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Chromosome stability was maintained in mouse spermatozoa after
freeze-drying or freezing without cryoprotection in a simple
Tris�HCl buffer containing EGTA (50 mM) and NaCl (50 mM). The
ability of spermatozoa to activate oocytes spontaneously was not
destroyed by freeze-drying or freezing without cryoprotection in
this solution. Embryos derived after injecting oocytes with sperm
heads from rehydrated freeze-dried and from thawed spermato-
zoa developed normally. Provided the DNA integrity of the sperm
nucleus is maintained, embryos can be generated by the intracy-
toplasmic sperm injection technique (ICSI) from severely damaged
spermatozoa that are no longer capable of normal physiological
activity. This procedure was effective for preserving spermatozoa
from strains (C57BL�6J, 129�SvJ, and BALB�c) in which the fertility
of spermatozoa frozen conventionally is extremely poor. The
technique provides an effective means of storing mouse sperma-
tozoa from many different inbred, mutant, and transgenic strains
for biomedical research.

The mouse is the primary research animal in mammalian
genetics, providing models for the analysis of embryonic

development and human genetic diseases. Detailed study of the
mouse genome by transgenesis and mutagenesis is leading to the
generation of large numbers of new mouse lines worldwide (1,
2). Although �1,200 mutations covering a wide range of phe-
notypes have been described in the mouse, it represents just a
small fraction (1–2%) of the total number of mouse genes. To
close this so-called ‘‘phenotypic gap’’ several internationally
renowned mouse genetic laboratories have commenced large
chemical mutagenesis studies with chemicals such as ENU
(N-ethyl-N-nitrosourea) (1, 3). It is not economically or practi-
cally possible to maintain all these unique stocks by conventional
breeding, so alternative strategies are urgently needed to con-
serve these valuable genotypes for future study. The cryopreser-
vation of embryos is not a realistic option because large numbers
of animals are involved and while mouse oocytes can be suc-
cessfully stored by freezing or vitrification (4, 5), difficulties in
obtaining sufficient numbers of oocytes are similar to those for
embryos. The banking of spermatozoa alone would be an
efficient and cost-effective approach for the storage of trans-
genic and mutant stocks.

The major problem with cryopreserving mouse spermatozoa
has been the sensitivity to damage during freezing and thawing
(6), and it is only in the last few years that cryostorage of mouse
spermatozoa has been achieved with any degree of success (2,
7–11). However, spermatozoa of some strains are very difficult
to freeze—e.g., C57BL�6J (12) and BALB�c (2). Recently, live
offspring were successfully obtained from hybrid mouse sper-
matozoa frozen without cryoprotection (13) or freeze-dried (14).
On recovery from these procedures the spermatozoa are immo-
tile and there is extensive damage to the sperm plasma mem-
branes. Thus, it is necessary to inject them into oocytes by the
intracytoplasmic sperm injection technique (ICSI) to achieve
fertilization. As yet methods for freeze-drying are empirical, and
information on genetic stability during storage in various media
is unknown. In a preliminary study (unpublished work) com-

paring fresh and freeze-dried spermatozoa we found that struc-
tural chromosomal abnormalities are significantly higher in
mouse oocytes injected with spermatozoa freeze-dried in CZB
medium. Here, we show that modification of a simple Tris�HCl
buffered solution with high concentrations of a calcium-
chelating agent, normally used for the preparation of DNA from
eukaryotic cells (15), can maintain chromosome integrity during
freeze-drying. This procedure was also effective for storing
spermatozoa from inbred strains where the fertility of sperma-
tozoa frozen conventionally is very poor.

Materials and Methods
Animals. Gametes were obtained from C57BL�6J, BALB�c, and
129�SvJ inbred and B6D2F1 hybrid mice aged between 8 and 12
weeks. Random-bred CD-1 females, 8–12 weeks old, mated with
vasectomized males of the same strain were used as recipients for
embryo transfer on the first day of pseudopregnancy. All animals
were maintained according to the guidelines of the Laboratory
Animal Service at the University of Hawaii and those prepared
by the Committee on Care and Use of Laboratory Animals of the
Institute of Laboratory Animal Resources, National Research
Council (16). The protocol of animal handling and treatment was
reviewed and approved by the Animal Care and Use Committee
at the University of Hawaii.

