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Effect of in-utero diethylstilboestrol exposure on human
oocyte quality and fertilization in a programme of
in-vitro fertilization

A.Kerjean?, C.Poirot'3 S.Epelboirf and P.Jouannet  for the first time, adverse pregnancy outcomes, including
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Denfert Rochereau, 75014 Paris, France women (Herbset al, 1980). Data concerning adverse repro- 5
3To whom correspondence should be addressed ductive performance have been published and include contro-§

. N versial reports of oocyte maturation abnormalities in mice
Genital tract abnormalities and adverse pregnancy outcome exposed to DES (MacLachlat al., 1980; Iguchiet al., 1990,
boestrol (DES). Data about adverse reproductive perform-  1979) and increased occurrence of endometriosis (Stillman
ance In women ex!oosed to DES have been pub”shed, and Miller, 1984; Berger and Alper, 1986; Senekjianall.,
including controversial reports of menstrual dysfunction,  1988) or autoimmune disease (Weal., 1987; Nolleret al.,
poor responses after ovarian stimulation, oocyte maturation  1988) in women exposed to DES. It is not known if in-utero
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ity, in-vitro fertilization results and embryo quality for adulthood.

women exposedin utero to DES with a control group. The aim of this study was to investigate oocyte quality,
Between 1989 and 1996, 56 DES-exposed women who hadfertjlization and embryo quality in women exposed to DES by
125 in-vitro fertilization (IVF) attempts were retrospect-  comparing such women participating in an in-vitro fertilization

ively compared to a control group of 45 women with tubal (IVF) programme to a control group.
disease, who underwent 73 IVF attempts. Couples suffering
from male infertility were excluded. The parameters com-
pared were oocyte quality (maturation abnormalities,
immature oocyte, mature oocyte), fertilization and cleavage Patients

rate (per treated and metaphase Il oocytes), and embryo All women with a history of in-utero diethylstilboestrol exposure
quality (number and grade). We found no significant ~ Who participated in an IVF programme between 1989 and 1996, were
difference in oocyte maturational status, fertilization rates, retrospectively included in the study group. The women of the control
cleavage rates, embryo quality and development between group were selected as follows: for each woman in the study group,

. . the first woman of the same age and with tubal infertility who had
DES-exposed subjects and control subjects. These results an IVF attempt within the 3 subsequent months was included. In the &

Materials and methods
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§uggest that in-utero equsure to DES_ ha; no S!Qn'f'ca”t DES group, the women had many genital abnormalities in their &
influence on oocyte quality and fertilization ability as  megical history (Table I). The incidence of ovulatory dysfunction &
judged during IVF attempts. (defined as any history of irregular menstrual cycle with luteal phase .
Key words:diethylstilboestrol/embryo/infertility/in-vitro ferti-  defects) and endometriosis was much higher in the study group_g
lization/oocytes However, since no differences were found in the oocyte number and 2

quality and pregnancy rate in women with or without these defects %
in the DES-exposed group, it was decided not to take these factorsg
into account when matching the subjects included in the control *
Introduction group. If there was a suspicion of male infertility, based on abnormal

