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Phenotypic Analysis of C57BL/6] and FVB/N]J Mice
Generated Using Evaporatively Dried Spermatozoa

Ming-Wen Li,! John D Biggers,®* Mehmet Toner,* Stephen M Griffey,? and KC Kent Lloyd"”

Combination of evaporative drying and frozen storage at —80 °C has been used successfully to preserve hybrid B6D2F1 mouse
spermatozoa. To determine whether this method can be applied equally well to inbred mice, spermatozoa of C57BL/6]J and FVB/
NJ mice were evaporatively dried and stored for 1 mo at —80 °C before being used for intracytoplasmic sperm injection (ICSI)
to produce live offspring. After weaning, 1 male and 1 female mouse from each litter were randomly selected at 8 wk of age for
natural mating to produce live offspring. Results showed that spermatozoa from both inbred strains that had been evaporatively
dried and subsequently stored at —80 °C could be used successfully to derive live, healthy, and reproductively sound offspring by
ICSI. No significant differences were found in embryo transfer rate (number of pups born/number of embryos transferred), lit-
ter size, weaning rate, body weight, number of pathologic lesions, and amount of contamination by pathogens of mice produced
by ICSI using evaporatively dried spermatozoa compared with mice produced by natural mating or by ICSI using fresh (that is,
nonpreserved) spermatozoa. Progeny produced by mating mice generated from ICSI using evaporatively dried spermatozoa were
normal. Therefore, spermatozoa from inbred mouse strains C57BL/6] and FVB/N]J can be preserved successfully after evaporative

drying and frozen storage at —80 °C.

Abbreviations: BSA, bovine serum albumin; EGTA, ethylene glycol tetraacetic acid; ICSI, intracytoplasmic sperm injection

Cryopreservation of mouse sperm in liquid nitrogen was first
reported in 1990.2024%° Today the most widely used method for
mouse sperm cryopreservation is the Nakagata protocol.'” The
purpose of sperm cryopreservation is to preserve the viability
and motility of the spermatozoa so that the spermatozoa, after
thawing, can be used to fertilize ova by in vitro fertilization or by
artificial insemination. However, spermatozoa from some geneti-
cally inbred mouse strains (for example, C57BL/6, BALB/c, 129/
Sv) exhibit substantial variability in survival, recovery, and espe-
cially motility after cryopreservation because of inherent suscepti-
bilities to cryodamage 317212325 This variability limits the success
of artificial reproductive techniques, such as in vitro fertilization
and artificial insemination, using cyopreserved spermatozoa, and
thus hampers the use of sperm cryopreservation procedures for
archiving and preserving mutant mouse lines on inbred back-
grounds, especially C57BL/6.

One means by which to address infertility due to poor sperm
motility after cryopreservation is to use intracytoplasmic sperm
injection (ICSI), a micromanipulation process in which a sper-
matozoon is mechanically injected into the cytoplasm of an
ovum.!%!* Spermatozoa need not be fertile for use in ICSI, and for
mice, only the sperm head is needed to successfully fertilize ova
by ICSL.? In recent years, these features of ICSI have enabled the
introduction of alternative methods for the preservation of mouse
spermatozoa, including freeze drying”*!26%7 and evaporative
drying 21315
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Evaporative drying has considerable advantages over freeze
drying. For example, evaporative drying does not require the use
of liquid nitrogen. In addition, evaporative drying does not re-
quire a freeze-drying machine, because water is removed from the
spermatozoa by directing a stream of inert nitrogen gas at ambient
temperature over the sperm sample. Thus, evaporative drying is a
far simpler, faster, and cheaper method than is freeze drying.

A consideration common to both freeze drying and evapora-
tive drying, however, is the need for very cold temperatures for
storage of mouse spermatozoa dried by either method. Mouse
spermatozoa that have been evaporatively dried deteriorate, and
stored long-term at ambient room (25 °C) or refrigerator (4 °C)
temperatures, are not reliable for producing liveborn offspring us-
ing ICSL.71315 In a previous study, we demonstrated that hybrid
B6D2F1 mouse spermatozoa that had been evaporatively dried
in trehalose—ethylene glycol tetracetic acid solution and stored
at —80 °C for at least 5 mo could be used successfully for ICSI to
produce normal and viable offspring.!® The present study was
designed to determine whether dried and frozen inbred, wild-
type mouse spermatozoa could be used for ICSI to produce viable
offspring and to assess whether those offspring were reproduc-
tively sound.