Reagents and Media. All chemicals were obtained from Sigma
unless otherwise stated. The following solutions of 10 mM
Tris�HCl buffer with various concentrations of NaCl and EGTA
[ethylene glycol-bis(�-aminoethyl ether)-N,N,N�,N�-tetraacetic
acid] were used for suspending spermatozoa for freezing and
freeze-drying: (i) 20 mM NaCl and 50 mM EGTA, (ii) 50 mM
NaCl and 50 mM EGTA, (iii) 50 mM NaCl and 10 mM EGTA,
and (iv) 80 mM NaCl and 50 mM EGTA. These solutions were
referred to as EGTA media and were prepared from stock
solutions of 5 M NaCl, 0.5 M EGTA (pH 8.0, adjusted with
NaOH), and 1 M Tris�HCl (pH 7.4) previously made up and
diluted with ultrapure water (Millipore Systems). The pH of the
final EGTA media was 8.2 to 8.4. The medium for oocyte
collection and sperm injection was a modified CZB with 20 mM
Hepes, 5 mM NaHCO3, and 0.1 mg�ml polyvinyl alcohol (PVA;
cold water soluble; Mr 30,000–50,000) instead of BSA (Hepes-
CZB; ref. 17). Oocytes were cultured after sperm injection in
CZB medium (18, 19) supplemented with 5.56 mM glucose and
5 mg�ml BSA (fraction V, Calbiochem). CZB medium was
maintained in 5% CO2 in air and Hepes-CZB in air.

Abbreviations: EGTA, ethylene glycol-bis(�-aminoethyl ether)-N,N,N�,N�-tetraacetic acid;
ICSI, intracytoplasmic sperm injection technique.
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Sperm Collection, Freezing, and Freeze-Drying. For each experiment
two caudae epididymides of a male were removed and punctured
with a sharply pointed forceps. Dense masses of spermatozoa
squeezed from the epididymis were placed in the bottom of a
1.5-ml polypropylene microcentrifuge tube (flat top, Fisher)
containing 1 ml of one of the NaCl�EGTA Tris�HCl-buffered
solutions or 1 ml of CZB or Hepes-CZB culture medium. The
tube was incubated for 10 min at 37°C to allow spermatozoa to
disperse. The upper 700–800 �l of the sperm suspension in the
tube was collected and 100-�l aliquots were transferred to either
1.5-ml polypropylene microcentrifuge tubes for freezing or 2-ml
glass ampoules (Wheaton Scientific) for freeze-drying. The
microcentrifuge tubes were placed directly in �20°C and �75°C
freezers or plunged directly into liquid nitrogen and stored at
these temperatures, respectively, until use. The glass ampoules
with the sperm suspension were plunged into liquid nitrogen for
20 sec and then connected to a freeze-drying apparatus (Freeze-
dry system, Labconco, Kansas City, MO) (Fig. 1A). After more
than 4 h under lyophilization, each ampoule was flame-sealed
(Fig. 1B). The inside pressure of ampoules at the time of sealing
was 32–40 � 10�3 mbar (1 bar � 100 kPa). The ampoules were
stored in the refrigerator at 4°C until use.

Preparation of Oocytes. Female mice were superovulated with i.p.
injections of 5 units of equine chorionic gonadotropin (eCG) and
5 units of human chorionic gonadotropin (hCG) (Calbiochem)
given 48 h apart. Oocytes were collected from oviducts between
13 h and 16 h after hCG injection. They were freed from cumulus
cells by treatment with 0.1% bovine testicular hyaluronidase

(340 units�mg solid; Sigma) in Hepes-CZB medium. They were
washed and kept in CZB medium at 37°C in 5% CO2 in air before
sperm injection.

