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Abstract: The objective was to examine the effect of Permeable Cryoprotectant Agents (CPAs) on sperm
cryopreservation of tree shrew. Epididymal sperm were surgically harvested from captured wild male tree shrews
and cryopreserved with Tes-Tris-Egg yolk based cryodiluent (TTE) containing either of the four CPAs,
Dimethyl Sulfoxide (DMSO), Ethylene Glycol (EG), Propylene Glycol (PG) and Glycerol (Gly) at concentrations
of 1, 3, 6 and 10%, respectively. Sperm motility, acrosome ntegrity and fertility were assessed. In Experiment
1, sperm equilibrated at 4°C m TTE contaimung 1, 3 and 6% DMSO, respectively showed similar motility to that
in TTE without CPA (p=>0.05). Following the increase of concentration of CPAs and equilibration time
(30-90 min), the other CPAs reduced sperm motility (p<<0.05). In Experiment 2, sperm frozen in TTE containing
3% DMSO showed the highest post-thaw motility (p<0.05) and recovery rate of motility (p<0.05) among groups.
In Experiment 3, there were no differences in the fertilization rate of oocytes and the proportion of tree shrews
vielding fertilized cocytes inseminated with fresh and thawed sperm frozen in TTE containing 3% DMSO
(p=0.05). In conclusion, among the permeable CPAs tested, DMSO provided the best cryoprotective ability for

captured wild tree shrew epididymal sperm.
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INTRODUCTION

Earlier molecular phylogeny studies suggest that tree
shrews are in the same order as primates which include
the closest relatives to human beings (Janecka et al.,
2007). It 1s mnportant, therefore that the tree shrew has
been used as a laboratory animal model for physiology
or human diseases such as neurcbiology of stress
(Kohlhause et al., 2011; Remple et al., 2007; Rice ef al.,
2011, Wang et al., 2011), cancer (L1 et al., 2008a), human
virus mfections and mmmunology (Feng et al, 2011;
Li et al, 2008b;, Xu et al., 2007), defects of the visual
system (Norton et ad., 2010; Poveda and Kretz, 2009) and
reproduction and development (Collins et af., 2007). In
addition, tree shrews have the potential to be genetically

engineered as models of human  diseases.
Notwithstanding real and potential climcal and laboratory
applications, there are no stramns that have been
domesticated from wild tree shrews (Ping et al., 2011).
Thus, most tree shrews employed in disease models are
still captured from the wild and acclimated in captivity for
3 months or more before use. Sperm cryopreservation
provides an economical and effective way to preserve
these wvaluable models and wildlife genetic resource
{(Hashemi and Nayebpoor, 2008; Memon et af., 2012).
The presence of a permeable Cryoprotectant Agent
(CPA) can be an important factor that affects sperm
survival during cryopreservation. Permeable CPAs such
as Glycerol (Gly), Dimethyl Sulfoxide (DMSO), Ethylene

Glycol (EG) and Propylene Glycol (PG) have been widely
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applied  for mammalian sperm cryopreservation
(Farshad et of., 2009; Fernandez-Santos et al, 2006,
Kashiwazaki et al., 2006, Li et al., 2005a; Si et al., 2004).
To the knowledge, there 1s no study on the effect of
permeable CPAs on sperm cryopreservation of wild tree
shrews. Therefore, the objective of the present study was
to test their toxicity or prevention on cryopreservation of
wild tree shrew sperm and determinate the appropriate
types and concentrations of CPAs. Researchers examined
motility and acrosome integrity of sperm that were
thawed after having been frozen in cryodiluents at four
concentrations of DMSO, EG, PG and Gly, respectively.
Finally, frozen-thawed sperm were used for Artificial
Insemination (AT) to assess the ability to fertilize ova.

MATERIALS AND METHODS

Animals: Twenty five adult male and ten adult female
tree shrews (Tupaia belangeri Chinese, bodyweight
120-140 g) were employed in this study. The male tree
shrews were captured from a village area near Kunming
China. They were individually housed in cages (400 mm
length, 200 mm width, 300 mm height) in a controlled
environment (20-25°C, humidity 40-60%, 08:00-20:00 h
light). Epididymal sperm were retrieved after being
captured. Female tree shrews were captive for >1 year. All
of the ammals were fed with special softened forage, eggs,
milk and fresh fruits. All experiments were conducted
during the physiologic breeding season (March and June)
and were performed in accordance with the regulations
and recommendations of the Ammal Care Committee of
Kunming University of Science and Technology.

