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Production of Progeny Mice by Intracytoplasmic
Sperm Injection of Repeatedly Frozen and
Thawed Spermatozoa Experimental Technique

Toshihiro Aoto,” Yoshikazu Totsuka, Riichi Takahashi, and Masatsugu Ueda

Methods for generating genetically engineered mice have progressed, and the number of valuable mouse strains has increased
rapidly, requiring methods for managing and maintaining these strains. Sperm cryopreservation and assisted-reproduction
techniques, such as intracytoplasmic sperm injection (ICSI), can contribute greatly; however, the number of possible progeny
is limited due to the finite number of cryopreserved preparations. The ability to refreeze and reuse sperm preparations would
extend the utility of each cryopreserved sperm preparation. The purpose of this study was to develop a reproduction proto-
col involving ICSI that yielded live progeny after repeated freezing and thawing of a cryopreserved sperm preparation. We
used mouse sperm subjected to repeat freezing and thawing in TYH medium for in vitro fertilization. Three inbred strains
of laboratory mice—C57BL/6], BALB/cA, and C3H/HeN—were reproduced by ICSI after reuse of a sperm preparation that
had been frozen and thawed repeatedly. In particular, C57BL/6] progeny could be reproduced from spermatozoa frozen and
thawed 10 times. From these results, we conclude that the reuse of cryopreserved spermatozoa can extend the opportunities
for reproduction of progeny from cryopreserved sperm and can increase the utility of cryopreserved preparations as biore-
sources. Our results broaden management options regarding bioresource banking, particularly for mice.

Abbreviations: B6, C57BL/6]; C3H, C3H/HeN; BALB/c, BALB/cA; HEPES-CZB, CZB medium buffered with 4-(2-hydroxyethyl)-

1-piperazineethanesulfonic acid; ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilization

In human and mouse genome sequencing,*!'® animal models
have become an essential tool to study the biologic functions of
genes in the pathogenesis and treatment of human diseases. De-
veloping genetically engineered mice with loss or gain of gene
function has increased markedly in various fields of biomedical
research.®!* In addition, the saturation mutagenesis project has
produced a large number of mutant mouse lines.>!° In these cir-
cumstances, the importance of maintaining the mutants securely
as a genetic resource has increased, and the establishment of an
effective system is imperative.

Space and cost requirements complicate maintaining a
large number of mouse strains. The embryo banking system
for preserving frozen embryos was established to solve these
problems,'%?” but frozen spermatozoa can be preserved more
efficiently than can frozen embryos. Many more spermatozoa are
produced than oocytes or embryos. The haploid spermatozoa
genome is suitable for preservation as a genetic resource and is
considered to be an effective alternative to embryos,>1%12 espe-
cially for genetically engineered mice. However, for many mouse
strains (particularly C57BL/6] [B6]), spermatozoa that have been
frozen and thawed yield a low efficiency rate of in vitro fertiliza-
tion (IVF).1320 If spermatozoa of a valuable mouse strain could
secure these genetic resources after being frozen and thawed,
cryopreservation of spermatozoa becomes a powerful tool.

Intracytoplasmic sperm injection (ICSI) is a useful procedure
in the production of progeny>”?8 and can solve some infertility
issues due to loss of mobility by defective spermatozoa.”® Li
and colleagues’ used ICSI to rescue a valuable mutant mouse
strain from a ‘last-of-line” mutant male mouse. Yanagimachi
and colleagues’ reported the possibility of using ICSI with
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freeze-dried spermatozoa to produce progeny. In addition,
Lacham-Kaplan and colleagues® suggested that sperm frozen
without cryoprotectants (‘snap-freezing’ methods) might be
combined with ICSI to produce progeny.

The large number of spermatozoa typically frozen in a straw
reflects its presumed use for IVE. However, current ICSI proto-
cols use only a small portion of the frozen sperm, which mustbe
thawed before use; typically the remainder is not refrozen and
usually is discarded. If reproduction can be achieved by ICSI
with spermatozoa frozen and thawed repeatedly, cryopreserved
spermatozoa can be used more effectively. The repeated use of a
cryopreserved spermatozoa preparation can markedly increase
its value, particularly for mouse strains for which only a limited
amount of sperm is available.

