% + 7% 954 80 8.4 9.1
15% + 4% 990 96 9.7 9.4
15% + 7% 1035 67 6.5 0.0
15% + 10% 919 76 8.3 1.0
10% + 4% 787 95 121 11.5
10% + 7% 842 73 8.7 3.5
10% + 10% 929 65 7.0 0.0

1): R, raffinose; G, glycerol. 2): Number of sperm examined. 3): The number of living sperm
was the total number of sperm — the number of dead sperm.

Table 3. Effect of various mixtures of raffinose and ethylene glycol on the viability and
motility of Mongolian gerbil spermatozoa

Cryopreservation solution? No. of No. of living Viability Motility

R E sperm? sperm? (%) (%)
18% + 7% 443 23 52 0.0
15% + 4% 619 53 8.6 7.3
15% + 7% 345 27 7.8 0.0
15% + 10% 621 25 4.0 22
10% + 4% 601 53 8.8 9.3
10% + 7% 692 30 43 1.7
10% + 10% 541 23 43 0.0

1): R, raffinose; E, glycol ethylene. 2): Number of examined sperm. 3): The number of living
sperm was the total number of sperm — the number of dead sperm.

mixture solutions. Viability and motility were 10.7% and
11.5%, respectively.

As shown in Table 3, both viability and motility ob-
tained with a mixture of 10% (v/v) raffinose and 4% (v/
v) ethylene glycol were higher than those obtained with
other cryopreservation solutions. Viability and motility
were 8.8% and 9.3%, respectively.

Expt 2: Effect of sperm collection method on sperm
viability

The viabilities obtained with the two different meth-
ods of sperm collection are shown in Table 4.

As shown in Table 4, high viability was obtained with
a mixture of raffinose and skim milk, and the viability
obtained with the swim-up method (14%) was higher
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Table 4. Effect of two different methods for sperm collection on viability

i No. of No. of livi
Treatmistt Cryopres?rvatlon 0.0 o. of living Viability (%)

solution sperm? sperm?®

15%R + 5%S 1530 137 9b

Mincing 10%R + 4%G 1651 115 Fhe

10%R + 4%E 1362 81 6¢

15%R + 5%S 2117 280 142

Swim-up 10%R + 4%G 918 58 6¢

10%R + 4%E 772 54 7be

1): Cryopreservation solutions that showed the best viability and best motility in
Expt 1. 2): Number of sperm examined. 3): The number of living sperm was the
total number of sperm — the number of dead sperm. =P < Values marked with
different letters are significantly different (P<0.05).
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Fig. 1.  Effect of motility on culture time for two different

methods for sperm collection. *: R+S, R+ G and R
+E indicate the mincing method. S-R+5,5-R+G
and S-R +E indicate the Swim-up method.

than that obtained with the mincing method (9%). When
a mixture of 10% raffinose and 4% glycerol and a mix-
ture of 10% raffinose and 4% ethylene glycol were used,
the viabilities obtained with the swim-up method and
the mincing method were not significantly different.

Expt 3: Effect of culture time and sperm collection
method on sperm motility and hyperactive movement

The motility and hyperactive movement obtained with
two different methods of sperm collection are shown in
Figs. 1 and 2.

As shown in Fig. 1, the motility tended to decrease
with increasing culture time with all cryopreservation so-
lutions. Moreover, the highest proportion of motility was
obtained with a mixture of raffinose and skim milk which
used both the mincing method and the swim-up method.

When a mixture of raffinose and glycerol or raffinose
and ethylene glycol were used, the motility obtained with
the mincing method was 0% at 2 hours, and the motility
obtained with the swim-up method was 0% at first.

As shown in Fig. 2, a mixture of raffinose and skim
milk used with the swim-up method resulted in higher
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Fig. 2. Effect of hyperactive movement on culture time in

two different methods for sperm collection. *: Con
indicates the non-freezing spermatozoa which were
collected in the swim-up method. R+5, R+G, and
R +E indicate the mincing method. S-R+5,5-R+
G and 5-R +E indicate the swim-up method.

hyperactive movement than the other treatments. In
the control, hyperactive movement was highest after 2
hours, whereas frozen spermatozoa had the highest hy-
peractive movement after 1 hour.

Discussion

In this study we focused on 3 points (viability, motil-
ity and hyperactivate movement of sperm). We selected
a cryopreservation solution and examined the effect of
different methods of sperm collection on the viability,
motility and hyperactive movement of sperm.

In experiment 1, a mixture of 15% raffinose and 5%
skim milk resulted in a higher viability and motility than
the other cryopreservation solutions.

According to Wakayama et al. [10], mouse cauda
epididymal spermatozoa were cryopreserved with 18%
raffinose. After thawing, Wakayama ef al. carried out a
intracytoplasmic sperm injection and found that embryos
could develop into normal, live young after embryo trans-



fer, but they reported only about 2% motility, and low
viability.

On the other hand, Nakagata et al. [2], cryopreserved
spermatozoa with 18% raffinose and 3% skim milk. Af-
ter thawing the cryopreserved oocytes were fertilized by
the cryopreserved spermatozoa and the fertilized eggs
developed into normal, live young after embryo transfer.
In their report, the motility of frozen-thawed spermato-
zoa varied among strains of mice (DBA/2N; 50~58%,
Jel: ICR; 42~52%).

As shown in these results, skim milk can protect the
cell membrane and result in high viability and motility,
so that cryopreservation with a mixture of raffinose and
skim milk resulted in higher viability and motility than
cryopreservation with a mixture of raffinose and glycerol
or ethylene glycol.

Tada et al. [6] freeze-thawed ICR mouse spermato-
zoa with a mixture of 18% raffinose and 1.75% glycerol.
The motility and fertility rates were 61.4 + 2.6% and
35.5%, respectively, and the embryos developed to blas-
tocysts and developed into normal, live young after
embryo transfer.

A difference between Tada's report and our report
was the concentration of glycerol. In this study, the
concentration of glycerol that gave the best results was
4%, but this concentration adversely affected the sper-
matozoa.

In experiment 2, when a mixture of 15% raffinose
and 5% skim milk was used as the cryopreservation
solution and the swim-up method was used to collect
sperm, better viability was obtained.

When mixtures of 10% raffinose and 4% glycerol or
10% raffinose and 4% ethylene glycol were used, there
was not a significant difference between the mincing
method and the swim-up method. This suggests that
glycerol and ethylene glycol induced osmotic shock.

In experiment 3, a mixture of raffinose and skim milk
used with both the mincing method and the swim-up
method resulted in higher motility than did other
cryopreservation solutions, and when a mixture of either
raffinose and glycerol or raffinose and ethylene glycol
was used, the motility obtained with the mincing method
was 0% in 2 hours. The motility rate obtained with the
swim-up method was also 0% at first. These results
suggest that a mixture of raffinose and skim milk is a
good cryopreservative because it preserves motility.

The hyperactive movement obtained with a mixture
of raffinose and skim milk and measured with the swim-
up method was higher than that obtained with other
cryopreservation solutions. The unfrozen control sper-
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matozoa also had maximum hyperactive movement af-
ter 2 hours of incubation in the cryopreservation solution,
whereas frozen spermatozoa had maximum hyperac-
tive movement after only 1 hour.

We therefore suggest that a mixture of 15% raffi-
nose and 5% skim milk, with the swim-up method, would
be best suited for the cryopreservation of Mongolian
gerbil spermatozoa.

In the near future we will attempt to determine whether
this method for the cryopreservation of spermatozoa is
best, or whether improvements can still be made.
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