
BRIEF REPORT

Effect of Glycerol and Dimethyl Sulfoxide on
Cryopreservation of Rhesus Monkey (Macaca mulatta)
Sperm

WEI SI1,2, PING ZHENG1, YAHUI LI1,3, ANDRAS DINNYES4,5, and WEIZHI JI1n
1Kunming Institute of Zoology, Chinese Academy of Sciences, Kunming, People’s Republic
of China
2Graduate School of the Chinese Academy of Sciences, Beijing, People’s Republic of China
3College of Food Science and Technology, Yunnan Agricultural University, Kunming,
People’s Republic of China
4Research Group for Applied Animal Genetics and Biotechnology, Hungarian Academy of
Sciences and Szent Istvan University, Godollo, Hungary
5Department of Animal Biology, Agricultural Biotechnology Center, Godollo, Hungary

Glycerol and dimethyl sulfoxide (DMSO) are widely used as penetrating
cryoprotectants in the freezing of sperm, and various concentrations are
applied in different species and laboratories. The present study aimed to
examine the effect of these two cryoprotectants at different concentra-
tions (2%, 5%, 10%, and 15% glycerol or DMSO) on rhesus monkey sperm
cryopreservation. The results showed that the highest recovery of post-
thaw sperm motility, and plasma membrane and acrosome integrity was
achieved when the sperm was frozen with 5% glycerol. Spermatozoa
cryopreserved with 15% DMSO showed the lowest post-thaw sperm
motility, and spermatozoa cryopreserved with 15% glycerol and 15%
DMSO showed the lowest plasma membrane integrity among the eight
groups. The results achieved with 5% glycerol were significantly better
for all parameters than those obtained with 5% DMSO. The functional
cryosurvival of sperm frozen with 5% glycerol was further assessed by in
vitro fertilization (IVF). Overall, 85.7% of the oocytes were successfully
fertilized, and 51.4% and 5.7% of the resulting zygotes developed into
morulae and blastocysts, respectively. The results indicate that the type
and concentration of the penetrating cryoprotectant used can greatly
affect the survival of rhesus monkey sperm after it is frozen and thawed.
The suitable glycerol level for rhesus monkey sperm freezing is 5%,
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and DMSO is not suitable for rhesus monkey sperm cryopreservation.
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INTRODUCTION

Since the cryoprotective effect of glycerol was first discovered [Polge et al.,
1949], cryopreservation of spermatozoa has provided the most effective means of
preserving genetic resources. However, the presence of glycerol can result in
decreased sperm motility and fertility [Hammerstedt et al., 1990]. Until now, the
effect of glycerol at different concentrations on nonhuman primate spermatozoa
cryopreservation has only been demonstrated in cynomolgus monkeys (Macaca
fascicularis) [Mahone & Dukelow, 1978; Sankai et al., 1994], and 5–7% glycerol
was shown to be a suitable level for this species. Another penetrating
cryoprotectant, dimethyl sulfoxide (DMSO), has also been successfully used for
cryopreservation of spermatozoa in the cynomolgus monkey [Feradis et al., 2001],
and it was shown that a 6% DMSO level provided cryoprotection of sperm motility
similar to that of glycerol. In the rhesus monkey, which is very closely related to
the cynomolgus monkey, 3% [Si et al., 2000], 5% [Sanchez-Partida et al., 2000; Si
et al., 2000], 7% [Leverage et al., 1972], and 14% [Roussel & Austin, 1967] glycerol
concentrations have been used for sperm cryopreservation by different groups. In
only one study has rhesus monkey offspring been produced by the use of
cryopreserved spermatozoa [Sanchez-Partida et al., 2000]. However, no study has
compared the efficacy of different levels of glycerol, and no report has been
published regarding rhesus monkey sperm preservation with DMSO as the
penetrating cryoprotectant. Therefore, in the present study, we used four
different concentrations (2%, 5%, 10%, and 15%) of glycerol and DMSO to
investigate in detail the effect of these two widely used penetrating cryoprotec-
tants on rhesus monkey sperm cryopreservation.

MATERIALS AND METHODS

Freezing Media Preparation

The basic medium (MDM), containing 10% lactose, 1% glucose, and 10% (v/v)
fresh egg yolk was prepared according to the method described by Mathone and
Dukelow [1978] with modifications. For the freezing medium, glycerol or DMSO
(4%, 10%, 20%, or 30% (v/v)) was added to the basic medium. All chemicals were
obtained from Sigma Chemical Co. (St. Louis, MO) unless otherwise indicated.