Epididymal sperm collection and processing: Both cauda
epididymides were surgically isolated from the testes
when wild male tree shrews were under anesthesia
(ketamine hydrochloride, 2 mg kg™, Xingang Co,
Shanghai, China). The excised tissues were rinsed with
modified Tyrode’s solution with albumin, lactate and
pyruvate (TALP-HEPES) (Bavister et al., 1983) and blood
vessels and adipose tissue were carefully removed The
epididymides were then minced with fine scissors and
spern released into pre-warmed (37°C) TALP-HEPES by
gently squeezing the tracts. The sperm suspension was
transferred into a 5 mL sterile tube and washed once with
1 mI, TATLP-HEPES by centrifugation at 250xg for 5 min.
Then, the sperm pellet was immediately resuspended by
gentle mixing in Tes-Tris-based cryodiluent plus egg volk
(TTE) composed of 12.7 mM Tris, 47.8 mM 76 TES,
111.0 mM glucose, 55.5 mM lactose, 3.4 mM raffinose,
0.069 mM streptomycin sul fate salt, 100 [UmL ™ Penicillin-
G and 20% (v:v) fresh egg yolk (Sankai ef al., 1994). A

10 pL aliquot of sperm suspension was examined for
motility and acrosome integrity. Only samples with
motility and acrosome integrity exceeding 60 and 85%,
respectively were used.

Sperm cryopreservation and experimental designs
Experiment 1 (Effects of four cryoprotectants on sperm
motility during equilibration at 4°C): Sperm from eight
males were used to evaluate the the prefreezing toxic
effects of DMSO, EG, PG and Gly on sperm motility. The
epididymal sperm from each animal was divided into
seventeen equal aliquots. Each was diluted in a 5 mL
sterile test tube with TTE at room temperature (20-25°C) to
obtain a final concentration of approximately 2x10° sperm/
mL. The tubes were closed and transferred to a beaker
containing 200 mL water at 25°C and the sperm samples
were equilibrated in a 4°C refrigerator for 2 h to allow the
sperm samples being slowly cooled to 4°C. Then, each
aliquot was further diluted 1:1 with TTE at 4°C contamning
2, 6, 12 and 20% of DMSO, EG, PG and Gly (viv),
respectively using stepwise addition at & min intervals to
reach the final concentrations of 1, 3, 6 and 10% of each
CPA, respectively. These concentrations were chosen
because they are commonly used in mammalian sperm
cryopreservation studies (Khan et al., 2009, Varisli et al.,
2009). In the control group, the sperm were diluted in TTE
agam without any CPA. All sperm samples were kept at
4°C for additional 30, 60 and 90 min to assess the negative
effect of CPAs on tree shrew sperm motility during
equilibration. After each time period, a 10 pl aliquot of
sperm suspension from each sample was transferred mto
a disposable sterile tube and diluted stepwise at 30 sec
intervals within 3 min with fifty volumes of prewarmed
TALP-HEPES medium containing 0.3% bovine serum
albumin to examine sperm motility. Each suspension was
washed once with TALP-HEPES by centrifugation at
250xg for 5 min to remove the added CPAs and the sperm
pellet was immediately dispersed with TALP-HEPES.
Sperm motility was then examined.