Materials and Methods

Reagents and media. KSOM** medium?® and FHM medium!?
were purchased from Specialty Media (Phillipsburg, NJ). Polyvi-
nyl pyrrolidone was purchased from Irvine Scientific (Santa Ana,
CA), mercury from Fisher Scientific, and a-trehalose dehydrate
from Ferro-Pfanstiehl Laboratories (Waukegan, IL). Analgesic
(buprenorphine [Buprenex]) was purchased from Western Medi-
cal Supply (Arcadia, CA). Pregnant mare serum gonadotrophin,

469

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25



Vol 57, No 5
Comparative Medicine
October 2007

human chorionic gonadotrophin and all other chemicals were
obtained from Sigma Chemical (St Louis, MO). Na-K-EGTA medi-
um used to collect spermatozoa was Tris-buffered ethylene glycol
tetraacetic acid (EGTA) solution containing 10 mM Tris-HCI, 50
mM NaCl, and 50 mM EGTA, pH-adjusted to 8.2 by using KOH
solution. Na-K-EGTA medium alone and supplemented with 1.0
M trehalose were stored at 4 °C after sterile filtration and used
within 4 and 2 wk, respectively. Used to create transmembrane
channels in the sperm plasma membrane through which treha-
lose was loaded, o hemolysin from Staphylococcus aureus (Sigma
Chemical), was prepared as a 2x stock solution (25 ug/ml) in a
buffered saline solution containing 10 mM NaCl, 120 mM KCl, 5
mM glucose, and 20 mM 4-(2-hydroxyethyl)-1-piperazineethane-
sulfonic acid, pH 7.4, and was stored at —20 °C before use.

Animals. C57BL/6] and FVB/N]J mice (female, 6 to 8 wk of age
and used as egg donors; male, 10 to 12 wk of age and used as
sperm donors) were purchased from The Jackson Laboratory (Bar
Harbor, ME); 8- to 10-wk-old CD1 mice (Charles River Laborato-
ries, Wilmington, MA) were used to produce vasectomized males
and pseudopregnant recipients (0.5 days postcoitum) for embryo
transfer. All mice were housed in individually ventilated plastic
cages (BioZone, Fort Mill, SC) with bedding made from reclaimed
wood pulp (Absorption Corporation, Bellingham, WA) in a spe-
cific-pathogen—free barrier facility with a 14:10-h light:dark cycle
according to standard operating procedures of the Center for
Laboratory Animal Science (University of California, Davis, CA).
Mouse food was purchased from LabDiet (Richmond, IN), and
water was deionized and autoclaved. Mouse euthanasia was car-
ried out by CO, administration followed by cervical dislocation.
The care, use, and disposition of all mice used in this study were
reviewed and approved by the Institutional Animal Care and Use
Committee of the University of California at Davis.

Experimental design. Unfertilized ova were fertilized by using
3 types of sperm delivery: natural mating, ICSI using fresh sper-
matozoa, and ICSI using rehydrated evaporatively dried sper-
matozoa after storage for 30 d at =80 °C. For both C57BL/6] and
FVB/NJ inbred mouse lines, 5 or 6 male mice were used as sires
for natural mating (1 male and 1 female mouse in each breeding
pair); female mice were induced to superovulate by injections
of pregnant mare serum gonadotrophin and human chorionic
gonadotrophin according to standard procedures (described in a
following section). Fertilized 1-cell-stage eggs were collected from
the oviducts of plugged females (natural mating group).