Preparation of Spermatozoa for ICSI. The frozen sperm samples
were thawed by warming the microcentrifuge tubes in a water
bath at 37°C. The freeze-dried sperm samples were rehydrated
by adding 100 �l of ultrapure water to each glass ampoule. A
small volume (1–5 �l) of the sperm suspension from the thawed
or rehydrated samples was thoroughly mixed with one drop (5–10
�l) of Hepes-CZB medium containing 12% (wt�vol) polyvi-
nylpyrrolidone (PVP; Mr 360,000; ICN Pharmaceuticals). It was
important to wash spermatozoa in another drop of the same
medium containing 12% PVP before ICSI to minimize the
introduction of EGTA into the oocyte cytoplasm because the
EGTA might interfere with the normal activation of the oocyte
(20, 21).

ICSI. ICSI was carried out with modification of the technique
originally described by Kimura and Yanagimachi (17); the sperm
injections were performed at room temperature (25°C) rather
than 17°C. A single spermatozoon was drawn tail first into the
injection pipette and moved back and forth until the head-
midpiece junction (the neck) was at the opening of the injection
pipette. The head was separated from the midpiece and tail by
applying one or more piezoelectric pulses (17). After the mid-
piece and tail had been discarded, the head was redrawn into the
pipette and injected into an oocyte. The head and tail of many
freeze-dried spermatozoa were separated, and therefore their
separation by piezoelectric pulses was unnecessary in most cases.
ICSI was completed within 1 h of rehydration of freeze-dried
spermatozoa or thawing of frozen spermatozoa.

Culture and Examination of Oocytes. Sperm-injected oocytes were
transferred into droplets (50–100 �l) of CZB medium under
mineral oil (Squibb) and incubated at 37°C in a humidified
atmosphere of 5% CO2 in air. Oocytes with a second polar body
and two pronuclei at 5–6 h after ICSI were considered normally
fertilized. The fertilized oocytes were either taken at 6–8 h after
ICSI to incubate with vinblastine for chromosome analysis (see
below) or left in culture to assess development to the blastocyst
stage at 96 h after ICSI. Some of the embryos were transferred
at the two-cell stage—i.e., 24 h after ICSI—to pseudopregnant
recipients.

Embryo Transfer. Two-cell embryos were transferred into oviducts
of pseudopregnant CD-1 females (albino) that had mated with
vasectomized CD-1 males (albino) the previous night. Postim-
plantation development was assessed on day 14 of pregnancy,
when the number of implantation sites and normally developing
fetuses were recorded. In practice this provides information on
the extent of early embryonic loss after implantation, and normal
fetuses at day 14 of pregnancy very rarely fail to develop to full
term.

Chromosome Analysis. Chromosome preparations were made ac-
cording to procedures described previously (22, 23). At 6–8 h
after ICSI, activated oocytes with two pronuclei and a second
polar body were placed into a CZB medium containing 0.006
�g�ml vinblastine to arrest the metaphases of the first cleavage.
After treatment with vinblastine for 19–21 h, the zona pellucida
was removed with 0.5% Pronase (1,000 tyrosine units�mg;
Kaken Pharmaceuticals, Tokyo) before placing the oocytes in a
hypotonic citrate solution (1:1 mixture of 30% FBS and 1%
sodium citrate). Fixation of the oocytes and spreading of chro-
mosomes onto glass slides were performed according to the
method of Kamiguchi and Mikamo (24). Structural chromosome

Fig. 1. Freeze-drying spermatozoa. (A) Six ampoules with spermatozoa,
attached to a freeze-drying apparatus. Each ampoule is to be flame-sealed at
the end of lyophilization. (B) White material at the bottom of each ampoule
contains freeze-dried spermatozoa.
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aberrations were scored as outlined previously (25). The number
of aberrations per oocyte was recorded without discriminating
between paternal and maternal pronuclei. In this study, only
oocytes with 40 chromosomes and without structural chromo-
some aberrations were recorded as karyotypically normal. Un-
countable numbers of aberrations such as chromosome frag-
mentation and multiple exchanges were defined as �10
aberrations per oocyte.