Semen Collection and Processing

Twelve sperm samples (three ejaculations per male) were collected once a
week by penile electroejaculation [Si et al., 2000] from four male rhesus macaques
(7–12 years old) during the breeding season. Sperm motility, and plasma
membrane and acrosome integrity were assessed before the samples were frozen.
The sperm sample was washed twice with TALP-Hepes containing 3 mg/mL
Fraction V bovine serum albumin (BSA) [Bavister et al., 1983] by centrifugation
at 150� g for 10 min, and the concentration was adjusted to 1� 106/mL by the
addition of TALP-Hepes containing 3 mg/mL BSA.
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Sperm Freezing and Thawing

Each sperm sample was divided into eight equal parts and diluted with nine
times the sample volumes of basic medium without glycerol or DMSO at room
temperature. The samples were then further diluted with freezing medium
containing 4%, 10%, 20%, and 30% glycerol or DMSO in a stepwise manner at
5-min intervals until the final concentrations of 2%, 5%, 10%, and 15% glycerol or
DMSO, respectively, were obtained. The diluted sperm samples were then cooled
at 41C for 2 hr and loaded into 0.25-mL cryostraws (IMV, L’Aigle, France). To
freeze the samples, the straws were held horizontally 5 cm above liquid nitrogen
for 10 min. They were then submerged directly into liquid nitrogen for storage.
For subsequent rapid thawing, the straws were plunged into a 371C water bath.

Functional Evaluation Assays

Sperm motility.
With the use of a prewarmed hemocytometer, we assessed the sperm samples

for motility by counting 200 spermatozoa, in duplicate. We calculated the sperm
motility recovery rate using the following formula: (post-thaw motility %� 100)/
prefreeze motility % [Younis et al., 1998].

Assessment of sperm membrane and acrosome integrity.
Nuclei stain Hoechst 33258 and fluorescein isothiocyanate-conjugated peanut

agglutinin (FITC-PNA) were used to determine the sperm membrane and
acrosome integrity before and after cryopreservation, as described by Cross et al.
[1986] and Esteves et al. [2000]. A minimum of 200 spermatozoa were scored for
each sample.

In vitro fertilization.
Ovaries were collected from healthy adult rhesus monkeys with normal

menstrual cycles but unclear cycle status. Six pairs of ovary were used in this
study. Antral follicles Z1,000 mm in diameter were dissected and punctured to
retrieve germinal vesicle (GV) stage oocytes. The procedures used for the oocyte
culture, IVF, and embryo culture followed those described by Bavister et al.
[1983] and Si et al. [2000].

Statistical Analysis

All data were expressed as mean7SD. The percentage data of sperm motility,
and membrane and acrosome integrity were subjected to arcsine square root
transformation before statistical analysis. Then an analysis of variance (ANOVA)
and Turkey’s test were used to analyze the differences among different groups.
Values with Po0.05 were considered statistically different.

RESULTS

Sperm Motility After Freezing and Thawing With Glycerol and DMSO

As shown in Table I, the post-thaw sperm motility and motility recovery rates
of spermatozoa cryopreserved with 5% glycerol were significantly higher than the
other groups (Po0.05). There was no significant difference among 2% glycerol,
and 2% and 5% DMSO groups in post-thaw sperm motility (P40.05). The
spermatozoa cryopreserved with 15% DMSO showed the lowest post-thaw sperm
motility among the eight groups (Po0.05).
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Plasma Membrane and Acrosomal Status of Fresh and Cryopreserved
Sperm With Glycerol and DMSO

As shown in Table II, cryopreservation significantly reduced both plasma
membrane and acrosome integrity in all treatment groups. We found that 15%
glycerol and 15% DMSO had the most detrimental effects on both membrane and
acrosome integrity. Compared with the other groups, 5% glycerol provided the
most effective protection of membrane and acrosome integrity (Po0.05). Glycerol
was more effective for preserving sperm plasma membrane than DMSO at the
same concentration (Po0.05).

In Vitro Fertilization With Frozen-Thawed Spermatozoa

Cryopreservation with 5% glycerol was further tested by an IVF assay during
the nonbreeding season, when qualified fresh sperm samples were not available.
Thirty-five metaphase II (M II) oocytes were pooled prior to exposure to sperm
and were used at the same time. Frozen-thawed spermatozoa were selected from
each of the male macaques. The frozen-thawed sperm from each male was able to
fertilize the eggs. Differences in fertilization and development rates among males

TABLE I. Motility of Rhesus Macaque spermatozoa After Freezing and Thawing With 2%, 5%,

10%, 15% Glycerol and DMSO

Cryoprotectant
concentration

Pre-freeze sperm
motility (%)

Post-thaw sperm
motility (%)w

Motility recovery
rate (%)w

2% Glycerol 28.374.8a,c 37.276.0a,c

5% Glycerol 45.574.0b 59.173.3b

10% Glycerol 32.475.3c 42.475.2c

15% Glycerol 76.375.2 16.174.6d 21.075.0d

2% DMSO 26.273.8a 34.575.7a

5% DMSO 25.674.4a 33.574.9a

10% DMSO 7.571.3e 8.273.8e

15% DMSO 3.371.1f 4.371.7e

nPost-thaw sperm motility was recorded within 5 min after thawing.
wGroups with different superscripts in the same column are significantly different (Po0.05).

