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I.INTRODUCTION

Artificial opening of the zona pellucida (ZP)
has been proposed as a means to promote sub-
sequent hatching of in vitro produced embryos
(Cohen, 1991; Obruca et al, 1994). Two
methods of ZP manipulation are already in use
to enhance the ability of embryos to hatch:
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mechanical partial ZP dissection {Cohen, 1990)
and chemical ZP drilling by acidic Tyrode’s sol-
ution (Liu et al., 1993). Lasers are especially ap-
preciated for their precise and atraumatic mode
of action. Recently, an infrared 1.48um diode
laser beam has been shown to allow rapid, easy,
non-touched microdrilling and a high degree of
accuracy in the mouse or human ZP under con-

ventional culture conditions without impairment
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of subsequent embryo development (Germond
et al.,, 1995; Antinori et al., 1994). In previous
bovine study (Kim et al., 1998), we confirmed
that embryo hatching in laser drilled group was
significantly higher than that in contol group.
Based on these data, this study was performed
to test whether ZP drilling using a 1.48um diode
laser beam on mouse in vitro fertilization (IVF)
embryos becomes effective the hatching and nor-
mal in vivo development, as a preliminary test
for obtaining the additional proof that the 1.48u
m diode laser could be used safely for human ap-

plications.

. MATERIALS AND METHODS

1. Production of mouse IVF embryos

Mouse IVF embryos were prepared as outlin-
ed by Kim et al. (1997). Oocytes were recovered
from four to six weeks old F; female mice
(C57BL /6 x CBA) which had been superovulat-
ed by intraperitoneal (i.p.) injection with 7.51U
PMSG (Sigma) and followed by i.p. injection of
7.5IU of hCG (Sigma) 50 hr later, At 13.5 hr
post hCG injection, cumulus-oocyte complexes
were transferred into 50ul drop of M16 medium
supplemented with 0.4% BSA until insemination
using epididymal sperm obtained from adult F
male mice (C57BL /6 x CBA). At 14 hr post
hCG injection, insemination was carried out
with final concentration of 1X10%perm /ml,
Cleaved 2-cell embryos were transferred into
fresh M16 medium and were further cultured for
1 day (in case of 4-cell) or 3 days (in case of

blastocyst) before the treatment,

2. Experimental group

This study was carried out to examine the ef-
fect of laser ZP drilling to the hatching and im-
plantation of in vitro produced mouse embryos.

Firstly, to determine whether the effect of laser

ZP drilling is different according to the embry-
onic stage, the development morphology after
treatment of the laser drilled 4-cell (day 2 after
IVF) and laser drilled blastocysts (day 4 after
IVF) was comapared to that of non-treated hat-
ching blastocyst (control, day 4 after IVF). Sec-
ondly, the control and laser drilled blastocysts
were transferred into day 3 pseudopregnant rec-
ipients and were examined their implantation rat-
es. Lastly, several pregnant mice of two groups
were allowed to proceed to term and natural de-
livery and the pups were analysed chromosomal
normality and tested their reproductive ability.

3. Laser ZP drilling

The set-up used for ZP microdrilling has been
described in our previous report (Kim et al.,
1998). Briefly, a 670nm diode laser aiming beam
and the collimated 1.48um cw laser beam
(InGaAsP diode laser; MTM Medical Technol-
ogies Montreux, Lausanne, Switzerland: pur-
chased from SeYoung Trading Co., Korea) were
fed into an inverted microscope through several
mirrors and focused by the microscope objective
(x45) within the microscope field in a spot 8um
in diameter. The power routinely available at
the image plane of the objective was 47mW cor-
responding to a maximal power density of
94kW /cm?,

The early 4-cell and blastocysts to be laser
drilled were suspended in groups of 5~10 in a
504 drop of culture dish containing HEPES-buf-
fered M2 medium covered with wmineral oil. Us-
ing the X-Y microscope stage, each embryo was
positioned to bring a region of the ZP on the
aiming spot and the ZP was exposed to 2~4 mil-
li second (ms) laser light. After treatment, the
embryos were further cultured for 72 hr (in case
of blastocyst) or 120 hr (in case of 4-cell) in
M16 medium and observed their development
morphology to hatching and hatched blastocyst.