The male mouse that had been used to produce the naturally
fertilized embryos was euthanized, and its spermatozoa were
collected from the caudal epididymides into prewarmed Na-K-
EGTA medium. The freshly harvested spermatozoa were split
into 2 samples, one of which was used immediately for ICSI
into freshly harvested ova to produce fertilized embryos (fresh
sperm group). The other aliquot was evaporatively dried and
subsequently stored for 30 d at —80 °C, after which time it was
rehydrated and used for ICSI into freshly harvested ova to pro-
duce fertilized embryos (evaporated sperm group). Fertilized
1-cell stage eggs from all 3 experimental groups were cultured in
KSOMA4 medium. After reaching the 2-cell stage, embryos were
transferred into the oviducts of pseudopregnant female CD1 re-
cipient mice 0.5 d postcoitus with a vasectomized stud male CD1
mouse confirmed to be sterile by using standard techniques.16
All pregnant recipients were allowed to go to term and give birth
(first generation).
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Figure 1. Evaporative drying system for sperm. Compressed ultrapure
nitrogen gas is blown through a regulator and flow meter, into the drying
chamber, and out through a hole at the right end of the drying chamber.
A glass slide with 2 10-mm circular areas and a silicone isolator and a
sperm sample on a glass slide vacuum-sealed in a metallized nylon bag
also are shown.

For each strain, the date of birth of each litter was recorded, and
the body weight of each pup was measured on days 14, 28, 35,
and 42. All pups were weaned at 21 d of age. When the progeny
were 8 wk old, 1 male and 1 female mouse from each of 4 to 6 lit-
ters within a group were chosen randomly as breeding pairs for
natural mating to produce offspring of the second generation. The
pups of the second generation were weaned at 21 d of age, and
body weights were measured on days 14, 28, and 42.

Sperm treatment and evaporative drying. Sperm samples were
collected and evaporatively dried by using methods published
previously.'315 Briefly, male mice were euthanized, and sperma-
tozoa were harvested into 0.5 ml of prewarmed Na-K-EGTA me-
dium by gently puncturing and expressing spermatozoa from the
caudal epididymides by using sterile needles under a dissecting
microscope. After removal of the epididymal tissue, spermatozoa
were incubated at 37.5 °C for 10 min to allow for sperm disper-
sion. Then, 100 pl sperm suspension was mixed with an equal
volume of 25 ug/ml a-hemolysin solution for 30 min at room
temperature in the dark to permeabilize spermatozoa. After per-
meabilization, 200 pl of 1.0 M trehalose in Na-K-EGTA medium
was added (final concentration of trehalose, 0.5 M) to the sperm
suspension, mixed, and allowed to sit for 15 min at room tem-
perature in the dark for trehalose loading. Sperm samples were
kept on ice before evaporative drying.

Instrumentation and procedures for evaporative drying were
the same as those described previously?!315 (Figure 1). The dry-
ing chamber was made by the Center for Engineering in Medicine
(Massachusetts General Hospital, Harvard Medical School, Bos-
ton, MA). Briefly, after trehalose loading, 20-ul aliquots of sperm
suspensions were placed within a 10-mm circular area demarcat-
ed on a sterile glass slide (Ted Pella, Redding, CA). The slide then
was placed into a evaporative drying chamber and evaporatively
dried by blowing of compressed ultrapure-grade nitrogen gas
directly through the chamber for 5 min at a flow rate of 10 1/min.
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Figure 2. Photomicrographs of (A) fresh C57BL/6] sperm and (B) evaporatively dried sperm after storage at =80 °C for 10 mo, (C) sperm heads sepa-
rated from sperm tails by piezoelectricity-driven needle, and (D) an ovum after ICSI of a sperm head. Fresh sperm were incubated in 10% polyvinyl
pyrrolidone in FHM medium for about 1 h prior to ICSI. Bar, 20 um in A, B, C and 15 pm in D.

Afterward, a silicone isolator (Press-to-Seal Without Adhesive,
Grace Bio-Labs, Bend, OR) was placed around the partially dried
sperm sample and covered with a sterile glass coverslip. The slide
then was vacuum-sealed in a metallized nylon bag (Impak, Los
Angeles, CA) by using a vacuum sealer (Impak) before being
stored at —80 °C for 30 d with the sperm samples facing up.

Superovulation and ICSI. Female mice were superovulated by
intraperitoneal injection of 5 IU pregnant mare serum gonado-
trophin, followed 46 to 48 h later by intraperitoneal injection of
5 IU human chorionic gonadotrophin; mice were euthanized 14
to 15 h later after injection, and oocyte—cumulus complexes were
collected from oviducts and placed into warm FHM medium.
Cumulus cells were dissociated from oocyte-cumulus complexes
by treatment with 300 U/ml bovine testis hyaluronidase in FHM
medium for about 5 min at room temperature. Oocytes were
washed in preequilibrated KSOM”4 medium and then cultured
in this medium at 37.5 °C in humidified 5% CO, and 95% air be-
fore being used for ICSI. Oocytes were used for ICSI within 3 h
after collection.

