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Summary
The effect of temperature fluctuation on spindle integrity and chromosomal organisation in the human
oocyte, and the consequences of such effects on the chromosomal constitution of resulting parthenotes,
were investigated. A total of 340 oocytes were stained immunocytochemically with an antibody to
a-tubulin, and 502 were activated parthenogenetically. Exposure of oocytes to room temperature for 2,
10 or 30 min caused disruption of the spindle in 77% (n = 26), 72% (n = 18) and 89% (n = 19) of cases
respectively, with evidence of chromosomal dispersal in 50%, 56% and 52.6% respectively. These effects
were reversed when oocytes were returned to 37°C after exposure to room temperature for 2 min, but
not after 10 min or 30 min. Temperature reduction affected rates of parthenogenetic activation of
oocytes (2 min: 67%, n = 27; 10 min: 68%, n = 28; 30 min: 54%, n = 35) and cleavage of resulting
parthenotes, but only if oocytes were exposed to room temperature for 30 min (30 min: 53%, n = 19).
There is a direct association between temperature-induced spindle damage in the oocyte (70%, 50 of 63)
and chromosomal abnormalities in parthenotes developed from oocytes exposed to room temperature
(56%, 23 of 41; p < 0.01).

Key words: Chromosomal abnormalities, Cytoskeleton, Human, IVF, Oocyte, Spindle, Temperature
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Introduction

In the mouse oocyte, cooling from 37 °C to 25 °C, 18°C
or 4°C results in disruption of the microtubules of the
meiotic spindle (Pickering & Johnson, 1987). This dis-
ruption is reversed when the temperature is restored
to 37 °C. In contrast, cooling of human oocytes to room
temperature results in irreversible disruption to the
spindle (Pickering et al, 1990), and it has been sug-
gested that this may contribute to the high incidence
of chromosomal abnormalities among human pre-
implantation embryos following in vitro fertilisation
(IVF; Plachot et al, 1988; Ma et al, 1990; Pellestor et al,
1994).

The present study extends the earlier study of
Pickering et al. (1990) by investigating the effects of
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temperature fluctuation on microtubule organisation
and chromosomal integrity in the human oocyte. In
addition, the consequences of such effects on the
chromosomal constitution of any resulting embryos
are investigated, by cytogenetic analysis of parthe-
notes developed from oocytes that had been exposed
to a temporary reduction in temperature.

Materials and methods

Ethics of experimentation

This investigation was approved by the Ethics Com-
mittee of King's College Hospital and licensed by the
Human Fertilisation and Embryology Authority (UK).
Provided appropriate consents had been obtained,
oocytes were obtained from patients undergoing
therapeutic in vitro fertilisation for the treatment of
male factor infertility.
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Source of oocytes

Ovarian stimulation, ultrasound-directed follicle
aspiration and IVF were performed as described pre-
viously (Bolton et al, 1989; Waterstone & Parsons,
1992), except that the culture medium (Earle's bal-
anced salt solution; EBS) was supplemented with 10%
(v/v) Albuminar (Armour Pharmaceuticals), or with
0.001% (v/v) Synthetic Serum Replacement (SSR;
Imperial Laboratories) and 1% (v/v) human serum
albumin. Oocytes which had failed to develop two
pronuclei by 18-20 h post-insemination (hpi) were
placed in 50 u.1 drops of culture medium overlaid with
light paraffin oil (Sigma) and taken for this study,
providing no sibling oocytes had become fertilised.

Cooling of oocytes

Dishes containing oocytes were moved from 37 °C to
room temperature (RT; 23°C) for 2, 10 or 30 min and
then (i) fixed immediately for immunocytochemistry;
(ii) taken for parthenogenetic activation; or (iii) in-
cubated at 37 °C for 1 h or 4 h before fixation or
parthenogenetic activation. Control oocytes were
maintained at 37 °C throughout. Oocytes from the
same cohort were distributed randomly to the control
and one or more of the experimental groups, with a
minimum of two oocytes per group.

Immunocytochemistry

Oocytes were fixed for 30 min in HPEM buffer (Maro
et al., 1985) at RT, washed in phosphate-buffered saline
(PBS; Sigma), and stored at 4°C in PBS containing 1%
(v/v) sodium azide (PBS-azide) for up to 1 week before
processing for immunocytochemistry using the fol-
lowing series of incubations:

1. 10 min in PBS containing 1% (v/v) goat serum
(Sigma) at RT.