Analysis of Data. Treatment comparisons were made with the �2

test using Yates’ correction for continuity and Fisher’s exact test
where appropriate.

Results
In experiments with B6D2F1 hybrid males, the spermatozoa
swam very actively at first in the EGTA media, but motility was
gradually lost and after 10 min they were virtually all immotile.
Live�dead staining using a Live�Dead viability kit (FertiLight;
Molecular Probes) showed that 70–90% (average 85%) of the
spermatozoa were ‘‘alive’’—i.e., plasma membranes were in-
tact—after the 10-min incubation (Fig. 2). The sperm concen-
tration in the dispersed samples was 1–2 � 106 spermatozoa
per ml.

The chromosome analysis of fertilized B6D2F1 oocytes gen-
erated by ICSI with B6D2F1 spermatozoa that were suspended
in different media for freezing and freeze-drying is presented in
Table 1. In the Tris�HCl-buffered medium, concentrations of 50
mM EGTA and 50 mM NaCl were found to be most effective at

maintaining chromosome integrity after freezing to �75°C and
�196°C and after freeze-drying. The proportion of normal
karyotypes was similar to that obtained with fresh spermatozoa
dispersed in either the EGTA medium or Hepes-CZB medium.
Chromosomal aberrations increased significantly when sperma-
tozoa were frozen in Hepes-CZB or freeze-dried in CZB me-
dium. When spermatozoa were frozen in CZB medium there was
only a slight reduction in the proportion of normal karyotypes
compared with fresh spermatozoa in Hepes-CZB medium (92%
vs. 81%). Variations in the concentrations of EGTA or NaCl
above and�or below 50 mM had an adverse effect on chromo-
some integrity.

The chromosome analysis of fertilized B6D2F1 oocytes gen-
erated by ICSI from 129�SvJ, BALB�c, and C57BL�6J sperma-
tozoa after freezing and freeze-drying is presented in Table 2.
The proportion of normal karyotypes obtained with fresh 129�
SvJ and BALB�c spermatozoa was significantly higher after
dispersion in EGTA medium compared with Hepes-CZB
medium. There was a significant reduction in chromosome
normality with freeze-dried spermatozoa from both of these
strains, and this was most pronounced in the 129�SvJ strain.
Although fresh C57BL�6J spermatozoa were not examined in
this study, a high proportion of normal karyotypes was ob-
tained in oocytes injected with both frozen and freeze-dried
spermatozoa.

The development of embryos generated from B6D2F1 oocytes
injected with fresh, frozen, or freeze-dried B6D2F1 spermatozoa
is presented in Table 3. Activation of the oocytes was reduced

Fig. 2. Spermatozoa before and after freeze-drying. (A) Phase-contrast micrograph of spermatozoa in EGTA medium before freeze-drying, showing that most
spermatozoa are structurally intact. (A�) Live�dead staining of spermatozoa in EGTA medium. Nuclei of ‘‘live’’ (plasma membrane-intact) spermatozoa fluoresce
green, whereas those of ‘‘dead’’ (plasma membrane-disrupted) spermatozoa fluoresce red. (Bar equals 50 �m.) Spermatozoa in A and A� are not in the same
field of preparation. (B) Phase-contrast micrograph of freeze-dried spermatozoa, showing that many spermatozoa lost part or all of their tails (yellow arrows).
(B�) Live�dead staining of freeze-dried spermatozoa, showing that all of them are ‘‘dead.’’
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after injection with freeze-dried spermatozoa, but the propor-
tion was still extremely high. There was also a slight reduction in
the number of two-cell embryos developing to the blastocyst
stage, and this may reflect the higher proportion of abnormal
karyotypes observed at first cleavage after injecting freeze-dried
spermatozoa (�10%).

