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Abstract : This study was carried out to determine the effect of the duration of exposure to an
infrared 1.48 pm diode laser, on the number of cells in the inner cell mass and the trophectoderm of
blastoeysts following laser-assisted embryo biopsy. A total of 102 mouse embryos were used in the study.
The embryos were randomly divided into three groups; group A (n = 22}, group B (n = 47) and group C
(n=33). The embryos in group A were biopsied using the laser with an exposure of 600 ms, whereas those
in group B were biopsied using the same laser with an exposure of 5 ms. The embryos in group C were
incubated in culture without any procedures, as a control group. The blastoeyst formation rates of group
B (46/47,97.8% ) and group C (33/33, 1009 ) were significantly higher than that of group A (12/22, 54.5%).
The numbers of cells in the inner cell mass, trophectoderm and the total number of cells in the blastocysts
ingroup A (16.1 £5.1,35.5 £ 10.9, 51.6 £ 12.9) were similar to those in group B (14.0 + 5.6, 36.0 + 12.7, 50.0
+ 18.3). The numbers of cells in the inner cell mass, trophectoderm and the total number of cells in the
blastocysts in group C (19.1 £ 6.5, 45.8 £ 14.0, 65.0 £ 18.7) were significantly higher than those of the study
groups. In conclusion, the longer duration of exposure to the infrared 1.48 pm diode laser might
adversely affect blastocyst formation. However, it might not affect the quality of the blastocysts with
regard to the numbers of cells in the inner cell mass and the trophectoderm.
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Our previous study has shown the effect of
different exposure periods to the infrared 148 pm
diode laser on preimplantation development of the
embryo following cleavage stage embryo biopsy. A
leng duration of exposure to the laser can adversely
affect the developmental potential of the biopsied
embryos,™ In this study, we further determined the
effect of different exposure periods to the infrared
1.48 pm diode laser by comparing the quality of the
blastocysts after the two different exposure periods,
Trophectoderm (TE) and inner cell mass (1CM), which
are the two main cell types of blastocyst, were evalu-
ated and compared using a differential labelling tech-
nigue. '

INTRODUCTION

Isolation of genetic material from precon-
ception oocytes or embryos at various stages of pre-
implantation development is necessary for preimplan-
tation genetic diagnosis (PGD). Cleavage stage em-
bryo biopsy has been a conventional technique for
most centers performing PGD.' Acid Tyrode's solu-
tion has been used to drill a hole in the zona pellu-
cida of embryos, prior to removing one or two blas-
tomeres for further genetic diagnosis. However, acid
Tyrode's solution can adversely alfect embryonic
development as a result of its toxicity and cytoplas-
mic acidification leading to cytoplasmic degencra-
tion and reduced viability.* The non-contact infra-
red 1.48 pm diode laser has finally been introduced
and is claimed to be efficacious and safe both in vitro
and in vive.*” This laser has been recently intro-

MATERIALS AND METHODS

duced for drilling the zona pellucida in PGD.* How-
ever, to date, the laser-assisted biopsy technique has
not been used in most centers performing PGD.!
More studies have to be performed to ensure its clini-
cal efficacy and safety before it can be universally
applied.

Crvopreserved cleavage slage mouse em-
bryos strain 3HI, a hybrid of C3H/HCH and 101/H,
were used in this study, Freezing and thawing tech-
niques have been described in our previous study.'
The thawed embryos and all blastomeres were evalu-
ated and counted. Cnly embryos containing more
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than or equal to 6 blastomeres were used in the siudy.
The embryvos were divided into three groups group
A, B and C. The embryos in group A and B were
biopsied, using a laser assisted micromanipulator
(Research Instruments Limited, UK) with two differ-
ent periods of exposure as described previously ™
The embryos in group A were drilled with an expo-
sure of 600 ms, whereas the exposure period o the
laser in group B was 5 ms. The embryos in group C
were incubated in appropriate culture conditions [or
blastocyst formation, as a control group. Blaslocyst
formation of all groups was evaluated on day 3 aflter
the procedure. All blastocysts derived from the three
groups were sequentially processed by a differential
labelling technique in order 1o identify and count
the cell numbers of the inner cell mass (ICM) and the
trophectoderm (TE),

Differential labelling technique'

The ICM and TE of the blastocysts from the
three groups were differentially labelled with the poly-
nucleotide-specific Muorochromes, propidivm jodide
(P1, Sigma, UK) and bishenzimide (Hoechst Mo, 33258
Trihydrochloride, Sigma, UK). The zona pellucida
of the blastocyst was dissolved using acid Tyrode's
solution under microscopic examination. The zona
pellucida-free blastocysts were rinsed in medium M2
comtaining 4 mg/ml bovine serum albumin. The blas-
tocysts were incubated in rabbil anti-mouse spleen
antibody (Sigma, UK), diluted 1:5 in medium M2
containing 4 mg/ml BSA for 10-15 minutes at 37°C.
The blastocysts were rinsed in medium M2 contain-
ing 4 mg/ml BSA and incubated in a 1:10 dilution of
guinea-pig complement serum (Sigma, UK) in me-
dium M2 containing 4 mg/ml and 0.01 mg/ml PI at
A7C for 15-20 minutes, The blastocysts were hxed
in absolute alcohol containing 0.01 mg/ml
bisbenzimide for at least 1.5 hours at $C. The blas-
tocysts were finally rinsed for | hour in absolute al-
cohol and mounted on microscope slides in glycerol
underneath a coverslip. The blastocysts were exa-
mined using a [Muorescent microscope (Nikon UFEX-
I, Japan). Using wliraviolet, the PI labelled-TE
nuclei appeared pink and the bisbenzimide labelled-
ICM nuocler appeared blue. All ICM and TE nuclei
were carefully counted by drawing the outlines of
the nuclei at different planes of focus through the
blastocyst.,

Statistical analysis

The cell numbers of the ICM and TE and
the total cell numbers of the blastocysts in the three
groups were recorded and statistically evaluated.
Statistical analysis was performed by using epi-info
programme {version 6.0). Statistical significance was
defined as a p value < (0L05.