ICSI was performed on an inverted microscope with Narishige
micromanipulators (TE200, Nikon, Melville, NY) at room tem-
perature, as described previously.!® Briefly, the package con-
taining the sperm sample was thawed at 37 °C in air for 5 min

before opening. The cover glass and gasket were removed, and
the sperm sample was rehydrated by addition of 20 pl of FHM
medium (without bovine serum albumin [BSA]) containing 0.01%
(w/v) polyvinyl alcohol (cold-water—soluble; molecular weight,
30 to 70 kDa). A small amount (approximately 0.1 pl) of rehydrat-
ed sperm suspension was transferred by using a mouth pipette
into a 5-ul drop of 10% polyvinyl pyrrolidone (w/v, in BSA-free
FHM medium) under mineral oil and mixed thoroughly. An
individual spermatozoon was aspirated, tail first, into the ICSI
pipette (diameter, approximately 7 um), and then 3 to 6 piezoelec-
tric pulses were applied to the neck region (intensity, 4 to 5; speed,
3 to 4, PMM Controller, Prime Tech, Ibaraki, Japan) to separate the
sperm head from the tail. A group of about 10 sperm heads (Fig-
ure 2) was washed in another drop of 10% polyvinyl pyrrolidone
before being loaded into the ICSI pipette.

ICSI was done in a drop of BSA-free FHM medium containing
0.01% PVA. Piezoelectric parameters used for zona penetration
were an intensity of 2 to 3 and speed of 3 and for oolemma break-
ing were an intensity of 1 to 2 and speed of 1. Injected oocytes
(Figure 2) were washed, incubated in equilibrated KSOMA4 me-
dium (50-ul drops under mineral oil) at 37.5 °C in humidified 5%
CO, and 95% air, and cultured overnight. Embryos that reached
the 2-cell stage were transferred into the oviducts of 0.5 d post-
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Table 1. Fertilization, embryo transfer, and weaning rates and sex ratios of mice produced by natural mating, after ICSI with fresh spermatozoa, and
after ICSI with evaporatively dried spermatozoa after 30 d of storage at —80 °C (first generation)

Natural mating Fresh sperm Evaporated sperm

C57BL/6 mice

No. of male mice used 6 6 5
No. of female mice used 6 7 6
No. of ova injected not applicable 116 104
No. of ova that survived ICSI (%) not applicable 92 (79) 87 (84)
No. of 2-cell embryos obtained® 101 87 80
Fertilization rate (%)° not applicable 94.6 92.0
No. of recipients used 6 7 6
No. of litters obtained 6 7 6
No. of pups born 35 38 36
Embryo transfer rate® 347 43.7 45.0
Weaning rate (%) 100 100 100
Sex ratio (male/female) 1.3 (20/15) 2.8 (28/10) 2.3 (25/11)
FVB/N mice

No. of male mice used 5 5 5
No. of female mice used 7 6 8
No. of ova injected not applicable 133 165
No. of ova that survived ICSI (%) not applicable 116 (87) 148 (90)
No. of 2-cell embryos obtained?® 107 108 138
Fertilization rate (%) not applicable 93.1 93.2
No. of recipients used 7 6 8
No. of litters obtained 7 6 8
No. of pups born 54 40 50
Embryo transfer rate 50.5 37.0 36.2
Weaning rate (%) 100 100 100
Sex ratio (male/female) 0.7 (23/31) 0.8 (18/22) 1.2 (27/23)

2All of the 2-cell embryos obtained were transferred.
b100% x no. of 2-cell embryos obtained /no. of ova that survived.
€100% X no. of pups born/no. of 2-cell embryos obtained.

coitus pseudopregnant CD1 recipients anesthetized with 2.5%
tribromoethanol. Recipients were kept warm on a heating pad
until fully recovered from anesthesia. Before the mouse was fully
conscious, 0.1 ml of 0.03 mg/ml buprenorphine was injected sub-
cutaneously to provide postoperative analgesia.