Experiment 2 (Effect of different concentrations of the
four CPAs on motility and acrosomal integrity of tree
shrew sperm after cryopreservation): Twelve males were
used to investigate the cryoprotective effect of each CPA
on the freezing of epididymal sperm. The procedure for
sperm harvesting, equilibrating and testing of pre-freeze
motility were the same as described in Experiment 1 except
that each sperm sample was exposed to the CPAs for only
30 min at 4°C. Sperm samples were loaded into 0.25 ml.
pre-cooled (4°C) cryo-straws (IMV, 1.’ Aigle, France) and
sealed. The loaded straws were laid horizontally on a
15%10 em iron frame that was pre-cooled to 4°C. The
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straws were then frozen by hanging the frame flatly at
4 em above the surface of LN, in a styrofoam box without
a lid. The mside dimensions of the box were 25x21 %25 cm
and it contained 6 cm of LN,. After 10 min, the frame
containing the straws was finally submerged into the TN,
for storage (Ping et al., 2011). Straws were thawed rapidly
by plunging them directly nto a 37°C water bath for 1 min
after being stored in LN, for at least 2 days. Post-thaw
sperm motility and acrosomal integrity were examined as
described.

Experiment 3 (Assessment of fertilizing ability of post-
thaw sperm frozen with optimal freezing conditions): The
objective was to compare the fertilizing ability of frozen-
thawed and fresh sperm. Sperm collected from five male
tree shrews were individually frozen under optimal
conditions with TTE containing 3% DMSO. As control,
fresh sperm collected from another five male tree shrews
were mdividually used for fertilization. The frozen-thawed,
or fresh sperm were immediately washed twice with 1 mL
TALP-HEPES and centrifuged at 250xg for 5min. The
pellet was diluted to a concentration of 2.0-2.4x10” motile
sperm mL~'. Meanwhile in the females as described
below, after mducing ovulation, the uterus was exposed
and approximately 50 pl. of sperm sample was injected
into each uterine horn. Frozen-thawed sperm exhibiting
motility and acrosome mtegrity >30 and 75%, respectively
were used.

The protocols for ovarian stimulation and AT were
used as a previous report (Ping et al., 2011). Briefly, ten
adult females received 60 IUJ pregnant mare serum
gonadotrophin (PMSG, Ningbo Inc., Zhejang, China)
subcutaneously on any day between 16:00-19:00 h and
24 h later iygected with 30 IU hCG (Pregnyl, N.V Organon
Oss, Netherlands) and 30 IU PMSG. Tust before the
mjection of hCG, intrauterine Al was performed as
described below using frozen-thawed or fresh sperm.
Briefly, the animals were anaesthetized with ketamine
hydrochloride (2 mg kg™, Xingang Co., Shanghai, China)
and both uterine homs were exposed via a small
longitudinal incision (approximately 7 mm) in the middle of
the abdomen. A sterile metal 16 gauge needle was used to
make a hole in the uterus near the cervix where fewer
blood vessels were observed, then a catheter with O.D.
3.8 mm containing the sperm suspension was inserted into
each uterine horn through the hole and the semen was
ejected 1nto the terminal segment of the oviduct. Fmally,
the abdominal opening was closed with a standard
surgical sutures and 5000 TU penicillin and an analgesic
were given to prevent infections and pain. The ovaries
removed through a similar
operation 48 h after Al and the embryos or ovulated

and oviducts were

oocytes were flushed from the oviducts. The recovered
oocytes were examined on an inverted microscope and the
number of two-cell embryos relative to the number of
recovered oocytes was expressed as the fertilization rate.
Furthermore, the rate of tree shrews yielding fertilized
oocytes relative to the number of tree shrews used was
analyzed.

Sperm functional assays: The percentage of sperm
showing motility was assessed with a light microscope at
37°C (Saragusty ef al., 2009). Briefly, a 10 pl. drop of each
sperm sample was deposited onto a pre-warmed Neubauer
hemacytometer (BOECO, Hamburg, Germany) and covered
with a coverslip. The slides were incubated on a 37°C
warming plate for 2 min and then the motility of each
sample was evaluated by counting approximately 200
sperm  in duplicate. Motility was assessed by an
experienced evaluator who examined all of the specimens.
Post-thaw sperm motility was evaluated unmediately after
thawing and washing. To minimize evaluator bias, the
evaluator was blinded as to the identity of the samples
under evaluation.

Sperm density was determined in triplicate by diluting
fresh and frozen-thawed samples of semen with TALP-
HEPES and counting sperm cells using a Neubauer
hemacytometer at x400 magnification with a light
MICTOSCOPe.