RESULTS

A total of 102 cryopreserved-thawed mouse
embryos were used in the study. The blastocyst [or-
mation rales of group A, B and C were 12/22 (54.5%),
46/47 (97.8%) and 33/33 (100%). The blastocyst
formation rates of group B and C were significantly
higher than that of group A (Table 1). Sixty-cight
blastocysts from the three groups were successfully
differentially labeled, The inner cell mass (1CM) and
irephectoderm (TE) nuclei of the blasiocysts were
differentially labelled with propidium iodide and
bishenzimide. Using a fluorescence microscope, the
PI labelled-TE nuclei appeared pink and the
hisbenzimide labelled-ICM nuclei appeared blue, as
shown in Figure 1. The numbers of cells in the ICM
and the TE of the blastocysts of the three proups arc
presented in Table 1. The numbers of cells in the
inner cell mass, trophectoderm and the wotal number
of cells in the blastocysts in group A (16,1 £5.1, 35.5
= 10,9, 51.6 £ 12.9) were similar to those in group B
(140256 36.0+12.7, 500+ 18.3). The numbers of
cells in the inner cell mass, trophectoderm and the
total number of cells in the blastocysts in group C
(19.1 + 6.5, 45.8 = 14.0, 65.0 = 18,7} were signifi-
cantly higher than those in the groups which were
treated with the laser.

DISCUSSION

Several wavelengths of laser have been
proved o be effective and safe*' Some of them,
such as ultraviolel radiation and the 308 nm XeCl-
excimer laser, were found to be mutagenic.™" The
erbium-yirivm aluminium garnet (Er-YAG) laser that
produces infrared radiation has been claimed o be
safe, but this laser has to be delivered (o the target in
contact mode.'™'” The infrared | 48 pm wavelength
laser has been reported as an ideal laser being effec-
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Table 1. Mumbers of inner cell mass, trophectoderm and total cell number of the blastoeysis of the three

groups.
Variahles Exposure periods Control
600 ms {group A) 5 ms (group B) {group C)
Mo, of embryos 22 47 33
Blastocyst formation (%) 12/22 (545" 46/47 (97.8)" 33733 (100"
Mo, of [CM* 6.1 £ 5.1° 4.0 + 5.6 19: 1+ 6.55"
No. of TE* 35.5 & 10.9¢ 360+ 127 458 = 14.00!
No, of total cells® Sle+12.9¢ 500+ 18.3% 65.0 = |8.7=4

* Mean + 8D, hodebeh pyglue < 0.05

a) Non-haiching blastocyst

b} Hatching blastocyst

Figure 1. Differential labelling of trophectoderm (TE) and inner cell mass (ICM) nuclei of the blastocyst,
using a Muorescent microscope. The propidium iodide-labelled TE nueler appear pink, whereas the
bisbenzimide-labelled 1CM nuclei appear blue

tive, safe and not requiring contact mode, '™

Several studies of this laser have demonstrated its
performance on both mouse and human gameles and
embryos.* T However, more research regarding its
safety and effectiveness is required prior 10 accepl-
ing this laser for clincal use in embryo biopsy for
PGD,

From our previous study, embryonic deve-
lopment polential was significantly decreased by a
longer duration of exposure to the infrared .48 pm
diode laser. We have Turther studied the effect of
different exposure periods (o the infrared 148 pum

dipde laser by comparing the quality of the blasto-
cysis after the two different exposure periods. The
numbers of cells i the inner cell mass (ICM), tro-
phectoderm (TE) and the total number of cells in the
blastocysts Tollowing laser-assisted biopsy for two
different exposure periods {(group A and B} were
evaluated and compared with the control group
(group C). In group A, the lower power level of the
laser resulted in an increased pulse length of laser
exposure,  The exposure lime for drilling the zona
pellucida in group A was 600 ms per shot. In group
B. the higher power level of the laser decreased the
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length of the exposure period for drilling to 5 ms.
From the results of study, the blastocyst formation
rate was adversely alfected by the laser system (Table
1). The blastecyst formation rates of group B and C
were significantly higher than that of group A, The
higher blastocyst formation rate of group B was re-
lated to the shorter exposure period used, The drill-
ing mechanism of the laser is the result of a thermal
effect produced at the point of aim due to the absorp-
tion of the laser energy by the glycoprotein in the
zona pellucida” An increase in and retention of heat
might clevate temperatures at a localised point and
then produce damage to the embryos.' The findings
demonstrated the effect of the pulse length of the
laser system, and confirmed the findings of Neev el
al. that a lower power with a longer pulse length
might cause more adverse effects than a higher power
with a shorter pulse length."™

From this study, we found that the laser
could adversely affect the quality of the blastocysts
ohtained (Table 13, The numbers of cells in the ICM
and TE as well as the total cell number in the control
proup were significantly higher than those of the la-
ser groups (group A and B). However, the numbers of
cells in the ICM and TE as well as the total number of
cells in the blastocysts of group A and B were similar.
Therefore, a longer exposure period to the laser did
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