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Summary

Immobilized {(killed) mouse spermatozoa or sperm head were microinjected inta mouse oocyles
matwed i vive and coultured for 72h in werire. Wlen non-capacilated spermatozoon was injecied.
oocytes rhat developed 1o = 2 celi and 2 4-cell was 27.& (15/54) and 3.797 (2/54). respectively. When
not-capacitated sperea head was injected, development 1o = 2-cell and 2 d4-cell was 21.3 [10)75) and
8.09;, (6/75). respectively. When capacitate¢ spermatocoon was injected. developmaent to =2 2-cell and
2= 4ocall was 2.4 (15/70) and 4.33L (3{70}. respectively  When capacitated sperm head was injecied,
development lo == 2-cell and = 4-¢cel) was 299 (35/117) and (035 (12/)17), respectively. 1o contrast,
none developed beyond 4-celi in the sham-operated group. The rvesuhs of this study demonsirated
that mouse oocytes matured fn vive can undergo normal appearing cleavage to 4-cell stage by dead-
sperm injection, Sperm  treauwedt prior 1o injection did nov alfect the ability of mouse vocyles 10

cleave in stire
(Key Words : Mousc. Oocyle. Sperm. Injection)

Introduction

Mammalian eggs are normally fertilized in
the ampulla of the oviduct. Sperm microinjection
is the process of mechanically inserting whole
spermatozoa or isolated spermn nuclei (head) into
the ooplasmi of an egg. Microinjection techniques
have been used to explore features of fertilization
and sperm  decondensation  that could not be
studied wsing standard in vitro fetilization tech-
nigues (Uehtara and Yanagimachi. 1976; Perreault
et al., 1988 Kcefer, 1989 Keefer et al., 1990).
Mouse, rabbit and cow ova fertilized by injection
can undergo cleavage develcpment (Markert,
1983; Hosoi et al, 1988; Keefer, 1989; Keefer
el al, 1990; Goto et al., 1990) and live offspring
following embryo (ransfers have been abtained
in the rabbit (Hosoi et al., 1988) and in the cow
{(Goto el al., 1998),

Recently Keefer (1989) reported that sperm
treaunen prior ta injection could affect the ability
of oocytes to activate and direct sperm decon-
densation and male pronucleay lormation in
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rabbit The present study was conducled to
examine the effect of sperm treatment prior to
injection on the cleavage development of mouse
ova.

Materials and Methods

Qocyte collection

JCL-1CR strain of mice were maintained on
a 14 b tght; 10 h dark schedule with Tfood and
waler ad libitum. Eight 10 24 weeks old female
mice were supcrovulaled by injcction of 7.5 1U
PMSG (Teikoku-zoki., Tokyo. Japan) followed
by 7.5 TU HCG (Teikoku-zoki. Tokyo, Japan)
48 h later, The female mice were killed (5 h afier
the HCG injection and their oviducts were rem-
oved and put into the dish containing BSA-free
TYH-280 medium (Kasai et al.. 1978) supplem-
ented with 0.1%, hyaludonidase (Sigma, St. Lous,
MO, USA). The wall of the ampullar portion
of the oviduct was dissceted with a ncedle and
the ova surronnded by cumuius cells were isola-
ted. After removing cumulus, only the ova ext-
ruded Ist polar body were washed by TYH-280
medium and transferred into  the 10 z (TYH-
280 medium) of injection microdrop cavered with
mimeral oil (Squibb, Princeton, NJ, USA).
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Preparation of spermatozoa

Sperm was obtained from the cauda epididymis
of maturcd JCL-JCR male mice and suspended
mto 0.2 ml of the TYH medium (Toyoda el al.
1971) under mineral oil. After mcubation for | h
at 38.5C under 5% €O, in air, capacitated
spermatozoa were killed by repeated (twice) free-
zing (=207) and thawing aad stored in the free-
zer { =20°C)unti! use for injection. A part of the
capacitated spermatozoa was sonicated {(Bransonic,
Model B-2200. Yamato, Japan) for 20 seconds
to remove their tails and then treated as above
before storage at -207C. Non-capacitated sper-
matozoa {(withaut incubation) were also received
the same (reatment’ as capacitated spermatozoa
before storage a1 —20C.