Acrosome mtegrity was assessed by Alexa Fluor-488-
peanut agglutinin comugate (Molecular Probes, Eugene,
144 OR, USA) usmg the same procedure as earlier
described (Vansh ef al., 2009). Briefly, a 20 uL aliquot of
sperm suspension was smeared on a microscopic slide
and allowed to dry. The samples were then fixed with
methanol and allowed to air-dry m an aw-filter hood
(Captair, DFS Co., Ltd. Tiangsu, China). After fixation,
sperm samples were incubated with 40 g mL™" Alexa
Fluor-488-peanut agglutinin conjugate at 37°C for 30 min
and washed with PBS (pH 7.4) followed by counting and
analysis under a confocal Laser Scanning Systemn (LSM
510 META,; Carl Zeiss, Jena, Germany). The fluorophores
were excited with the 488 nm line of the laser and Alexa
Fluor-488 emission was collected with a 530 nm band pass
filter. The observed images of sperm stained with Alexa
Fluor-488-peanut agglutinin conjugate were classified into
three groups (Ping et al, 2011); sperm displaying
intensively uniform apple-green fluorescence of the
acrosomal cap indicating an intact acrosome; sperm
displaying partially green fluorescence of the acrosomal
cap indicating the process of breakdown of the acrosomal
cap (partially damaged acrosome) and sperm displaying
no fluorescence mdicating a complete loss of the outer
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acrosomal membrane (damaged acrosome). In each
replicate, >200 sperm were counted to determine the
percentage of sperm with mtact acrosome.

Statistical analysis: All data were expressed as
meanststandard error of the means. The percentage data
for motility and acrosome integrity were subjected to
arcsine transformation before statistical analysis. Then
analysis of variance and Tukey’s test were used to
analyze the differences in motility and acrosome mtegrity
among treatment groups. Results of the fertilization rate
and the proportion of tree shrews yielding fertilized
oocytes with fresh sperm and frozen sperm were analyzed
by y’-test. Number of ococytes and fertilized oocytes
recovered after ovarian stimulation and Al treatment were

Experiment 2: The most notable finding was that sperm
frozen in TTE + 3% DMSO had the greatest post-thaw
motility and recovery rate of motility (p<<0.05, Table 2).
Additionally, sperm frozen in TTE + 1% DMSO and TTE
+ 3% EG exhibited higher motility recovery rates than did
the control (p<0.05). However, the recovery of sperm
motility for all other CPAs and concentrations was similar
to that of the control (p=0.05, Table 2). Acrosome integrity
was significantly higher in sperm frozen in 6% EG and
10% Gly compared to controls (p<0.05, Table 2). All other
CPAs and concentrations resulted in acrosome integrities
that were similar to that of the control (p=0.05).

Table 1: Tree shrew sperm motility after equilibration in cry odilutents with
permeable CPAs at 4°C

Sperm motility Sperm motility after equilibration (%6)
analyzed by ANOVA and Tukey’s test. All data were ~ CPA  before equilibration
. . < (2%) (fresh) 30 min 60 min 20 min
analyzed using. SPSS Version 11.5 Statistical Software NonCPA 76.9:08 el Tlotl 3 e el 1%
(SPSS Inc., Chicago, TL, USA). For all analyses, p<<0.05 19 DMSO N TSAED 1 TS24 1% 7] 8L 4k
was considered statistically significant. 3%DMsSO - - TA3L22PE EO.TED SR 653417
4% DMSO - 64,843,308 50 O£3. 0P8 57,043 (P4
1096 DMSO - 52,242 3R 48 141 TRE 30,042 1%
RESULTS AND DISCUSSION 1% PG - T2OEL3ME TI3EL3ME 67.94] 304
3% PG - 67443078 63,243,448 50 743 (7B
. . e 6% PG - 52.5+4.3°F% 49 G TEE 45 Gd g
Experiment 1: For each time of equilibrium at 4°C, the 1026 PG . 46344 0 4] Obd OBEB 37 304 O
lowest sperm motility occurred at the highest — 1%EG - TLEE2Z 4P §9.242.3%48 64,642 3%0
: : - A2, el 542, 8AR 50,440 THedE
concentration, 10% of each CPA in TTE (Table 1). 3%EG STALLEE 54,502
> ° : (_ S ) 6% EG - 45.8E3.67 4173 TEIE 3332268
Compared with the control at 30 min of equilibration, 10% BG - 3754400 3] 542 GERE 25 3] TE
sperm motility decreased significantly mn 1, 3 and 6% of ~ 1%Gly - 64-8i1-3:;f 62-&1-2“::::; 56-412-2:‘]:::3
. - 3% Gly - 48,145, 45.1+4. 9 40.2+4. 6
PG, EG, and Gly, .respectlvely. The loss of motility was 6% Gly ] ATALA T 30006 TR 26 545 1%
greater at longer times of exposure. In contrast, sperm 10% Gly - 20.643. 984 17.343.8%F  13.042.3%