In this report, we describe reproduction by ICSI with repeat-
edly frozen and thawed B6, BALB/cA (BALB/c),and C3H/HeN
(C3H) spermatozoa. The results indicate that spermatozoa
preparations can be used after repeated freezing and thawing.
Therefore the ICSI protocol in this report is useful in the man-
agement of mouse strain banking.

Materials and Methods

Animals. B6 mice were purchased from CLEA Japan (Tokyo,
Japan). BALB/c, C3H, and CD1 mice were purchased from
Charles River Laboratories Japan (Tokyo, Japan). Female B6
mice were obtained at 3 wk of age; female BALB/c and C3H
mice were obtained at 8 wk of age. The mice were housed in
air-conditioned rooms (23 + 2 °C and 50% + 5% humidity, with
a 12:12-h light:dark schedule [lights on from 0500 to 1700]) and
given commercial food (EF, Oriental Yeast, Tokyo, Japan). Sen-
tinel mice were evaluated quarterly for mouse hepatitis virus,
Sendai virus, Citrobacter rodentium, Clostridium piliforme, Coryne-
bacterium kutscheri, Mycoplasma spp., Pasteurella pneumotropica,
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Salmonella spp., Aspiculuris tetraptera, pinworms, intestinal pro-
tozoa, and ectoparasites; all animals had negative test results.
All procedures for the handling and treatment of animals were
reviewed and approved in advance by the Animal Care and Use
Committee of The YS Institute and were conducted according
to government-approved regulations.

Media. CZB medium buffered with 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES-CZB) supplemented
with 0.1 mg/ml polyvinyl alcohol (30 to 50 kDa, water-soluble;
Sigma-Aldrich, St Louis, MO) instead of bovine serum albu-
min®” was used for the collection of oocytes from oviducts and
the injection of spermatozoa. Oocytes were held in M2 medium
after ICSI and embryo transfer.!” After ICSI, oocytes were
cultured in M16 medium?® supplemented with 100 uM ethyl-
enediamine tetraacetic acid (Dojindo Laboratories, Kumamoto,
Japan).! Epididymal mouse spermatozoa were cryopreserved
in TYH medium, which typically is used for IVF,?2 and R1853
solution (ARK Resource, Kumamoto, Japan) that contained
18% D(+)-raffinose pentahydrate (w/v) and 3% skim milk
(w/v) and which generally is used for the cryopreservation of
mouse spermatozoa.'? Spermatozoa were placed in HEPES-CZB
supplemented with 12% (w/v) polyvinylpyrrolidone (360 kDa,
Wako Pure Chemical Industries, Osaka, Japan) immediately
before ICSI.

Oocyte collection. B6 mice were used at 3 to 6 wk of age;
BALB/c and C3H mice were used at 8 to 12 wk of age. Oocytes
were obtained from mice induced to superovulate by intraperi-
toneal injection of 5 IU equine chorionic gonadotropin (Nippon
Zenyaku Kogyo, Fukushima, Japan), followed by intraperito-
neal injection of 5 IU human chorionic gonadotropin (Sankyo
Zoki, Tokyo, Japan) after 48 h. At 16 to 20 h after injection of
human chorionic gonadotropin, cumulus-oocyte complexes
were recovered from ampullae by use of M2 medium contain-
ing 0.1% hyaluronidase (Sigma-Aldrich). The denuded oocytes
were rinsed thoroughly and maintained in M16 medium for as
long as 2 h at 37 °C under 5% CQO, in air.