2. 45 min in PBS containing anti-a-tubulin mono-
clonal antibody (1:120; Sigma) at 37 °C.

3. 10 min in PBS containing 1% (v/v) Tween (Sigma) at
RT.

4. 3 rinses of 15 min each in PBS at RT.
5. 45 min in PBS containing 2% (v/v) rhodamine-

labelled anti-mouse IgG antibody and 20% (v/v)
human serum at 37 °C.

6. 10 min in PBS containing 1% (v/v) Tween at RT.
7. 3 rinses of 15 min each in PBS at RT.
8. 20 min in PBS containing Hoechst dye 33258

(5 mg/ml; Sigma) at RT.
9. 10 min in PBS at RT.

Oocytes were then mounted in Citifluor (City Univer-
sity), coverslips were sealed with clear nail varnish,
and the slides stored at - 20 °C for up to 3 days.
Fluorescence was visualised using a confocal micro-

scope with an excitation filter DM580 for rhodamine-
labelled reagent, and a Nikon Diaphot inverted micro-
scope under UV excitation (DM400) for Hoechst dye.

Parthenogenetic activation

Oocytes were incubated at 37 °C for 5-7 h in EBS con-
taining puromycin (10 |xg/ml; Sigma), after which they
were rinsed in puromycin-free EBS at 37 °C and in-
cubated at 37 °C for a further 18-20 h. Those oocytes
that developed pronuclei were cultured for a further
24 h before they were transferred to EBS containing
1 |xg/ml colcemid (Gibco) and incubated for 24 h at
37 °C before processing for cytogenetic analysis as
described previously (Almeida & Bolton, 1993).

Statistical analysis

Statistical analysis was carried out using the chi-
squared test, with the p value set at < 0.05.

Results

A total of 842 oocytes were retrieved from 76 women
(median age 32 years; range 25-39 years), all of which
failed to fertilise following insemination in vitro with
dysfunctional spermatozoa. The median number of
oocytes retrieved per patient was 11 (range 7-22). Of
the 842 oocytes, 340 (median 10 per patient; range
7-19) were taken for immunocytochemical staining
(controls, 158; experimental, 182), and 502 (median 12
per patient; range 8-22) were exposed to puromycin
for parthenogenetic activation (controls, 242; experi-
mental, 260).

Exposure to RT for 2 min, 10 min and 30 min
resulted in a reduction in temperature of the culture
drops from 37°C to 32°C, 27°C and 25°C, respectively.
The nature of the effects of these reductions in tem-
perature on the spindle and chromatin of oocytes is
illustrated in Fig. 1. The incidence of each effect
among control oocytes and those exposed to tempera-
ture reduction for different lengths of time with or
without further incubation at 37°C is shown in Table 1,
and the overall incidence of spindle abnormalities and
chromatin dispersal are illustrated in Figs. 2 and 3
respectively.

Effect of temperature reduction on the meiotic spindle

The incidence of spindle abnormality is significantly
greater in oocytes exposed to RT and analysed
immediately than in controls, whether oocytes were
cooled for 2 min, 10 min or 30 min (Fig. 2a). There is no
significant difference in the incidence of spindle
abnormality between oocytes exposed to RT for
different lengths of time.
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When oocytes were returned to 37°C for either 1 h or
4 h after exposure to RT for only 2 min, normal spindle
structure was restored; the incidence of spindle
abnormalities in these experimental groups is not
significantly different from controls (Fig. 2b and c,
respectively). In contrast, where oocytes were exposed
to RT for 10 min or 30 min, the incidence of spindle
abnormalities remained significantly different from
controls, whether they were returned to 37 °C for 1 h
(Fig. 2b) or 4 h (Fig. 2c).

There is no significant difference in the rate of
spindle abnormality among any of the control groups.

Effect of temperature reduction on chromosomal
dispersal

The incidence of chromosomal dispersal is signi-
ficantly greater in oocytes exposed to RT and analysed
immediately than in controls, whether oocytes were

cooled for 2 min, 10 min or 30 min (Fig. 3a). There is no
significant difference in the incidence of chromosomal
dispersal between oocytes exposed to RT for different
lengths of time.