Injection procedure

Four types {aon-capacitated, non-czpacitated
sonicated, capacitated, capaciated-sonicated) of
spermatoz¢a or sperm head (nuclei) were used
for imection. After thawing at room temperature,
a small amount (1-2 #l) of sperm suspension was
added 1o the drop of injection medium. Spermato-
7aoi were non-matile (dead) duc 10 frozen storage
without cryoprolectant. The injection pipette was
made such that the inner dimmeter of the tip was
3-4 pm. By this pipette individual sperm is ati-
ached by suction to the end ol the injection
pipette and then simply pushed through the zona
petlucida and into the ooplasm of the egg itsell
that was held steady by z suction-controlled
holdirg pipette. Only ova successfully injected
(ahout S0%, of cva treated) were cultured in (he

TABLE [. FATE OF INJECTED MOUSE OCCYTES

200 4 drop {(5-15 ovajdrop) of TYH-280 medium
containing 100 »M EDTA {Wako, Osaka, Japan)
for 72 h at 38.5°C under 5% CO, in air. This
medium supposted the development of tn vitro
fertilized mounse ova to blastocyst stage (Kasai
et al., 1978; Authors, Unpublished). Sham-injected
gocytes were prepared to assess the incidence of
spontaneaus {parthenogenctic) cleavage. All of
the media vsed were sterilized (hrengh a Millipore
filter {0.22 s average pore size. Millipore Corp.,
MA. USA) and the mineral oil was stenlized by
autoclave (121°C, 40 min).

Results

Results of this stndy are shown i table 1.
When non-capacitated spermalozoon was injected,
development to = 2-cell and = 4-cell was 27.8
(15{54) and 3.9% (2[54), respectively. When
non-capacitated sperm head was injected, devejap-
menl to 2 2-cell and =2 4-cell was 21.3 (14/
75) and 8.0% (6/75), respectively. When capaci-
tated sprrmatozoon was injected, development so
2 2-cell and & 4-cell was 21.4 (15/70) and 4.3
9, (3/70). respectively. When capacitated sperm
head was injected. development to = 2-cell and
= d-cell was 299 (35/117) and 10.3% (i2/{117),
respectively. In contrast, none developed beyond
4-cell in the sham-operated (medinm only) group.
Figure 1 shows the 4-cell embryos obtained at
48 ~ 72 h alter capacilated sperto-head inicetion.

Substance No* of vocytes  No. (%) of oocytes developed to
_imjected _ successfully injected = 2¢el = dcell =
Non-capacitated sperm 54 15/54 2{54
(27.8) (3.7}
Non-capacitated spermi liead 75 16/75 675
(21.3) (8.3
Capacitated sperm 70 15/70 3470
(21.4) (4.3)
Capacitated sperm head 117 35/117 1211(7
(29.9) {i0.3)
Medium only 69 9/69 H]
(13.0) (0.0)

*Sum of 3 to 5 trials per proup.
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FERTILIZATION BY

SPERM INIECTION IN MOUSE

Figure 1,

Discussion

Results of this study demonstrated that mouse
oocyles undergo  normal
appearing cleavage (e 4-cell stage by sperm injec-
tion. When capacitated spermy head was injected,
two oul of 117 oocvies developed to 8-cell stage
during 72 b of culture (data are not shown in
table 1). However none developed beyond $8-cell
stage. In comrast, over 80% of ia viro fertiliz
ed mouse ova developed beyond 8-cell in the
same medinm  (Authors, unpublished). Markert
(1983) reported that when severa) hundred mouse
oocytes were injected by sperm. great majority
of these oocyles died without inducing any signi-
ficant development of imjccted  sperm. Neverthe-
less, several injected cocytes survived and indiuced
normal sperm rcactions, lncluding the formation
of a pronucleus, and these oocytes cleavage and
some developed to blastocyst stage tr wvitro.
Howcver he did not show any figures in his
paper. Although some of the injected oocytes may
have developed parthenogenetically without par-
licipation of the spermatozoa, the higher incidence
of sperm injected oocytes cleavaged to 2~-d-cell
stage than that of sham-injected group suggests
that at least some of the cmbryos developed from
oocytes confaining an injected sperm {or sperm
head) and were diploid. Recently it was shown

matured n pipo can
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Four-cel stage mouse embhryos obtained at 48 ~ 72 h after capac.tated sperm-head injectior.

thal cow oocyles [ertilized by sperm injection can
undergo cleavage development  (Keefer et al.,
1990: Goto et al., 1990) and live offspring follo-
wing cmbryo transfer have been obtained in the
cow (Goto et al., 1990).

Keefer ({989} veported that speym (reatment
prior 1o in‘ection can affect the ability of oocytes
to activale and direct speem decondensation and
male prenuclear formation in rabbit. In contrast,
the conditions of the sperm injecled were not
related to ability of sperm ipjected oocytes Lo
cleave in mouse in this study.

In sum, it may be possible lo oblain mousc
offspring by using dead-sperm injection lechnique
in the Miture becausc some of the injected oocyles
cleaved to clear 4-cell (each blastomerc bhas a
nucleus). Since we (Cioto et al., 1990) have alv-
eady oblained calves by dead-sperm injection
technique, [urther refinement of the injection
procedure may promise the success in mouse.
Mouse oocytes arc casier to be damaged by
injection itsell compared to cow oocytes {Authors,
unpublished). It is the main reason why we have
not vet succeeded to oblain blastocysts from
sperm injected mouse oocytes as we did in cows,
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