Collection, freezing, and thawing of epididymal spermatozoa.
Epididymal spermatozoa were obtained from each mouse
strain (8 to 12 wk old). The caudal epididymides were removed
from each mouse, and sperm was collected with a 25-gauge
needle. The sperm collected from one male mouse was trans-
ferred to R18S3 (50 pl), and that from the other was added to
TYH (300 ul). R1853 solution containing sperm was loaded
into a straw and plunged into liquid nitrogen according to the
method described by Nakagata;!? prior to use of the sperm, the
straw was removed from the liquid nitrogen and the sperm
thawed according to the method described by Nakagata.'? The
contents of the straw were released into a culture dish (35 mm),
and 10 pl of the sperm suspension was added to TYH medium
(30 to 100 pl), which is the buffer typically used for IVE.

When TYH medium was used as the freezing solution for
spermatozoa, the sperm were incubated for 30 min at 37 °C
under 5% CQO, in air to allow sperm to diffuse; the resulting uni-
formly diffused sperm solution was divided into 20-pl aliquots,
which were placed at the bottoms of 1.0-ml cryotubes (catalog
no. 343958; Nunc A/S, Roskilde, Denmark). The tubes were
placed rapidly directly into liquid nitrogen and stored. After 2
to 171 d, the tubes were removed from the liquid nitrogen and
rapidly thawed in a 37 °C waterbath. The contents were placed
in a culture dish, diluted with an equivalent volume of TYH
medium (20 pl), and covered with mineral oil. Before ICSI the
culture dish was kept on a plate cooled to 17 to 20 °C.

Refreezing spermatozoa. After thawing the cryopreserved
spermatozoa preparation in the straw, the solution was refrozen
by the same procedure as described earlier, that is, the thawed

solution was diluted with TYH medium. Half of the sperma-
tozoa suspension in the straw was transferred into a 1.0-ml
cryotube, and then the tube was placed rapidly directly into
liquid nitrogen and stored for 1 to 72 d until use. The sperma-
tozoa refrozen in TYH medium again were thawed (third time
overall), diluted with TYH medium, and refrozen in the same
manner as previously.

ICSI. ICSI was performed according to the procedures of
Kimura and Yanagimachi with some modifications.’? Briefly, the
spermatozoa were injected into oocytes at room temperature
(25 to 27 °C) instead of decreased temperature (17 to 18 °C).
A small quantity of spermatozoa suspension was transferred
into a small volume of HEPES-CZB medium containing 12%
(w/v) polyvinylpyrrolidone, and mixed well. A spermatozoon
repeatedly was sucked into an injection pipette from the tail
and then ejected. These procedures were repeated to remove
the tail at the head-midpiece junction (neck) by piezoelectric
pulses (settings: cutting, speed 7 and intensity 6; ICSI, speed 1
and intensity 1, PMAS-CT150, PrimeTech LTD, Ibaraki, Japan).
The spermatozoon head then was injected into the oocytes.
The injection was performed in HEPES-CZB medium within
2.5 h after thawing the frozen spermatozoa. After thawing, only
spermatozoa cryopreserved with R1853 solution had motility,
and mobile spermatozoa were selected for injection, as were
additional, random nonmotile spermatozoa.

Preimplantation culture. After ICSI, the oocytes were transferred
to cooled M2 medium (17 to 20 °C) and kept for 15 to 40 min to
maximize the survival rate of the injected oocytes.’ They then
were transferred to a drop (30 to 50 pl) of M16 medium that
was equilibrated overnight with humidified 5% CO, in air at
37 °C. The drops on a plastic culture dish (catalog no. 351008;
Falcon, Becton Dickinson, Franklin Lakes, NJ) were covered with
mineral oil and cultured in humidified 5% CQO, in air at 37 °C.
The survival of ICSI-treated oocytes was examined at 6 h after
culture, and the number of 2-cell stage embryos was counted
at 24 h culture. Fertilized oocytes that developed to the 2-cell
stage continued to be cultured, and the developmental stage of
blastocysts was examined at 96 h.

Embryo transfer. Two-cell stage embryos developing from
fertilized oocytes by ICSI were selected at random and trans-
ferred into oviducts of pseudopregnant CD1 female mice on
day 1 of pseudopregnancy; these female mice were prepared by
mating with vasectomized CD1 male mice the previous night.
The female mice were euthanized after bearing offspring, and
the number of implantation sites was examined.