motility in 1, 3 and 6% DMSO did not differ significantly
from the control and any tune point of equilibration
(p=0.05).

*Within a colurmn, values without a common superscript differ (p<<0.05);
& Bywithin a row, values without a common capital superscript differ
(p<0.05), CPA: Cryoprotectant; DMSO: Dimethyl Sulfoxide; PG:
Propylene Glycol, EG: Ethylene Glycol; Gly: Glycerol, n = 8 per condition

Table 2: Pre-freeze and post-thaw motility and acrosome integrity of tree shrew sperm cooled and frozen with permeable CPAs

Motility (%)

Acrosome integrity (%6)

Recovery rate

CPA (%) Fresh Pre-freeze Post-thaw of motility (%) Fresh Post-thaw

Non-CPA 73.4+0.4 69.3+1.8% 27.7+1.34 40,141 8% % 92.5+1.1 73.6+£2.5°

1% DMSO - 704£1.9 35.142.3 50, 5+4.0¢ - 77.542. 7
3% DMSO - 69,341, 7 44,941 .8 65.2+£3.00 - 79818
6% DMSO - 60.3+1.6% 28,941 .54 47.942,1%4 - 7871
1006 DMSO - 48.8+1.3°% 21.8+1.3F 45. (2.5 - 78.1+1.3%
1% PG - 70.7+1.8 29.2+1.94 42.03.2%5% - 71.5+1.%

3%PG - 66.1+1.7% 29.9+1.3° 45.9+2.84 - 79.242.0°
6% PG - 51.5£1.3F 24.7+1.3% 48, 442, gped - 80.7+1.4*
100 PG - 46.0+1.2% 16.1+1.58 35.3+3.6% - 72.1£2.4

1% EG - 67.1+1.8% 25.6+1.8% 38,643 3% - 74.642.1%
3%EG - 53.8+1.4% 28.7+82.94 54.2+5.0° - 79.3+2.6%
6%EG - 42.9+1.128 19.5+2.0% 45. 144,20 - 82.6+1.7%
100 EG - 34.8+0.9' 15.6+0.8 44, 71, 7% - 76.8+3.0°
1% Gly - 63.5£1.6" 22.3+£2.3¢ 35,644 0P51 - 75.4+2.3>
3%Gly - 47.141.2¢% 16.1+1.63 34,043,180 - 792427
6% Gly - 36.40.9¢ 11.4=0.7 31.4%1.9" - 76.446,2%
1006 Gly - 20.1+0.5 0.0+0.9¢ . 64 200 - 83.0+1. 4%

“MWithin a column, values without a common superscript differ (p<0.05). CPA:
Ethylene Glycol; Gly: Glycerol; n =12 for each condition
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Experiment 3: As shown in Table 3, there were no
differences in the fertilization rate of oocytes and the
proportion of tree shrews vyielding fertilized oocytes
inseminated with fresh and frozen sperm (p>0.03).