The incidence of oocytes with dispersed chromo-
somes is not significantly different in oocytes that
were cooled for 2 min and then returned to 37°C for
either 1 h (Fig. 3b) of 4 h (Fig. 3c) compared with con-
trols. In contrast, where oocytes were exposed to RT
for 10 min or 30 min and then returned to 37 °C, the
incidence of chromosomal dispersal remained sig-
nificantly different from controls, whether they were
returned to 37°C for 1 h (Fig. 3b) or 4 h (Fig. 3c).

There is no significant difference in the rate of
chromosomal dispersal among any of the control
groups.

Among all the experimental groups, a total of 20
oocytes displayed both spindle abnormalities and dis-
persed chromosomes, compared with 29 displaying an

Table 1 The effects of temperature changes on the cytoskeletal organisation and chromatin of human oocytes

Experimental group

2 min RT
Experimental
Control

2 min RT + 1 h at 37°C
Experimental
Control

2minRT + 4 h at 37°C
Experimental
Control

10 min RT
Experimental
Control

10 min RT + 1 h at 37°C
Experimental
Control

10 min RT + 4 h at 37°C
Experimental
Control

30 min RT
Experimental
Control

30 min RT + 1 h at 37°C
Experimental
Control

30 min RT + 4 h at 37°C
Experimental
Control

No. of oocytes

Total

26
27

19
18

17
16

18
14

21
16

19
17

19
19

25
16

18
15

Spindle

Normal

6
16

11
12

11
13

5
10

4
12

5
11

2
13

6
10

5
12

morphology

Disrupted

15
7

6
4

5
1

10
4

15
4

9
6

10
4

15
5

13
2

None

4
2

1
0

0
0

1
0

2
0

4
0

4
2

3
1

0
1

Astral

1
2

1
2

1
2

0
0

0
0

1
0

2
0

1
0

0
0

Reduced

0
0

0
0

0
0

2
0

0
0

0
0

1
0

0
0

0
0

Chromatin

Compact

13
22

18
16

15
15

8
12

10
14

10
15

9
16

13
14

8
13

Dispersed

13
5

1

Is
)

2
1

10
2

11
2

9

ts
)

10
3

12
"2

10
2

RT, room temperature.
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f
Figure 1 Oocytes stained immunocytochemically with anti-a-tubulin to visualise the spindle (a, b, c, d) and with Hoechst dye
33258 to visualise chromatin (e, / ) . (a) Normal spindle morphology; (b) disrupted spindle; (c) astral spindle; (d) reduced
spindle; (e) chromosomes aligned on the metaphase plate; (f) dispersed chromosomes.
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% of oocytes showing spindle abnormalities

2 10 30 2 10 30 2 10 30
a b c

Duration of exposure to room temperature (minutes)
*X2 = 5.8, p<0.01

••X2 = 4.3, p<0.025
•• •X 2 =l l .p<0 .001

+X2 = 9.5,p<0.001 oX2 = 3.8, p<0.05
+X2 = 4.7, p<0.025 ooX2 = 7.2, p<0.001

Figure 2 Histogram illustrating the incidence of spindle
abnormalities following exposure to temperature reduction
for 2, 10 or 30 min followed by (a) immediate analysis, or
incubation at 37°C for (b) 1 h or (c) 4 h.

60

50

40

30

20

10 I

I % of oocytes showing chromosomal dispersal

***
19

+
21

oo
18

141
I 19

25
o
19

16B16 17

I

Experimental
• Control

2 10 30 2 10 30 2 10 30
a b c

Duration of exposure to room temperature (minutes)

•X2 = 4.7, p<0.025
•*X2=4.3, p<0.025 +X2 = 4.6. p<0.025 oX2 =3.8. p<0.05

•••X2 = 4.2, p<0.025 ++X2 = 4.1,p<0.025 ooX2 = 4.8. p<0.025

Figure 3 Histogram illustrating the incidence of chromatin
dispersal following exposure to temperature reduction for 2,
10 or 30 min followed by (a) immediate analysis, or incu-
bation at 37°C for (b) 1 h or (c) 4 h.

abnormal spindle but normal, compact chromosomes,
3 with a normal spindle and dispersed chromosomes,
and 11 with a normal spindle and normal, compact
chromosomes. Thus, there is no direct association
between the incidence of spindle abnormalities and
dispersal of chromosomes (NS; yf = 1.01; p > 0.25).

Effect of temperature reduction rates of
parthenogenetic activation and cleavage

The results of parthenogenetic activation and cyto-
genetic analysis following exposure to temperature
reduction for each time interval are shown in Table 2,
and the overall incidence of activation, cleavage and
chromosomal abnormality are illustrated in Figs. 4, 5
and 6 respectively.