. . . .. semen parameters according to World Health Organization (WHO)
Women exposedh utero to diethylstilboestrol (DES) exhibit  criteria (1992), the couple was excluded to avoid bias due to the
genital tract abnormalities including vaginal adenosis, cervicaale factor.
ectropion, ridges, pseudopolyps, uterine hypoplasia and in There were 125 IVF attempts with oocytes collected from 56 DES-
some cases, vaginal and cervical clear cell adenocarcinomexposed women. The control group included 45 women and 73
These women may suffer pregnancy complications as a resulF attempts. The whole population and two more homogeneous
of reproductive tract abnormalities such as uterine defect$ubgroups were analysed. The first one considered only the first IVF
including a T-shaped or hypoplastic cavity, a septate uterugttempt for each patient, the second included only patie3s years
intrauterine synechiae or irregular uterine margins (Kaufmar'd for whom IVF was attempted between January 1995 and June
et al, 1977; Siegleet al., 1979; Cabawt al, 1984; Epelboin 1996 (Table 11).
and Bulwa, 1993; Noyest al., 1996; Salle=t al, 1996). These Ovarian stimulation and oocyte recovery
are associated with an increased incidence of poor reproductivine protocols for ovarian stimulation involved associating long or
outcome (Senekjiaret al, 1988). Among women pregnant short gonadotrophin-releasing hormone agonist (GnRHa) treatment
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(%) Fertilisation rate Cleavage rate
Table I. Reproductive history and genital abnormalities of the 56 women 100 7 T
exposed to diethylstilboestrol (DES) and the 45 women with tubal occlusion
in the control group 80
DES Control group 0
n % n %
40 -
Primary infertility 27 48 14 31 B
Secondary infertility 29 52 31 69 2 g
Ovulatory dysfunction 32 57 - - 2
History of ovarian cysts 8 14 2 4
Endometriosis 9 16 3 7 0
Cervical mucus defect 22 39 - - DES- Control DES- Control
Cervical stenosis 31 55 - - exposed exposed
Uterine abnormalities 34 61 - - . L .
Bilateral hydrosalpinges _ _ 8 18 Figure 1. Mean fertilization rates and cleavage rates after IVF in
Bilateral tubal occlusion 15 27 45 100 diethylstilboestrol (DES)-exposed womel)(or controls [J).
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ized mature oocytes at metaphase Il were recognized by the first
and administration of gonadotrophins. For the long protocol, thepolar body and the absence of pronuclei.
women were down-regulated with GnRHa (triptoreline or leupro- Forty-eight hours after insemination, cleaved embryos were graded
reline) and thereafter stimulated with daily injections of humanaccording to their morphological appearance using the following
menopausal gonadotrophin (HMG) or purified follicle stimulating scale: type A (no extracellular cytoplasmic fragments), type B
hormone (FSH). For the short protocol, GnRHa was started on dagembryo fragmentation of 1-20%), type C (embryo fragmentation
1 of menstruation and HMG was added on day 3 (Frydreaal., rate 21-50%), and type D (embryo fragmentation ra&0%).
1988). The short protocol was used for 5% € 6) of the DES-
exposed group and 14% (= 12) of the control group. Ovulation Statistical analysis
was induced with 5000 IU of human chorionic gonadotrophin (HCG).Student'st-test was used for statistical evaluation. Statistical signific-
Oocytes were harvested 35-37 h after HCG injection using ance was defined asRvalue < 0.05.
transvaginal ultrasound procedure (Frydnedral., 1988).

All the oocyte—cumulus complexes except those with ‘fractured

zona pellucida’ and degenerating oocytes were washed and incubatBesults .

in B2 medium (CCD, Paris, France) before insemination. Oocytes from the whole DES-exposed population correspond-
ing to 125 IVF attempts were compared with those from the
Sperm preparation control group corresponding to 73 IVF attempts, as shown

Patients’ semen was collected by masturbation on the day of IVEn Table Ill. The mean number of oocytes collected from DES-
and allowed to liquefy for 30 min at 37°C. The sperm samples wereexposed women was slightly but not significantly lower than
prepared by a conventional swim-up procedure in 31% of cases anghat from unexposed women. For the DES-exposed group, the
by centrifugation through a mini-Percoll gradient in 69% of casespercentages of mature type | (79.5%) and immature type II IN
(Ng et al, 1992). (20.5%) cumulus and corona cells were not significantly E
different from those for the control group (75.6 and 24.4% g
- ) respectively). The mean number of abnormal or immature o
From 1989 to 1994, oocytes were classified as mature if they WerBocytes was also not different between the groups. This was—
fully enclosed . by expanded radiant corona and cumulus Ce"%lso true when subgroups of younger women or only the firstg
(type 1), or as immature if the cumulus was partly expanded (typeIVF attempt only were considered 5

II) or non-expanded with a compact layer of corona cells (type A . L.
IIl). Four oocytes per well were inseminated with 30 00060 000 The fertilization rates measured 18—-24 h after insemination

o
spermatozoa in 1 ml of B2 medium using a multidish four-well Were slightly lower, but not significantly, for DES-exposed X
system. After 1994, the cumuli were placed into jB0drops of B2~ Women than unexposed women (Figure 1). The percentage of
medium under equilibrated mineral oil (Merck, Nogent sur Marne,zygotes with three pronuclei per mature oocyte for DES-
France) and inseminate3 h after the sperm preparation with 5000 exposed women (2.3%) was also not different from that for
motile spermatozoa. All oocytes were incubated and inseminated innexposed women (2.1%). DES exposure did not affect the
separate microdrops to allow for individual examination and follow- cleavage rate. Although the proportion of embryos with0%
up. Gametes were cultured in a humidified gas incubator at 37°Gragmentation was higher for the DES-exposed group, there
(5% CO, 95% ain). At ~17-20 h post-insemination, the corona 45 ng significant difference in the proportions of fragmented
cells were removed mechanically by repeated gentle aspiration an

expulsion of the oocyte through a Pasteur pipette. The zygotes Weré:zmbryos 2 days after insemination between DES-exposed and