In this study, researchers evaluated the motility and
acrosome integrity of post-thawed tree shrew sperm that
were equilibrised and frozen in four concentrations of the
CPAs DMSOQ, EG, PG and Gly, respectively. The result
demonstrated that DMSO showed the high cryopretective
ability and the least prefreezing toxicity. Furthermore, Al
trial showed the same capacity for fertilization of sperm
cryoproserved by 3% DMSO as control of fresh sperm.
To a certain extent, all CPAs can be harmful for cells
because of mherent toxicity, even at relatively low
concentrations (Fahy et al., 1990, Fernandez-Santos ef al.,
2005). However, the use of CPAs is essential for
protection of sperm and ova against freezing damage
that arises due to mtracellular ice crystal formation
(Yang et al., 2007). The optimal choice of CPA for each
species seems to have been largely a matter of trial and
error. This is partly because a complete and satisfactory
explanation for the action of CPAs does not exist yet
(Holt, 2000).

Permeable CPAs have different cryoprotective
efficacies with various mammalian spermatozoa
(Jones, 1973; Kashiwazaki et al., 2006; Li et al., 2005a).
Glycerol and EG are always employed for non-human
primate sperm cryopreservation (Li et al, 2005b;
Sadleir, 1966, Seier et al., 1993; Siet al., 2004). However,
n the present study, compared with Gly, EG, PG, DMSO
might cause less osmotic stress or prefreezing toxic
effects during the addition of the CPA before freezing and
removal of CPA after thawing and therefore could provide
sufficient cryoprotection and result in fewer cell
mjuries. Similarly, Gly 1s also unsuitable for sperm
cryopreservation in rodents including mice and rats or
rabbits (Kashiwazaki et al., 2006, Nakatsukasa et al.,
2001; Sztein et af., 2001). DMSO 1s more effective than Gly

Table 3: Fertilizing ability of fresh and frozen-thawed tree shrew sperm

Fertilizing ability Fresh sperm Frozen sperm
Sperm muotility 68.9+5.7 43.5+3.3
(MeantSEMo) before AT

Sperm acrosomne integrity 87.8+3.4 78.7+2.1
(Mean+SEM%0) before AL

No. of female tree shrews used 5 5

No. of tree shrews yielding 5(100) 5(100)
fertilized oocytes (%)

No. of oocytes recovered 24 (4.8+0.8) 21 (4.2+1.5)
(Mean+SEM per fernale)

No. of fertilized oocytes 17 (3.441.1) 12 (2.4£1.1)
*"(Mean+SEM per female)

Fertilizition rate of oocytes (%6) 69.7+14.2 55.3+7.8

"Relative to the number of tree shrews used; ™At least two-cell embryos
when recovered

in these species (Kashiwazaki et al., 2006, Sztein et al.,
2001). Thus, permeability coefficient of tree shrew sperm
could be more similar to that of rodents not to that
of non-human primates which could imply that tree shrew
in reproduction aspect, may be close to rodent.

One surprising finding is that the CPA had almost no
effect on acrosome integrity. This indicates that the
acrosome of tree shrew sperm 18 more resistant to freezing
compared with motility. Thus, sperm motility is a better
parameter for evaluation of tree shrew post-thaw sperm
function (Ping et al.,, 2011).

Artificial insemination with frozen-thawed sperm
always results in lower fertility rates than with freshly
harvested sperm (OMeara et al, 2005). Therefore,
researcher examined the fertilizing ability of fresh and
frozen sperm by comparing the fertilization but not
pregnancy rate because the breeding management and
ART protocols in tree shrews have not been reported yet.
However, the in vivo fertilization rate (57.1%) of sperm
frozen with the addition of 3% DMSO mto TTE i the
present study was slightly high to that (56.5%) of sperm
frozen only with TTE in the earlier study (Ping et al., 2011)
even though the addition of 3% DMSO mto TTE did
improve sperm motility compared with that frozen without
any penetrating CPA in the present study. One reason
could be that male tree shrews used in this study were
wild, not domesticated animals. These animals did not
have the opportunity for rich nutrition supplementation
that could improve sperm quality. Another reason may be
due to small number of animals used in this study,
inappropriate ovarian stimulation or both.

CONCLUSION

The study shows that the toxicity and cryoprotective
efficacy of penetrating cryoprotectants on tree shrew
sperm survival. The results showed that epididymal sperm
of wild tree shrews can be cryopreserved in TTE + 3%
DMSO and that the frozen/thawed sperm have the ability
to fertilize cocytes in vivo by intrauterine Al
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