Necropsy and pathology examination. The procedures of sperm
collection, sperm evaporative drying, sperm storage, and ICSI
were performed in a nonspecific-pathogen—free barrier labora-
tory. To determine whether ICSI, evaporative drying, and storage
at -80 °C damaged the spermatozoa sufficiently to produce non-
lethal pathologic defects in liveborn offspring, 1 or 2, 6- to 7-wk-
old mice (1 male and 1 female when available) from each of 5
representative litters from each of the 2 generations of each of the
3 experimental groups were randomly selected for gross necropsy
and histologic pathology. Organs for histologic pathology includ-
ed liver, kidney, spleen, mesenteric lymph node, pancreas, heart,
lung, thymus, brain, adrenal gland, reproductive tract, urinary
bladder, stomach, cecum, small intestine, and colon.

To ensure that any physiologic, reproductive, or pathologic
abnormalities were not secondary to contamination caused by ad-
ventitious pathogens, diagnostic screening for infectious agents
was performed on 1 or 2 random 6- to 7-wk-old mice from each
of the 5 representative litters in the first generation from the 3
experimental groups. The screening included gross examination,
cecal and nasopharyngeal aerobic cultures for bacterial patho-
gens, cecal and pelage examination for parasites (pinworms and
fur mites), and enzyme-linked immunosorbent assay to detect
serum antibodies to mouse hepatitis virus, Sendai virus, pneu-
monia virus of mice, mouse parvovirus, minute virus of mice,
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Mycoplasma pulmonis, Theiler murine encephalomyelitis virus, ec-
tromelia virus, rotavirus, mouse adenovirus 1 and 2, lymphocytic
choriomeningitis virus, and reovirus 3.

Statistical analysis. Data are expressed as mean * standard error
of the mean. One-way analysis of variance and the Student ¢ test
were applied, and the probabilities were computed exactly using
StatXact 7 software (Cytel Statistical Software, Cambridge, MA). A
P value of less than 0.05 was considered statistically significant.

Results

Effect of sperm evaporative drying and frozen storage on fer-
tilization rate and embryo development. The fertilization rates
(no. of 2-cell embryos/no. ova that survived ICSI) of ova injected
with fresh spermatozoa and evaporatively dried spermatozoa fol-
lowed by 30 d storage at -80 °C were similar among and between
C57BL/6] and FVB/NJ mice (Table 1). In addition, the embryo
transfer rates (no. of pups born/no. of 2-cell embryos obtained)
by using 2-cell embryos produced after natural mating and 2-cell
embryos produced by ICSI using either fresh or evaporatively
dried spermatozoa were similar among mice of each strain and
between the 2 strains. Further, all of the pups born to both strains
of mice were weaned successfully (weaning rate 100% in all 3
experimental groups). More male pups were obtained in both
the fresh sperm group and evaporatively dried sperm group of
C57BL/6] mice, but the ratios were not significantly different
from the ratio in the natural mating group.

For both the C57BL/6] and FVB/NJ strains, evaporatively
dried sperm after 30 d of storage at -80 °C and rehydration had
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Table 2. Body weights (g; mean * standard error of the mean) of mice produced by natural mating, ICSI with fresh spermatozoa, and ICSI with
evaporatively dried spermatozoa after 30 d of storage at -80 °C (first generation)

Natural mating

Fresh sperm Evaporated sperm

C57BL/6 mice

day 14 9.1+£0.1
day 28 (males) 19.5+0.7
day 28 (females) 175+£0.5
day 35 (males) 23.2+0.7
day 35 (females) 21.0+04
day 42 (males) 262+0.8
day 42 (females) 223+05
FVB/N mice

day 14 8.5+0.2
day 28 (males) 21.8+0.4
day 28 (females) 17.8+0.4
day 35 (males) 25.0+04
day 35 (females) 202+04
day 42 (males) 272+04
day 42 (females) 21.9+0.5

9.3+0.2 92+0.2
20.0+0.3 20.4+0.4
181+£0.7 17.7£0.6
250+04 24.6+0.4
20.1£ 0.4 20.3+0.3
269+04 26.6+0.4
21.0+05 22.1+0.4

8.6+0.2 8.6+0.2
209+0.5 21.8+0.4
18.7+0.4 18.6£0.3
243+0.4 241+0.6
209+0.4 20.6+0.3
27.1+04 26.9+0.4
222+0.7 209+0.4