TABLE II. Percentage of Sperm With Intact Plasma Membrane and Acrosome Integrity After

Freezing and Thawing With 2%, 5%, 10%, 15% Glycerol and 5% DMSO

Cryoprotectant concentration Membrane intact (%)n Acrosome intact (%)n

Control 77.974.7a 91.272.3a

2% glycerol 53.375.8b 69.373.5b

5% Glycerol 61.675.5c 82.471.8c

10% Glycerol 55.677.2b 45.179.4d

15% Glycerol 19.572.1d 34.978.1e

2% DMSO 48.372.6e 69.073.9b

5% DMSO 47.077.0e 69.176.2b

10% DMSO 22.372.1d 49.372.1d

15% DMSO 21.173.3d 39.673.9f

nGroups with different superscripts in the same column are significantly different (Po0.05).
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were detected; however, because of the small sample size we were unable to draw
any statistically supported conclusions. Overall, 85.7% of inseminated oocytes
were fertilized, and 51.4% and 5.7% of the fertilized ova developed into morulae
and blastocysts, respectively (Table III).

DISCUSSION

Glycerol is the most widely used cryoprotectant for nonhuman primate
spermatozoa cryopreservation. However, it is difficult to freeze nonhuman
primate sperm because of its fragility [Gould & Styperek, 1989]. Only one study
has reported the birth of rhesus monkey offspring by artificial insemination using
cryopreserved spermatozoa [Sanchez-Partida et al., 2000]. In this study, we
evaluated the protective properties of glycerol at different concentrations for
rhesus sperm cryopreservation. In comparison with lower (2%) and higher (10%
and 15%) levels, 5% glycerol increased post-thaw sperm motility and the
percentage of sperm with an intact plasma membrane and acrosome. The results
indicate that the suitable glycerol level for rhesus sperm cryopreservation is 5%,
which confirms previous observations in cynomolgus monkeys [Mahone &
Dukelow, 1978; Sankai et al., 1994]. We found that DMSO at concentrations of
2%, 5%, 10%, and 15% was inferior to 5% glycerol for preserving rhesus monkey
sperm motility, and plasma membrane and acrosome integrity. In contrast,
Feradis et al. [2001] found that glycerol and DMSO at a 6% concentration
produced equivalent survival rates of cynomolgus epididymal sperm after
cryopreservation. This indicates a major difference in the efficacy of DMSO
between the two macaque species. This difference may be due to the differences
between epididymal and ejaculated spermatozoa. In the present study, we found
that plasma membrane integrity was less influenced by freezing and thawing
compared to the loss in sperm motility. This indicates that motility may be a more
sensitive indicator of viability. It is possible that the alteration of the bioenergetic
status of spermatozoa or damage to the axonemal elements (besides the
membrane damage) contributed to the reduction in motility [Watson, 1995].

In this study we found no significant difference in sperm-freezing sus-
ceptibility among the individual semen donors, which indicates that the present

TABLE III. Development of Embryos Produced Using Spermatozoa Cryopreserved With 5%

Glycerol

Embryo development stage (%)

Donor
males

No. MII
oocytes Fertil 2-cells 8-cells Morula Blastocyst

1 11 10 9 7 5 0
(90.9%) (81.8%) (63.6%) (45.5%) (0%)

2 7 4 4 3 2 1
(57.1%) (57.1%) (42.9%) (28.6%) (14.3%)

3 12 11 11 11 9 1
(91.7%) (91.7%) (91.7%) (75.0%) (8.3%)

4 5 5 5 3 2 0
(100%) (100%) (60.0%) (40.0) (0%)

Total 35 30 29 24 18 2
85.7719.0% 82.9718.6% 68.6720.2% 51.4719.8% 5.777.0%
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cryo-protocol might be useful for gene-banking sperm from various individuals. In
a previous study [Si et al., 2000] we used the same four males as sperm donors,
and no significant cryo-susceptibility difference was detected among these
individuals in that study either. However, only four male rhesus monkeys were
involved in these studies. Further studies are needed to evaluate the potential
variability in sperm-freezing susceptibility among individual rhesus monkey
males, and to determine whether the present protocol could be used without
modification for any donor.

In conclusion, in this study, sperm frozen with 5% glycerol exhibited good
post-thaw motility and a high percentage of plasma membrane and acrosome
integrity. Most importantly, were able to fertilize rhesus monkey oocytes in vitro,
which then developed into morulae and blastocysts. With the use of frozen sperm,
one can perform IVF and obtain embryo cultures during the nonbreeding season,
when high-quality fresh sperm is not available. This method also can be
recommended for gene preservation purposes in this important species.
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