Significantly fewer oocytes that were puromycin-
treated immediately after exposure to RT underwent
activation than controls, whether oocytes were cooled
for 2 min, 10 min, or 30 min (Fig. 4a). There is no sig-
nificant difference in the rate of activation between
the groups exposed to RT for different lengths of time.
However, when oocytes were returned to 37°C,
whether for 1 h (Fig. 4b) or 4 h (Fig. 4c), after exposure
to RT for only 2 min, there is no significant difference
in the rates of activation in the experimental groups
compared with controls. In contrast, when oocytes
were exposed to RT for 10 min or 30 min, the incidence
of activation remained significantly lower than
controls, whether they were returned to 37 °C for 1 h
(Fig. 4b) or 4 h (Fig. 4c).

The number of activated oocytes that underwent
cleavage is not significantly different between oocytes
that had been exposed to RT for 2 min or 10 min,
whether they were treated with puromycin immedi-
ately (Fig. 5a), or after being returned to 37 °C for
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•X2 = 4.7, p<0.025

" X 2 = 4.8. p<0.025
••X2 = 6.9,p<0.00l

+X2 = 5.4, p<0.0l oX2 =4.6.p<0.025
+X2 = 8.9,p<0.001 ooX2 = 16.2, p<0.0O1

Figure 4 Histogram illustrating the incidence of oocyte
activation following exposure to temperature reduction for
2,10 or 30 min followed by (a) immediate analysis, or incu-
bation at 37 °C for (b) 1 h or (c) 4 h.
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Table 2 Cytogenetic analysis of parthenotes derived from human oocytes exposed to temperature changes

Experimental group

2 min RT
Experimental
Control

2 min RT + 1 h at 37°C
Experimental
Control

2 min RT + 4 h at 37°C
Experimental
Control

10 min RT
Experimental
Control

10 min RT + 1 h at 37°C
Experimental
Control

lOminRT + 4hat37°C
Experimental
Control

30 min RT
Experimental
Control

30 min RT + 1 h at 37°C
Experimental
Control

30 min RT + 4 h at 37°C
Experimental
Control

No. of oocytes

Total

27
29

27
26

24
25

28
24

33
29

30
28

35
31

26
22

30
28

Activated

18
27

27
25

24
22

19
23

20
26

20
26

19
27

9
18

15
28

No. of parthenotes

Arrested at
the 1-cell
stage

0
0

1
0

0
1

2
2

2
0

1
0

9
3

4
0

7
0

Abnormal
karyotype

—
—

1
—

—
0

1
0

2
—

0
—

4
0

2
0

2
0

Cleaved to
2- to 4-cell
stage

18
27

26
25

24
21

17
21

18
26

19
26

10
24

5
18

8
28

Analysable

17
25

25
22

21
20

17
18

18
24

18
23

7
17

5
14

7
24

Abnormal
karyotype

7
2

6
3

5
3

10
2

15
5

12
5

6
3

4

Is
)

5
4

Aneuploid

4

Is
)

4
3

4
2

6
2

12
3

7
3

4
2

1
2

4
3

Mosaic

3
0

2
0

1
1

4
0

3
2

5
2

2
1

3
0

1
1

RT, room temperature.

either 1 h (Fig. 5b) or 4 h (Fig. 5c). However, the inci-
dence of cleavage in activated oocytes that had been
cooled for 30 min and treated with puromycin
immediately is significantly lower than both the con-
trols (Fig. 5a) and the oocytes that had been returned
to 37°C for either 1 h (Fig. 5b) or 4 h (Fig. 5c).

Effects of temperature reduction on the chromosome
complement of parthenotes

Analysable spreads were obtained from parthenotes at
the 2- to 4-cell stages, with a minimum of two (range
2-4) analysable blastomeres per parthenote. There is
no significant difference in the rate of analysable
metaphase spreads between any of the control and
experimental groups (Table 2).

The incidence of chromosomal abnormality is sig-
nificantly greater in parthenotes developed from
oocytes cooled to RT and activated immediately than
in controls, whether oocytes were cooled for 2 min,

10 min or 30 min (Fig. 6a). There is no significant
difference in the incidence of chromosomal abnormal-
ity between parthenotes derived from oocytes
exposed to RT for different lengths of time.