Reproduction test. The reproduction ability of offspring ob-
tained from embryos produced by ICSI with spermatozoa that
had undergone repeated freezing and thawing (B6, 10 rounds;
BALB/c and C3H, 3 rounds each) was examined. The offspring
were mated with the same strain mice purchased from the same
breeder (CLEA Japan or Charles River Japan) as were spermato-
zoa donors, and their reproduction abilities were examined.

Chromosome analysis. Offspring obtained by ICSI with fresh
(control) or refrozen spermatozoa underwent chromosome
analysis at the International Council for Laboratory Animal Sci-
ence monitoring center (Kanagawa, Japan). Slides of metaphase
chromosomes were prepared as follows: lymphocytes prepared
from blood samples collected from the retrobulbar venus plexus
were cultured in RPMI medium supplemented with 20% fetal calf
serum, 2 mM L-glutamine, 3 ug/ml concanavalin A, 10 pg/ml
lipopolysaccharide, 55 pM 2-mercaptoethanol, and penicillin
(100 U/ml)-streptomycin (100 pg/ml) (Gibco BRL, Rockville,
MD) at 37 °C for 42 h. After culture with 0.02 pg/ml colcemid
for 25 min, the cells were treated with hypotonic solution and
methanol-acetic acid fixation, and slides were prepared.?’ The
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Table 1. In vitro development of embryos produced after ICSI with C57BL/6 spermatozoa cryopreserved in R1853 solution or TYH medium

Medium for sperm No. of oocytes No. of oocytes No. of 2-cell No. of Range of development (%)
dispersion and storage (No. of experiments) that survived (%) embryos (%) blastocysts (%) among experiments
R18S3 133 (7) 126 (94.7) 126 (100.0) 101 (80.2) 71.4-100.0
TYH 89 (7) 87 (90.8) 79 (90.8) 69 (87.3) 75.0-100.0

In all experimental groups, C573L/6 oocytes were used, and sperm had been frozen at —196 °C.

The R1853 solution for cryopreservation of epididymal mouse spermatozoa contained 18% D (+)-raffinose pentahydrate (w/v) and 3% skim
milk (w/v).

TYH is a medium for in vitro fertilization of mouse strains.

Table 2. In vivo development of C57BL/6, BALB/c, and C3H/HeN embryos derived by ICSI with spermatozoa cryopreserved in R1853
solution or TYH medium

Medium Mouse strain No. of oocytes No. of oocytes No. of 2-cell No. of No. of Offspring production efficiency
(Ng. of that survived embryos (%) transferred recipients No. of No. of Range (%)
experiments) (%) embryos implants (%) offspring (%)

R18S3  C57BL/6 198 (6) 179 (90.4) 171 (95.5) 113 10 86 (76.1) 55 (48.7) 30.0-70.0
BALB/c 103 (3) 93 (90.3) 90 (96.8) 81 57 (70.4) 24 (29.6) 7.7-50.0
C3H/HeN 80 (3) 71 (88.8) 69 (97.2) 54 38 (70.4) 25 (46.3) 23.1-69.2

TYH C57BL/6 147 (7) 141 (95.9) 135 (95.7) 112 11 94 (83.9) 72 (64.3) 53.8-75.0
BALB/c 108 (5) 89 (82.4) 88 (98.9) 88 6 68 (77.3) 32 (36.4) 14.3-50.0
C3H/HeN 168 (6) 151 (89.9) 142 (94.0) 101 9 70 (69.3) 44 (43.6) 37.5-60.0

In all experimental groups, oocytes used for ICSI were the same strain as the sperm, and sperm had been frozen at -196 °C.
CD1 female mice were mated with vasectomized CD1 males, and 2-cell embryos were transferred to the mice on the first day of pseudopregnancy.
The R1853 medium for cryopreservation of epididymal mouse spermatozoa contained 18% D (+)-raffinose pentahydrate (w /v) and 3% skim milk (w /v).