4. Embryo transfer

Blastocysts recovered from control and laser
drilling were transferred surgically on uterine
horns (6~8 embryos /horn) of ICR recipient fe-
male mice on day 3 of pseudopregnancy. The
day on which a copulation plug was found was
designed day 1 of pseudopregnancy. Implan-
tation rates were scored with the total number
of fetuses including the resorption sites at day
15 of gestation and live birth,

5. F2 generation follow up

Several pregnant mice of two groups (control
and laser drilled blastocysts) were allowed to
proceed to term and natural delivery. Develop-
ment of the offspring (n= 20; controlx 11, laser
drilled groupx9) was followed over several mon-
ths and their reproductive ability was estab-
lished through various cross-matings between

siblings.

6. Chromosome preparation and analysis

Four-week-old mice produced by embryo tran-
sfer were used in chromosome analysis. After
colcemid (0.2 ml) injects i.p. for 1.5~2 hr, isol-
ated femurs from mouse plushed two times with

phosphate buffer saline, Bone marrow cells were
placed in a hypotonic solution of potassium chlor-
ide (0.075M) for 25 min. and then fixed meth-
ano] : acetic acid =3 :1. After the slides were
warmed in slide warmer for at least 24 hr, the
slides were stained with 4% Giemsa at pH 6.8
and normality was scored with microscope.

7. Statistical analysis

Difference in the developmental rates be-
tween control and treatment group was compar-
ed using the Chi-square test (p<0.05).

. RESULTS

When the hatched rates of mouse embryos by
laser ZP drilling were examined until 72 hr (in
case of blastocyst: day 4 after IVF) or 120 hr
(in case of 4-cell: day 2 after IVF) after treat-
ment, as shown in Table 1, the data of laser dril-
led blastocysts (81.8%) was significantly higher
than those of control (hatching blastocyst: day
4 after IVF) (54,2%) and laser drilled 4-cell em-
bryos (45.5%) (p<0.05). Also, when the effect
of laser drilling on implantation rates following
embryo transfer in day 3 synchronized pseud-

opregnant reciptents was examined, as indicated

Table 1. In vitro development of laser drilled mouse 4-cell and blastocyst stage

No. (%) of development

Treatment  Day 2 Day 4
(4-cell) (Blstocyst) 24 hr later 48 hr later 72 hr later
(day 5) (day 6) (day 7)
Control HdB x 13(54.2)2
HgB*x 24 HdB x 7(29.2) HdB x11(45.8
(HgB) £ 458 hem x 11
4-cell HdB x 10(45.5)2
35 HgB x 22 HgB x HdB x R
laser drilled g & 22 527 HgB x 12
Blastocyst HdB x 18(81.8)°
Bla. x 22 HgB x HdB x .
laser drilled 2 & 22 12(54.5) HgB x 4

* Bla; Blastocyst, HgB; Hatching blastocyst, HdB; Hatched blastocyst.
* Means in the column without common superscripts are significantly different.

ab (P<0,05).



Table 2. In vivo development of laser drilled mouse blastocysts

Control Laser drilled
Repli. No. of No. of No. of No. of Remark
transferred implanted transferred implanted
1 8 3 8 5 birth
2 8 3 8 5 (+2)*
3 12 8 11 4 birth
4 11 2 (+1)* 12 3
t
Total 39 17 (43.6) 39 19 (48.7) Control (11)

* Parenthesis is the number of resorption sites

Fig. 1. The mouse chromosome of male live-bor-
n young after laser drilling. Metaphase
spread showing normal chromosome
complement of 40 ( x800).

in Table 2, the implantation rate of laser drilled
group (48.7%) was slightly higher than that of
control group (43.6%). In addition, among the
F2 mice (n=20), when the several mice (control
= % x 4, laser drilled group= ¢ X 3) were
analysed chromosomal normality and remainders
were tested reproductive ability (control = 4 X
3and & X 4, laser drilled group = &§ X 2 and &
X 4) between siblings, all pups were presented
normal chromosomal number (n==40, Fig. 1) and
showed normal growth and reproductive ability
(F3 ; control = 22, laser drilled group == 25).