Table 3. Litter sizes, weaning rates, and gender ratios of mice produced by natural mating, after ICSI with fresh spermatozoa, and after ICSI with
evaporatively dried spermatozoa after 30 d of storage at —80 °C (second generation)

Natural mating

Fresh sperm Evaporated sperm

C57BL/6 mice

No. of breeding pairs 4

No. of pups born 21
Litter size 3to7
Weaning rate (%) 100
Gender ratio (male/female) 1.1 (11/10)
FVB/N mice

No. of breeding pairs 6

No. of pups born 54
Litter size 6to12
Weaning rate (%) 100
Gender ratio (male/female) 1.0 (27/27)

4 4
22 17
3to7 3to5
100 100
0.8 (10/12) 0.9 (8/9)
5 5
44 47
7 to 11 6to12
100 100
0.8 (19/25) 1.0 (24/23)

normal morphology, and even after 10 mo of storage, they were
still intact and looked normal (Figure 2).

Effect of evaporative drying and frozen storage of sperm on body
weight of the first generation. To determine whether evaporative
drying and frozen storage of spermatozoa at —80 °C affected the
growth of mice, the pups in each group were weighed on days 14,
28, 35 and 42. Because male mice grow faster than female after 2
wk of age, attention was paid to the gender of pups when mea-
suring body weights on day 28 and after. Pups derived by ICSI
using evaporatively dried spermatozoa grew normally in both
the C57BL/6] and FVB/NJ strains: their body weights were not
significantly different from those of the fresh sperm ICSI group
and the natural mating group (Table 2).

Effect of evaporative drying and frozen storage of sperm on litter
size, gender ratio, and body weight of the second generation. All of
the breeding pairs of C57BL/6] and FVB/NJ mice established from
offspring from the first generation of the 3 experimental groups
(natural mating, fresh sperm and evaporated sperm) each had a
single litter (Table 3). Statistical analysis of the mean litter sizes
within each strain showed that the evaporated sperm group did
not differ significantly from the fresh sperm group and the natural
mating group. In addition, no significant differences in gender ra-
tios within each strain were present between any of the groups.

The body weight of each pup in the second generation was
weighed on days 14, 28, and 42 (Table 4). Statistical analysis
showed that, for both strains, the mean body weights of the pups
on each day in the evaporatively dried sperm group were not sig-
nificantly different from those of the fresh sperm ICSI and natural
mating groups, although there was a trend toward lower body
weight in male C57BL/6] mice in the evaporated sperm group.

Effects of ICSI, evaporative drying, and frozen storage of sperm
on the incidence of nonlethal pathologic changes and susceptibility
to adventitious pathogens. The results of necropsy and histologic
pathology examinations of the 2 generations of C57BL/6] and
FVB/NJ mice are summarized in Table 5. The number of mice
with gross lesions or noteworthy histology lesions did not vary
significantly with respect to generation, group, or strain. Gross
and histologic lesions were found only in C57BL/6] mice and
included a 1- to 3-mm dark-red area on the tip of spleen, lympho-
plasmacytic pancreatitis, mild hepatic necrosis, kidney atrophy,
and mild hydronephrosis.

No evidence of infectious disease was found in any of the first-
generation mice evaluated from the 3 groups from both mouse
strains, and no serum antibodies to the viral pathogens examined
were detected. Bacterial pathogens and parasites (pinworms, fur
mites, and their ova) were absent as well.
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Table 4. Body weights (g; mean * standard error of the mean) of mice produced by natural mating, after ICSI with fresh spermatozoa, and after ICSI
with evaporatively dried spermatozoa after 30 d of storage at -80 °C (second generation)

Natural mating Fresh sperm Evaporated sperm

C57BL/6 mice

day 14 8.1+£0.2 7.7+0.1 7.5+0.2
day 28 (males) 18.8+£0.4 18.6 £0.5 179+04
day 28 (females) 174+£0.3 16.6 £0.3 164+04
day 42 (males) 251+0.7 247+04 239+0.3
day 42 (females) 19.8£0.6 19.4+£0.3 19.1+£0.3
FVB/N mice

day 14 8.1+£0.1 82+0.2 8.3+0.1
day 28 (males) 20.0+04 209+05 20.2+0.3
day 28 (females) 17.4+£0.2 17.1£0.5 176 0.2
day 42 (males) 254+0.5 24.7£0.3 242403
day 42 (females) 205+0.3 21.1£0.3 20.5+0.3