The incidence of chromosomal abnormality is not
significantly different in parthenotes derived from
oocytes that were exposed to RT for 2 min and then
returned to 37°C for either 1 h (Fig. 6b) or 4 h (Fig. 6c)
compared with controls. In contrast, where oocytes
were exposed to RT for 10 min or 30 min, the inci-
dence of chromosomal abnormality among parthe-
notes remained significantly higher than in controls,
whether they were returned to 37°C for 1 h (Fig. 6b) or
4 h (Fig. 6c).

There is no significant difference in the rate of
chromosomal abnormality among any of the control
groups.

Among all the experimental groups, a total of 50 of
63 oocytes analysed displayed spindle abnormality,
compared with a total of 23 of 41 parthenotes that
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% of parthenotes that cleaved

Experimental
• Control

„ 1827
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n

1923
*

27

25 26 1! 24
22

26 2!

2 10 30 2 10 30 2 10 30
a b c

Duration of exposure to room temperature (minutes)

*X2 = 5.7, p<0.01 2 = 6.5, p<0.01 •••X2 = 12.7, p<0.001

Figure 5 Histogram illustrating the incidence of cleavage
in parthenotes developed from oocytes exposed to tempera-
ture reduction for 2,10 or 30 min followed by (a) immediate
analysis, or incubation at 37 °C for (b) 1 h or (c) 4 h.

were chromosomally abnormal. There is a statistically
significant association between spindle abnormality in
oocytes, and chromosomal abnormality in parthe-
notes x2 - 5-41; p < 0.01).

(Pickering et al, 1990). This differential ability to
restore the spindle structure after temperature-
induced damage may be explained by the difference
in amounts of pericentriolar material (PCM) present in
the oocyte, since the construction of a normal spindle
requires both chromosomes to motivate tubulin poly-
merisation, and PCM to organise it; in the mouse
oocyte, PCM is relatively abundant compared with the
human (Pickering et al., 1990).

During procedures for assisted conception that
expose human oocytes to potential temperature-
induced damage, efforts are usually made to ensure
that oocytes are maintained at 37 °C. Despite this, it is
likely that during such procedures, which include
oocyte retrieval, the transfer of gametes into the Fallo-
pian tubes, and intracytoplasmic sperm injection,
some oocytes may be subjected to a fall in tempera-
ture. Indeed, depending on the skill of the operator,
oocytes may spend over 2 min on a microscope stage
during oocyte retrieval (average per operator ranging
from 45 to 185 s; P. Almeida, unpublished observation
from this Unit).

While in the earlier study (Pickering et al., 1990),
oocytes were transferred directly from drops of
medium at 37 °C to drops at RT; the present study
mimics more closely the conditions to which oocytes
may be exposed during standard procedures for
assisted conception, in that the dishes containing the
oocytes were moved from 37 °C and left at RT for as
little as 2 min. Moreover, this study is in agreement

Discussion

In the human, the ovulated oocyte is arrested at
second meiotic metaphase, with anastral, barrel-
shaped spindles that are slightly pointed at each pole,
and located perpendicular to the oolemma (Pickering
et al., 1988). The spindle, to which the chromosomes
are attached by kinetochores, is composed of micro-
tubules, which are highly sensitive to temperature
changes. Thus, depolymerisation increases at tem-
peratures below 20 °C and is complete at 0-4 °C, while
repolymerisation is favoured by a rise in temperature
above 20°C (Dustin, 1984). In the mouse, it has been
demonstrated that when oocytes are cooled to 25 °C,
18 °C or 4°C, progressive disassembly of the meiotic
spindle results, with the extent of depolymerisation
relating to the duration and degree of the fall in
temperature. Similar effects have been observed when
human oocytes are cooled slowly at l°C/min to 0°C
(Sathananthan et al, 1988). In the mouse, repolymeri-
sation occurs when oocytes are warmed to 37 °C, and
apparently normal spindles form once more (Picker-
ing & Johnson, 1987; Sathananthan et al, 1992),
whereas in the human, the effects are irreversible

% of parthenotes showing chromosomal abnormalities

100

80

60

40

20

***
7

17

+
18

17
25

24

oo
7

o
18

++
14

Experimental
• Control

24

2 10 30 2 10 30 2 10 30
a b c

Duration of exposure to room temperature (minutes)