Laser drilled (9)

IV. DISCUSSION

In this study, we tested whether ZP drilling
using a 1.48um diode laser beam on mouse em-
bryos becomes effective the hatching and nor-
mal in vive development, as a preliminary test
for obtaining the additional proof that the 1.48u
m diode laser could be used safely for human ap-
plications.

Failure of ZP rupture and subsequent incom-
plete hatching are thought to cause implan-
tation failure (Antinori et al., 1996). Also, pro-
longed exposure of human oocytes and embryos
to artificial conditions appears to impair their
ability to implant. Cohen (1991) demonstrated
that approximately one quarter of all embryos
have the ability to implant in human IVF sys-
tem, that substantial number of IVF embryos
are unable to breach the zona at the time of hat-
ching, and that many can be rescued by arti-
ficial opening of those zonae. To facilitate the
embryo hatching, chemical (Liu et al., 1993),
mechanical (Cohen, 1990) or laser methods
(Feichtinger et al., 1992) was already carried
out. Especially, 1.48um laser assisted hatching
procedure presents several advantages over mec-
hnical or chemical methods in terms of embryo

survival, easiness of use and reproducibility

—290 —



(Rink et al., 1994).

For use of lasers to be beneficial in embryo
manipulation, the following specifications need
to be met: (i) minimal thermal effect, (ii) pre-
vention of genetic damage by using a wave-
length sufficiently distant from the maximum
absorption of DNA, (iii) a low ablation threshol-
d, (iv) easy handling using existing micromanip-
ulation, In addition, high absorption of the laser
wavelength by the target is a necessary pre-
requisite for efficient laser ablation. To meet all
these criteria, we used 1.48um diode laser and
irradiation conditions were chosen such that the
holes could be drilled in the shortest time with a
potentially minimal thermal effect (pulse length
2~4 ms). In the results, as shown in Table 1,
the hatching arrest of in vitro produced blastoc-
ysts seems to be rescued by artificial opening
although one shot laser drilling was not effec-
tive in early 4-cell stage. Hatched rates in laser
drilled blastocysts were significantly higher
than those of other two group (p<0.05). Those
differences may be originated from the ZP thic-
kness and the ZP elasticity between 4-cell and
blastocyst at treatment. In addition, we obser-
ved that most of drilled 4-cell stage was remain-
ed in state of eight-shaped intermediate in hat-
ching stage, as shown in other study (Rink et
al., 1994; Germond et al., 1995). Also, these res-
ults indicated that hatching enhancement obser-
ved in vitro of laser drilled blastocysts had no an
effect on the number of mice born per embryos
transferred, which (48.4%) was similar to that
of control (43.6%). However, there were not ab-
normal pattern in chromosome number, growth
and reproductive ability Fz generation in laser
drilled group. In addition, we confirmed normal
growth of F3 mice in laser drilled group.

Consequently, these results demonstrated th-
at ZP drilling using a 1.48um diode laser can in-
crease the embryo hatching and give rise to nor-

mal, fertile offspring.
V.SUMMARY

The objective of this study was to test whet-
her ZP drilling using a 1.48um diode laser beam
on mouse IVF embryos becomes effective the
hatching and normal in vive development, as a
preliminary test for obtaining the additional
proof that the 1.48um diode laser could be used
safely for human applications. The results
obtained in this experiment were as follows:
when the hatched rates of mouse embryos by
laser ZP drilling according to the embryonic
stage were examined until 72 hr (in case of blas-
tocyst: day 4 after IVF) or 120 hr (in case of
4-cell: day 2 after IVF) after treatment, the
data of laser drilled blastocysts (81.8%) was sig-
nificantly higher than those of control (hatching
blastocyst: day 4 after IVF) (54.2%) and laser
drilled 4-cell embryos (45.5%) (p<0.05). When
the effect of laser drilling on implantation rates
following embryo transfer in day 3 synchronized
pseudopregnant recipients was examined, the
laser drilled group (48.7%) was slightly higher
than that of control group (43.6%). In addition,
when the several pregnant mice delivered in
two groups were analysed their chromosomal
normality and tested reproductive ability, all
pups were presented normal chromosomal num-
ber (n=40) and showed normal growth and re-
productive ability. Therefore, these results dem-
onstrated that ZP drilling using a 1.48um diode
laser can increase the embryo hatching and in-

duce the normal pregnancy of mouse embryos,
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