transferred into sperm-free B2 medium and observed to determin(éOntrOI groups (Figure 2). Embryo quality and development

the pronuclear status of the zygote and the nuclear status of noiS judged by the percentage of embryos which reached the

fertilized oocytes using a Nikon Diaphot inverted microscope withtYP€ A or B four-cell stage were not significantly different in
phase contrast optics, a1400 magnification. Abnormal cocytes with DES-exposed subjects (22.2%) and in control subjects (16.3%).
a fractured zona pellucida, atretic oocytes and immature oocytes #&n embryo transfer occurred in 91.2% of IVF cycles in DES-
the germinal vesicle stage or at metaphase | were recorded. Unfertiexposed women and 87.7% of the cycles in the control group.
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Table Il. Characteristics of the whole population exposed to diethylstilboestrol (DES) and control groups, and also for subgroups of women having their first
IVF attempt and those aged35 years

All subjects

Subgroups

First IVF

<35 years, 1995-1996

DES-exposed Control DES-exposed Control DES-exposed Control
Number of patients 56 45 54 28 17 25
Age (years) 35.2 4.2* 345+ 45 36.1* 4.59 34.6+ 7.88 30.8+ 1.68 32.2+ 6.15
(27-44) (26-42) (27-44) (28-42) (27-34) (26-35)
Number of IVF attempts 125 73 54 28 23 30
*Mean = SD.
+
Range. o
Q
2
3
]
Table Ill. Comparison of oocyte recovery and quality in women exposed to diethylstilboestrol (DES) and controls 2
[0}
(o8
Subgroups 3
3
All subjects First IVF <35 years, 1995-1996 =
©
(7]
Oocyte quality DES-exposed Control DES-exposed Control DES-exposed Control g?:
Q
Retrieved oocytes 9.1+ 8.36* 10.8 = 9.06 8.36*+ 7.65 10.04+ 8.61 9.46*+ 6.45 12.53+ 7.83 )
Atretic oocytes 0.2 0.7 0.59+ 1.08 0.33x 0.9 0.33+ 0.76 07 £1.21 1.1 =£1.42 g
Fractured zona pellucida 0.69 1.44 091+ 1.4 0.7 =1.23 0.75* 1.48 05 *£0.11 1.23+ 1.52 e}
Germinal vesicle stage 0.9+ 1.1 0.33+ 0.57 0 0 0.84+ 1.06 0 %
Metaphase | 0.26- 0.65 0.71* 0.99 0.29% 0.7 0.46+ 0.74 0.34%+ 0.71 1.1 *1.09 8
Metaphase I 7.04- 4.47 8.26*+ 5.02 7.04*+ 4.82 8.5 * 5.63 7.08* 3.36 9.1 =38 3
0
e
*Mean * SD. 3
There were no significant differences between the DES-exposed women and controls. 3
o
(;ﬁ) All subjects First IVF < 35 years In mice, it has been demonstrated (MacLactéaal.,, 1980) o
100 7 =
that an abnormally low number of oocytes are recovered and =
a large number of degenerating oocytes found after ovarian2
| . . . . o
80 1 stimulation in females previously exposed to DESutera It 3
has also been found (Iguckt al, 1991) that mouse oocyte 3
60 maturation is affected by perinatally administered DES. Neo- g

natal exposure leads to larger gap junctions in the granulosax
cells of mature follicles and a stronger attachment among<
granulosa cells, which prevents disaggregation of the cumulus%
oophorus complex, even after ovulatory stimuli. DES-exposed &
mice also discharged a similar number of ova to control mice
following stimulation by gonadotrophins, and oocytes from
polyovular follicles in DES-exposed mice had a significantly
decreased fertilization capaciiy vitro.

Data concerning the effects of DES on women’s fertility
are conflicting. According to previous studies (Senekgaal.,
1988), primary infertility was significantly more frequent
among women who had been exposed to DES than among

Although not significantly different, the clinical pregnancy Unexposed women. Other studies (Bareeal,, 1980; Cousins

rate was lower in the DES-exposed group (15.8%) compare@t al.,, 1980; Stillman, 1982) did not find differences in fertility

to the control group (23.1%), but the mean number of replaceffteS between DES-exposed women and unexposed subjects,
embryos was also lower (255 1.11 versus 2.9 1.11). as estimated by the number of pregnancies per woman. It has
been suggested (Bibbet al., 1977) that DES exposure may