TYH is a medium for in vitro fertilization of mouse strains.

slides were air-dried and stained with 5% Giemsa solution
for 50 min. At least 50 metaphases per mouse were evaluated.
For karyotype analysis, slides were rinsed with distilled water
and stained with 0.01 pg/ml Hoechst 33258 for 5 min and then
5.0 ug/ml quinacrine mustard for 20 min. Karyotypes were
analyzed by fluorescent microscopy (DM RXA2, Leica, Hei-
delberg, Germany) by use of CW4000 software (Leica); 5 to 14
metaphases were examined per mouse.

Statistical analysis. Chi-square analysis and Fisher exact tests
were used for statistical analysis.”

Results

Influence of the solution used to freeze spermatozoa. The
preimplantation development of fertilized B6 oocytes produced
by ICSI with B6 spermatozoa frozen in TYH medium and
R18S3 solution is shown in Table 1. The percentage of embryos
that developed to the blastocyst stage from the 2-cell stage
was 80.2% with R1853 solution and 87.3% with TYH medium.
The developmental efficiency of embryos (the percentage of
embryos that developed to blastocyst stage) generated by ICSI
with refrozen spermatozoa is shown in Table 2. The birth rate
after use of B6 spermatozoa frozen in TYH medium was higher
than that after use of B6 spermatozoa frozen in R18S3 solution
(64.3% versus 48.7%, P < 0.05). The birth rates of both BALB/c
and C3H strains were equivalent between the freezing solutions
of R1853 and TYH (BALB/c, 29.6% versus 36.4%; C3H, 46.3%
versus 43.6%).

Reuse of spermatozoa. The in vitro development of B6 oocytes
fertilized by ICSI with repeatedly cryopreserved B6 sperma-
tozoa is shown in Table 3. The developmental efficiency of
spermatozoa initially frozen in R1853 decreased according to the
frequency of refreezing (70.2% to 55.4%); however, spermatozoa
initially frozen in TYH showed a stable value after repeated
freezing with TYH (88.5% to 87.3%). The in vivo development
of 3 inbred mouse strains from oocytes fertilized with repeatedly
cryopreserved spermatozoa by ICSI is shown in Table 4. The
developmental efficiency after use of B6 spermatozoa initially

frozen in R18S3 solution and refrozen in TYH medium was
lower than that after use of spermatozoa repeatedly frozen only
in TYH medium (30.8% versus 63.7%, P < 0.05). The efficiency
of in vivo development after use of B6 spermatozoa frozen
initially in TYH medium decreased slightly according to the in-
crease in the number of recryopreservation cycles (63.7% versus
48.5%, P < 0.05) (Table 4). BALB/c and C3H spermatozoa also
produced live young after repeated freezing in TYH medium
(Table 4). Approximately 20% of the 2-cell embryos produced
with BALB/c spermatozoa and 40% to 60% of those produced
with C3H spermatozoa after repeated cryopreservation and
ICSI developed into live progeny.

Reproductive ability and karyotypes of mice produced by ICSI
with refrozen spermatozoa. The fertility of B6, BALB/c, and
C3H offspring generated by ICSI with repeatedly cryopreserved
spermatozoa was examined (Table 5). Almost all offspring were
fertile; however, 2 (both male) of 30 B6 mice (17 male and 13
female) produced by ICSI with spermatozoa frozen and thawed
10 times were infertile, and 2 of 29 mice had an abnormal
karyotype; 1 female offspring examined for fertility died for no
apparent reason before chromosomal analysis (Table 5). In com-
parison, the 10 control pups (offspring generated by ICSI with
fresh B6 spermatozoa) examined all had normal karyotypes.
The karyotypes of offspring from BALB/c and C3H were not
examined because of their normal fertility.

Discussion

Two challenges inherent to the management of mouse colonies
are particularly problematic in regard to genetically engineered
mice. One is the limited breeding space available for expand-
ing the many diverse strains;® the other is altered reproductive
ability due to gene modification.” To preserve these valuable
bioresources, the efficacy of their use must be improved.