Table 5. Results of necropsy and histologic pathology of mice from the first (F1) and second (F2) generations

No. of mice with lesion(s)

Natural mating Fresh sperm Evaporated sperm

C57BL/6 FVB/N C57BL/6 FVB/N C57BL/6 FVB/N

F1 gross lesion 10f 10 0of 10 10f 10 0of 10 2 0f 10 0of 10

F1 histologic lesion 2 0f 10 0of 10 0of 10 0of 10 10f 10 0of 10

F2 gross lesion 0of 8 0of 10 1of9 0of9 10f 10 0of 10

F2 histologic lesion 0of 8 0 of 10 0of9 0of9 0 of 10 0 of 10
Discussion long tail, is injected into the ovum, to reduce the amount of intro-

Previous studies have demonstrated that trehalose on both
sides of the cell plasma membrane protects mammalian cells
against the potential damaging effects of evaporative drying.*®
Trehalose also had a protective effect on partially evaporative-
ly dried mouse spermatozoa.!®!> When partially evaporatively
dried hybrid B6D2F1 mouse spermatozoa in trehalose-EGTA so-
lution are stored at -80 °C, they can be kept for at least 5 mo,'® and
after rehydration, their heads successfully fertilize mouse ova by
ICSI. In the present report, we demonstrated that evaporatively
dried spermatozoa from inbred C57BL/6] and FVB/NJ mice can
similarly be stored successfully at -80 °C.

The data presented here show that ova fertilized using ICSI
with the heads of evaporatively dried spermatozoa from inbred
C57BL/6] and FVB/NJ mice, stored for 1 mo at -80 °C, can devel-
op into healthy and reproductively sound adult mice. No signifi-
cant differences were found in embryo transfer rate (number of
pups born/number of embryos transferred), litter size, weaning
rate, body weight, number of pathologic lesions, and amount of
contamination with pathogens among the 3 experimental groups
of natural mating, ICSI using fresh spermatozoa, and ICSI us-
ing evaporatively dried spermatozoa. The present study also has
failed to demonstrate any significant effect of using evaporatively
dried mouse spermatozoa, stored at a low temperature, to fertil-
ize ova and on the growth and development of offspring over 2
generations of breeding.

ICSI is a remarkably effective assisted reproductive technique
which bypasses all natural sperm selection processes (cumulus
penetration, zona binding, acrosome reaction, zona penetration,
oolemma fusion, and so forth) by injection of a single spermato-
zoon directly into the ooplasm.' In mice, the head of the sperma-
tozoon is separated from its tail by piezoelectric pulses applied to
the neck region. Only the head of the spermatozoon, but not its
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duced medium. The results of necropsy and histologic pathology
of mice produced by ICSI using fresh and evaporatively dried
and stored spermatozoa demonstrate that the procedures had
no deleterious effects on the offspring spanning 2 generations of
C57BL/6] and FVB/NJ mice. The results further show that evap-
orative drying and storage of spermatozoa at —80 °C had no effect
on 2 generations of offspring after spermatozoa were hydrated
and used to fertilize mouse ova by using ICSL.

This study is the first to demonstrate that the use of ICSI and
dried spermatozoa, stored at a low temperature, does not result in
any noteworthy biologic, reproductive, or pathologic abnormali-
ties in offspring. These results are especially relevant to sperm
preservation in the C57BL/6] strain of mouse. The C57BL/6]
strain is the most widely used strain for studies on the mouse
and human genomes, and many genetic mutants are main-
tained on this background.?® Unfortunately the spermatozoa of
the C57BL/6] strain are very susceptible to freezing 8181923 and
this drawback has complicated archiving and preserving mutant
mouse lines on the C57BL/6] background. Our results show that
the combination of evaporative drying and frozen storage at —-80
°C is a viable approach for preserving spermatozoa of this mouse
strain. Further research is needed to determine whether evapo-
rative drying of mouse spermatozoa of wild-type and mutant
C57BL/6] and other inbred strains can be preserved for longer
times (years) without loosing the ability to fertilize ova and pro-
duce normal offspring.
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