A summary of the postimplantation development of two-cell
embryos generated by ICSI of fresh, frozen, and freeze-dried
spermatozoa from the various strains is shown in Table 4. In all
cases the two-cell embryos were derived from oocytes and
spermatozoa of the same strain. Morphologically normal live
14-day-old fetuses were obtained in all strains with fresh, frozen,
and freeze-dried spermatozoa. Overall, the proportion of trans-
ferred embryos implanting was high. Only with embryos derived
from fresh 129�SvJ and freeze-dried C57BL�6J spermatozoa
was there a significant reduction in implantation. In all strains
early embryonic loss after implantation was similar for embryos
from fresh and frozen spermatozoa but greater after freeze-
drying. However, the number of fetuses was reduced only with
B6D2F1 and C57BL�6J embryos derived from freeze-dried
spermatozoa.

Discussion
We have shown that chromosome integrity of mouse sperma-
tozoa can be maintained during freeze-drying or freezing with-

out cryoprotection when the spermatozoa are suspended in a
simple Tris�HCl-buffered solution containing 50 mM EGTA and
50 mM NaCl. This somewhat ‘‘unphysiological’’ solution affords
sufficient protection to the DNA to enable normal development
of embryos generated from spermatozoa suspended in it for
storage. We also have preliminary evidence indicating that this
EGTA medium can maintain the chromosomal integrity of
human and rabbit spermatozoa after freeze-drying (unpublished
observations).

Overall a high proportion of oocytes (�90%) activated spon-
taneously after sperm head injection (data not shown), indicat-
ing that the sperm-activating molecule (26) was not destroyed by
freeze-drying or freezing. The proportion of chromosome ab-
errations is similar to that found after ICSI with fresh sperma-
tozoa (�9%; ref. 23). Since almost 100% of mouse oocytes
fertilized in vivo are karyologically normal (27, 28), it would
appear that the ICSI procedure per se, independently of freezing
or freeze-drying, has some adverse affect upon chromosome
stability. For mouse ICSI, the sperm neck region is damaged (17)
or heads are separated from tails (29) before injection into the
oocytes, and it would appear that the resulting damage to the
plasma membrane increases the chance of chromosome aberra-
tions occurring in the resulting embryo. Sonication and freezing
of human spermatozoa without cryoprotection has been
reported to increase chromosome structural aberrations (30,

Table 1. Chromosome analysis of B6D2F1 oocytes fertilized by ICSI with fresh, frozen, or freeze-dried B6D2F1 spermatozoa:
Comparison of different media for sperm dispersion and storage

Medium for sperm
dispersion and storage

Sperm
treatment

Final freezing
temp., °C

Sperm storage
No. oocytes analyzed

(No. exps.)

No. chromosome
aberrations
per oocyte

No. (%) oocytes
with normal karyotypeTemp., °C Time, days

Hepes-CZB Fresh — — — 145 (9) 0.083 134 (92)a

Frozen �196 �196 �1 58 (4) 1.00 37 (64)a

CZB Frozen �196 �196 �1 118 (7) 0.41 96 (81)b

Freeze-dried �196 4 2 to 63 63 (4) 1.2 33 (52)b

NaCl�EGTA*
50 mM�50 mM Fresh — — — 98 (4) 0.07 91 (93)c

Frozen �20 �20 Up to 14 51 (4) 0.67 37 (73)c

Frozen �75 �75 Up to 14 63 (4) 0.10 58 (92)
Frozen �196 �196 �1 63 (4) 0.16 56 (89)
Freeze-dried �196 4 Up to 21 105 (9) 0.43 87 (83)d,e,f

20 mM�50 mM Freeze-dried �196 4 Up to 28 89 (4) 0.72 60 (67)d

80 mM�50 mM Freeze-dried �196 4 Up to 14 52 (4) 1.2 28 (54)e

50 mM�10 mM Freeze-dried �196 4 Up to 21 65 (5) 3.9 12 (18)f

Statistically significant �2 comparisons, comparing same letters: a, b, e, and f, P � 0.001; c, P � 0.01; d, P � 0.025.
*Various concentrations of NaCl and EGTA in 10 mM Tris�HCl buffer, pH 8.2–8.4.