be associated with menstrual irregularities, but other studies
(Barnes, 1979) revealed no significant irregularities at either
A similar incidence of oocyte anomalies, IVF and cleavageinitial or follow-up examination. During IVF procedures some
rates, and clinical pregnancy rates was found for womerstudies (Muasheet al, 1984; Karandest al., 1990) did not
exposed to DESn utero and a control group of unexposed find significant differences in preovulatory, immature and
women. degenerated oocytes between patients with tubal disease and
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Figure 2. Embryo quality 2 days after insemination in
diethylstilboestrol (DES)-exposed women and contr@istype A:
0% fragmentation[] type B = 1-20%,5 type C= 21-50%, and
type D =51%).
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DES-exposed women. However, other studies (Sargval, Kaufman, R.H., Binder, G.L., Gray, P.M. and Adam, E. (1977) Upper genital
1996) f d imilar incid f diminished . tract changes associated with exposureteroto diethylstilbestrolAm. J.
) found a similar incidence of diminished ovarian reserve Obstet. Gynecqgl128, 51-59.

and similar follicular recruitment with gonadotrophins in DES- kaufman, R.H., Binder, G.L., Gray, P.M. and Adam, E. (1986) Upper genital
exposed and other women. In the group of in-utero DES- tract changes and infertility in diethylstilbestrol-exposed womém. J.
exposed women analysed here, the prevalence of ovulatopyOPStet: Gynecal154,1312.

. . . WacLachlan, J.A., Newbold, R.R. and Bullock, B.C. (1980) Long-term effects
dysfunction and endometriosis was very high, but the number o, the female mouse genital tract associated with prenatal exposure to
and quality of oocytes retrieved after stimulation were similar diethylstilbestrol.Cancer Res.40, 3988-3999.
to those from women not exposed to DES. This suggests thtuasher, S.J., Garcia, J.E. and Jones, H.W. (1984) Experience with

- diethylstilbestrol-exposed infertile women in a program iof vitro
the exposure to DES uterodid not alter the development of  {aniiation Fortl Storl. 42 2024 prog

the oocytes in the ovary and that those oocytes are ndg, F., Yi Liu, D. and Gordon Baker, H.W. (1992) Comparison of Percoll,
refractory to the maturation stimulus and/or to the removal of mini-Percoll and swim-up methods for sperm preparation from abnormal

R s P . semen samplesium. Reprod.7, 261-266.
mhlbltory substances that maintain the oocyte in the germmallloller, K.L., Blair, P.B., O'Brien, P.Cet al. (1988) Increased occurrence of

VeSid.e S_tage- The fertilizatiqn qbility and th? embryo formation  autoimmune disease among women expdsedtero to diethylstilbestrol.
also indicate a good qualitative maturation of the oocytes Fertil. Steril, 49, 1080-1082.
retrieved, but factors such as aneuploidy, embryonic genomoyes. N., Liu, H.C., Sultan, K. and Rosenwaks, Z. (1996) Endometrial

. d ultrastruct h tb d in thi attern in diethylstilbestrol-exposed women undergoing in-vitro fertilization
expression anad ultrastructure have not been assessed In tni ay be the most significant predictor of pregnancy outcdtuen. Reprod.

study. 11,2719-2723.
The clinical pregnancy rate (number of cycles with fetalSalle, B., Sergeant, P., Awada, ét al. (1996) Transvaginal ultrasound studies

sacs on ultrasound) per embryo transfer was not significantly fnf‘J?;%”ﬁ[ﬁ”%@g{ggngg?lc_h;sn??ees In uteri exposed to diethyIstilbestrol

different between the two groups although lower in thesandberg, E.C., Riffle, N.L., Higdon, J.V. and Getman, C.E. (1980) Pregnancy
IVF cycles performed in DES-exposed patients. Thus, lower outcome in women exposed to diethylstilbestimlutera. Am. J. Obstet.
delivery rate could be related to other important variables such ©Ynecok 56, 70-76.

. def d d ial hol d thick Sangvai, M., Thie, J. and Hofmann, G.E. (1996) The effect of intrauterine
as uterine defects and endometrial morphology and thiICKNeSSpEg exposure on ovarian reserves screening in the general infertility ¢
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as previously reported (Kaufmaet al., 1977; Siegleret al., population.Am. Soc. Reprod. Med. Abste. 192.
1979; Cabau, 1984; Epelboin and Bulwa, 1993; Nogeal., Senekjian, E.K., Potkul, R.K., Frey, K. and Herbst, A.L. (1988) Infertility
1996; Salleet al., 1996) among daughters either exposed or not exposed to diethylstilbestrol.

J. Obstet. Gynecql158,493-498.
Siegler, AM., Wang, C.F. and Friberg, J. (1979) Fertility of the
diethylstilbestrol-exposed offspringertil. Steril., 31, 601-607.
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