*X2 = 5. p <0.025
•*X2 = 6.9, p<0.00l +X2= 13.6. p<0.001 oX2 = 6.5, p <0.0l

" • X 2 = 7.2. p<0.001 ++X2 = 4.5, p <O.O25 ooX2 = 5.6, p <0.0l

Figure 6 Histogram illustrating the incidence of chromoso-
mal abnormality in parthenotes developed from oocytes
exposed to temperature reduction for 2, 10 or 30 min fol-
lowed by (a) immediate analysis, or incubation at 37°C for (b)
1 h or (c) 4 h.

https://doi.org/10.1017/S0967199400002793 Published online by Cambridge University Press

https://doi.org/10.1017/S0967199400002793


364 P.A. Almeida and V.N. Bolton

with the earlier study, which found irreversible dis-
ruption of the meiotic spindle following transfer from
37°C to RT for 10 min or 30 min, with evidence of
chromosomal dispersal. Our results demonstrate that
when oocytes are exposed to RT for 2 min, after which
the temperature of the culture drops has decreased to
32 °C, the spindle is disrupted, although this effect is
reversible. Thus, while microtubules are extremely
sensitive to temperature changes, depolymerisation
commences, but is reversible, even with a fall in tem-
perature of only 5°C.

It has been suggested that any loss of tubulin
dimers during cooling could result in dislocation of
chromosomes from the metaphase plate, seriously
affecting the normal segregation of chromosomes
during anaphase, and resulting in aneuploidy and
mosaicism (Kola et ah, 1988). Although the data pre-
sented here indicate temperature-induced spindle
anomalies are not directly associated with dispersal of
chromosomes from the meiotic metaphase plate, the
effect of temperature-induced spindle damage on
chromosomal constitution may not arise until after
fertilisation and mitosis. This possibility was examined
by parthenogenetic activation, and cytogenetic analy-
sis of the parthenotes generated from oocytes exposed
to a drop in temperature. The results demonstrate that
there is a direct association between temperature-
induced spindle damage and the incidence of chro-
mosomal abnormalities in parthenotes developed
from oocytes exposed to RT for different lengths of
time (x2 = 541; p < 0.01). These effects on the spindle
and on chromosomal dispersal are reversed if oocytes
are exposed for only 2 min, but irreversible if exposed
for 10 or 30 min.

In addition to the effects on the spindle and on
chromosomal dispersal, the rate of parthenogenetic
activation, and of cleavage of resulting parthenotes,
are also affected by temperature reduction. Again,
these effects are reversed if oocytes ,are left at RT for
only 2 min, but not after 10 min or 30 min. Thus, the
damage induced by temperature reduction is more
far-reaching than simply an effect on the microtu-
bules, possibly resulting in alteration of other cyto-
plasmic proteins such as cytostatic factor (CSF) and
maturation promoting factor (MPF), which are
involved in regulation of the cell cycle.

Since the oocytes used for these investigations had
been cultured in vitro for 20 h longer than those used
by Pickering et al. (1990), it might be argued that the
high rate of spindle abnormalities reported here may
be merely a manifestation of oocyte ageing in vitro
(Pickering et ah, 1988), and that this, rather than tem-
perature-induced spindle damage, is responsible for
chromosome scattering. However, the inclusion of
appropriate controls, all of which showed a sig-
nificantly lower abnormality rate, for both the spindle

and chromosomes, than their respective experimental
groups indicates that this is not the case. Indeed, a
number of studies have shown that the morpho-
logical, biochemical, cytoskeletal and chromosomal
integrity of the human oocyte is maintained in culture
for up to 72 h (Ortiz et al, 1982; Gifford et al, 1987;
Eichenlaub-Ritter et al, 1988; Tarin et al, 1991).

Astral spindles (Fig. lc), which represent 3.8% and
3.7% of abnormalities in the experimental and control
groups respectively in the present study, were not
observed by Pickering et al. (1990), who suggested that
since human oocytes lack PCM foci, nucleation of
microtubular asters did not take place. Possible expla-
nations for this difference include the use of fresh
compared with aged oocytes, the relatively small
sample analysed in the earlier study, or the different
effect of a sudden compared with a gradual exposure
to temperature drop.

The clinical implications of the findings of the
present study are significant, and provide one expla-
nation for the high incidence of chromosomal abnor-
malities reported among human preimplantation
embryos (Plachot et al, 1988; Ma et al, 1990; Pellestor et
al, 1994). Further studies will be necessary to deter-
mine the temperature and/or the time of exposure to
RT, between 2 min and 10 min, at which temperature-
induced damage becomes irreversible.
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