Table 2. Chromosome analysis of B6D2F1 oocytes fertilized by ICSI with spermatozoa from 129�SvJ, BALB�c, and C57BL�6J inbred
strains after freezing and�or freeze-drying

Sperm
treatment

Medium for
dispersion

and storage
Mouse
strain

Final
freezing
temp.,

°C

Sperm storage No.
oocytes

analyzed
(No. exps.)

No.
chromosome
aberrations
per oocyte

No. (%)
oocytes with

normal
karyotype

Temp.,
°C

Time,
days

None (fresh) Hepes-CZB 129�SvJ — — — 78 (5) 1.0 53 (68)a

BALB�c — — — 72 (5) 0.64 47 (65)b

EGTA* 129�SvJ — — — 76 (4) 0.3 64 (84)a,c

BALB�c — — — 61 (5) 0.066 58 (95)b,d

Frozen EGTA* C57BL�6J �75 �75 Up to 14 64 (4) 0.19 55 (86)
Freeze-dried EGTA* C57BL�6J �196 4 Up to 56 92 (5) 0.55 67 (73)e

129�SvJ �196 4 Up to 42 78 (6) 1.1 42 (54)c,e,f

BALB�c �196 4 Up to 42 60 (5) 0.25 49 (82)d,f

Statistically significant �2 comparisons, comparing same letters: b, c, d, and f, P � 0.001; e, P � 0.025; a, P � 0.05.
*Composition of EGTA medium: 50 mM NaCl, 50 mM EGTA, and 10 mM Tris�HCl.
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31). However, it is more likely that prolonged exposure of
membrane-damaged spermatozoa to culture media rather than
sonication or cryopreservation themselves is detrimental to
chromosomal stability (23).

Freezing and thawing per se does not appear to damage DNA
(32). The DNA integrity of mammalian sperm cells (hamster,
ref. 33; human, ref. 34) and somatic cells (human blood, ref. 35)
is maintained during freezing and thawing by methods that
achieve optimal rates of cell survival. The comet assay (36, 37)
shows that cryopreserved human lymphocytes elicit the same
response to the induction of DNA damage by treatment with
H2O2 as similarly treated freshly isolated human lymphocytes
(38). This suggests that DNA damage is induced by mechanical
or oxidative stress not during freezing or freeze-drying but
during the holding period before ICSI after thawing or rehy-
dration. Enriching the suspending media for isolated sperm
heads with K�, to simulate the intracellular environment, main-
tained chromosome integrity for longer periods than in Na�-rich
culture media (29). The release of endogenous nucleases from
plasma membrane-damaged spermatozoa after sperm head iso-
lation, freeze-drying, or freezing without cryoprotection is the
most likely cause of the structural chromosome aberrations.
Maione et al. (39) reported the existence of Ca2�-dependent
endogenous nucleases in mouse spermatozoa. The presence of
the chelating agent EDTA and the absence of Ca2� and Mg2�

from K�-rich media for sperm head isolation probably contrib-
uted to the improvement in chromosome stability (23, 29).
Surprisingly, the greatest stability of chromosome structure was
obtained with an extremely high concentration of EGTA (50

mM). The other Tris�HCl-buffered media with lower and higher
levels of Na� (20 and 80 mM) or a lower concentration of EGTA
(10 mM) were much less effective in maintaining sperm chro-
mosome integrity (Table 1). Our initial experience with EGTA
media with low pH showed that it negatively affected chromo-
some stability. Why high pH (8.2–8.4) is important is presently
not known, but it may assist in repressing the activity of the
endogenous endonucleases. Sperm chromosome aberrations
might be further reduced if Ca2� is removed from the injection
medium. Previous reports have not examined the individual
effect of Ca2�, Mg2�, Na�, or K� in the sperm injection medium
on sperm chromosome stability.

Preservation of spermatozoa from inbred strains that have
previously proved difficult to conserve by conventional tech-
niques of freezing and in vitro fertilization is a great advance for
the preservation of inbred lines carrying mutations and trans-
genes. In this study we have shown that with relatively few
oocytes a sufficient number of viable progeny to re-establish the
strains can be generated after ICSI with freeze-dried and frozen
spermatozoa.