Regarding banking of genetically engineered strains, it is easier
and more economical to cryopreserve spermatozoa than of eggs
and embryos. Excellent procedures for IVF and ICSI have been
reported and successfully generate living offspring from frozen
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Table 3. In vitro development of embryos produced after ICSI with C57BL/6 spermatozoa that underwent repeated cryopreservation in TYH

medium
Medium for sperm dispersion and No. of oocytes No. of oocytes No. of 2-cell No. of Range of development
storage (Reiterating treatment) (No. of experiments)  that survived (%) embryos (%)  blastocysts (%) (%) among experiments
R18S3—-TYH 63 (3) 60 (95.2) 57 (95.0) 40 (70.2) 60.0-80.0
TYH-TYH 64 (3) 63 (98.4) 61 (96.8) 54 (88.5) 80.8-94.7
R18S3—->TYH—-TYH 84 (4) 78 (92.9) 74 (94.9) 41 (55.4) 50.0-66.7
TYH-TYH—-TYH 77 (4) 74 (96.1) 71 (95.9) 62 (87.3) 75.0-95.2

In all experimental groups, C57BL/6 oocytes were used, and sperm were refrozen at =196 °C.
The R1853 medium for cryopreservation of epididymal mouse spermatozoa contained 18% D (+)-raffinose pentahydrate (w/v) and 3% skim milk (w/v).
TYH is a medium for in vitro fertilization of mouse strains.

Table 4. In vivo development of C57BL/6], BALB/cA, and C3H/HeN embryos generated by ICSI using spermatozoa repeatedly frozen in

TYH medium
Offspri ducti ffici
Sperm treatment Strain  No. of oocytes No. of oocytes No. of 2-cell ~ No. of No. of Prng procnaion e oy S
(No. of that survived embryos (%) embryos recipients No. of Nc?. of o Range (%)
experiments) (%) transferred . embryos  offspring (%)
implanted (%)
R18S3—-TYH C57BL/6] 170 (4) 159 (93.9) 149 (93.7) 120 9 73 (60.8) 37(30.8) 15.4-53.8
TYH-TYH C57BL/6] 113 (4) 100 (88.5) 98 (98.0) 91 8 80 (87.9) 58 (63.7)  38.5-84.6
R18S3—-TYH—TYH C57BL/6] 206 (4) 194 (94.2) 170 (87.6) 102 8 61 (59.8) 32 (31.4) 8.3-50.0
BALB/cA 87 (5) 78 (89.7) 71 (91.0) 69 5 41 (59.4) 14 (20.3) 7.7-28.6
C3H/ 22 (2) 20 (90.9) 20 (100.0) 20 2 18 (90.0) 8 (40.0) 37.5-41.7
HeN
TYH-TYH—-TYH C57BL/6] 110 (3) 106 (96.4) 101 (95.3) 99 8 83 (83.8) 48 (48.5)  33.3-66.7
BALB/cA 116 (4) 97 (83.6) 88 (90.7) 82 6 54 (65.9) 20 (244) 12.5-66.7
C3H/ 67 (3) 59 (88.1) 58 (98.3) 38 3 35(92.1) 23 (60.5)  53.8-64.7
HeN

In all experimental groups, oocytes used for ICSI were from the same strain as that of spermatozoa, which were refrozen at -196 °C.
CD1 female mice were mated with vasectomized CD1 male mice, and 2-cell embryos were transferred to the mice on the first day of pseudopregnancy.
The R1853 medium for cryopreservation of epididymal mouse spermatozoa contained 18% D (+)-raffinose pentahydrate (w /v) and 3% skim milk (w /v).

TYH is a medium for in vitro fertilization of mouse strains.

spermatozoa.?® Numerous living offspring can be obtained by
IVF with cryopreserved spermatozoa, providing the spermatozoa
retain motility and fertility. Although spermatozoa often lose mo-
tility after freezing, excellent ICSI procedures can generate living
offspring from nonmotile spermatozoa.?® We therefore focused on
ICSI and cryopreservation of spermatozoa for the management
of valuable genetically engineered mouse strains.