The storage of mouse spermatozoa in the freeze-dried state
offers many advantages over cryostorage at �196°C where a
constant supply of liquid nitrogen is difficult or liquid nitrogen
storage containers may break down or become contaminated. In
addition, storage at ambient temperatures is cheap and also
facilitates transport of samples between countries. We have
already found that samples can be transported over long dis-
tances at ambient temperatures without any increase in
chromosome damage or loss of developmental potential

Table 3. In vitro development of B6D2F1 oocytes fertilized by ICSI with fresh, frozen, or freeze-dried B6D2F1 spermatozoa

Sperm treatment
Sperm freezing

medium
Sperm storage

time, days
No. oocytes injected

(No. exps.)
No. (%) oocytes

activated*
No. (%)

2-cell embryos
No. (%)

blastocysts

Fresh Hepes-CZB — 71 (4) 71 (100) 71 (100) 61 (86)a

Frozen and kept
at �75°C

EGTA† Up to 112 96 (4) 95 (99) 94 (99) 75 (80)

Freeze-dried and
kept at 4°C

EGTA Up to 28 158 (7) 135 (85) 133 (99) 96 (72)a

Statistically significant �2 comparison: a, P � 0.05.
*Activated oocytes with two pronuclei and the second polar body.
†Composition of EGTA medium: 50 mM NaCl, 50 mM EGTA, and 10 mM Tris�HCl.

Table 4. Postimplantation development of oocytes fertilized by ICSI with fresh, frozen, or freeze-dried spermatozoa

Sperm treatment

Medium for
sperm

dispersion
and storage

Mouse
strain

Sperm
storage
time,
days

No. 2-cell
embryos*

transferred
(No. exps.)

No.
recipients†

Examination on day 14 post coitum

No. (%)
implants

No. (%)
normal
fetuses Range

Fresh Hepes-CZB B6D2F1 — 94 (8) 12 75 (80) 54 (57)b 0–83
C57BL�6J — 48 (6) 6 36 (75) 26 (54)c 29–73
129�SvJ — 54 (4) 4 37 (69) 22 (41) 13–58
BALB�c — 65 (4) 4 36 (55) 16 (25) 14–40

Frozen and kept
at �75°C

EGTA‡ B6D2F1 Up to 28 66 (4) 8 46 (70) 31 (47) 14–70
C57BL�6J Up to 28 76 (7) 8 68 (89)a 42 (54)d 30–90
129�SvJ Up to 42 43 (4) 4 31 (72) 19 (44) 38–67

Freeze-dried and
kept at 4°C

EGTA‡ B6D2F1 Up to 14 98 (5) 8 72 (73) 37 (38)b 11–56
C57BL�6J Up to 56 176 (17) 18 112 (64)a 43 (24)c,d 0–69
129�SvJ Up to 56 60 (6) 6 46 (77) 24 (40) 27–50
BALB�c Up to 35 75 (6) 6 58 (77) 16 (21) 6–40

Statistically significant �2 comparisons between treatments within strains: a, c, and d, P � 0.001; b, P � 0.01.
*In all strains two-cell embryos were derived from syngeneic gametes.
†CD-1 females (albino) mated with vasectomized CD-1 males (albino). Two-cell embryos transferred on the first day of pseudopregnancy.
‡Composition of EGTA medium: 50 mM NaCl, 50 mM EGTA, and 10 mM Tris�HCl.
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(unpublished observations). Spermatozoa frozen without
cryoprotection to �75°C generated viable progeny, and this may
be a convenient way to store spermatozoa for the short term
when liquid nitrogen is unavailable, but permanent storage at
�75°C is not recommended because biological activity does not
cease at low temperatures until the temperature falls below
�130°C.

In conclusion, the preservation of spermatozoa by freeze-
drying or freezing in a simple EGTA�Tris�HCl-buffered medium

provides an important means of maintaining a whole spectrum
of mouse strains at low cost without incurring heritable damage.
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