Typically only a small portion of the large number of sperma-
tozoa frozen in a straw are used after thawing; the remainder
usually is discarded. Successful methods for using refrozen
spermatozoa with ICSI to generate progeny would greatly
increase the utility of these bioresources. We first examined
the generation of offspring by ICSI with spermatozoa frozen in
R18S3 solution, a typical buffer for cryopreservation of mouse
spermatozoa,'? and TYH medium, which generally is used for
IVE22 We successfully generated live B6, BALB/c, and C3H
progeny from spermatozoa frozen in either media (Table 2). In
current IVF protocols, spermatozoa typically are cryopreserved
in R1853 solution;'213 therefore we evaluated the generation of
offspring by ICSI with spermatozoa refrozen in TYH medium af-
ter initial freezing in R1853 solution or TYH medium. Regardless
of initial freezing buffer used, ICSI with refrozen spermatozoa
yielded living B6, BALB/c, and C3H progeny (Table 4). We
were unable to define a clear reason for the more favorable
results with TYH medium, but the experience of Yanagimachi
and colleagues!! may provide some insight. Those investigators
reported that although removal of sperm plasma membrane
and acrosome was not a prerequisite for producing offspring by
ICSI, doing so resulted in earlier onset of oocyte activation and
better embryonic development. In our study the TYH medium

without cryoprotection that we used to freeze spermatozoa
might have created favorable conditions for embryonic develop-
ment. According to our results, refrozen spermatozoa can be a
bioresource for preserving valuable mouse strains.

Moreover, we examined the reproductive ability of the prog-
eny produced by ICSI of refrozen spermatozoa. Although 2
of 30 B6 offspring generated from spermatozoa that had been
frozen and thawed were infertile and had an abnormal karyo-
type, offspring with normal fertility had normal karyotypes,
as did control offspring (Table 5). Successful reproduction of
mice by ICSI with spermatozoa frozen without cryoprotectants
has been reported,®?® and the genetic integrity of embryos
produced from frozen spermatozoa should be examined.”?!24
In addition, abnormalities in the chromosomes of human
spermatozoa increased 10-fold after 2 cycles of freezing and
thawing.!® In comparison we found chromosome aberra-
tion only in offspring that showed reproductive disturbance,
and those having normal reproduction ability maintained a
normal karyotype. Therefore, accumulation of aberrations
seems to substantiate decreased breeding vigor. Offspring
could be generated by ICSI with spermatozoa cryopreserved
in TYH medium for 1 y in our preliminary experiment (data
not shown). Further Ward and colleagues? reported that off-
spring could be produced by ICSI with spermatozoa after 1.5y
of cryopreservation without cryoprotectant, and this prolonged
storage time had no adverse effects on genetic integrity.

In conclusion, the use of repeatedly frozen spermatozoa for
the reproduction of laboratory animals by ICSI facilitates man-
agement of a mouse bioresources bank, including reduction of
the number of nitrogen storage tanks needed for cryopreserva-
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Table 5. Evaluation of the fertility and chromosomes of C57BL/6], BALB/cA, and C3H/HeN mice generated by ICSI with spermatozoa
repeatedly frozen in TYH medium

No. of offspring

No. with abnormal karyotype/

Strain Sperm treatment examined No. infertile total no. evaluated
C57BL/6] Frozen and thawed 10 times 30 2 2/292
C57BL/6] None (fresh) 10 Not examined 0/10
BALB/cA Frozen and thawed 3 times 23 0 Not examined
C3H/HeN Frozen and thawed 3 times 28 0 Not examined

Sperm were cryopreserved in liquid nitrogen (=196 °C).
When progeny were not obtained by natural mating, the mouse was classified as infertile.

2One female offspring examined for fertility died without apparent reason. The 2 abnormal karyotypes obtained were 40,XY,+10,~15 and
40,XY,del(3).

tion. Our success in reusing previously frozen sperm illustrates
the possibility of developing a practical bioresource from
spermatozoa preparations currently discarded after IVF and
ICSI. Furthermore, it is possible to maintain this bioresource
by repeatedly refreezing it, particularly if the frozen sample is
the last one of a valuable mouse strain.
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