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Summary. A suitable hormonal environment is a prerequisite 
for blastocyst implantation. Experimental diabetes was pre- 
viously shown to modify the hormonal milieu and produce al- 
terations in oestrogen receptor kinetics in the uterine tissue. In 
the present work, oestrogen and progestogen receptor levels 
were measured on the morning of day 6 of pregnancy in nor- 
mal and in streptozotocin-induced diabetic rats, both in im- 
plantation sites and in interembryonic segments of endome- 
trium and myometrium. Receptor levels were different in the 
implantation sites compared to the interembryonic segments 
of endometrium, both in the control and in the diabetic ani- 
mals. Indeed, implantation sites were characterized by lower 
oestrogen receptor levels in cytosol and higher progestogen re- 
ceptor levels in cytosol and nuclei. However, compared to the 
control rats, the diabetic rats had lower oestrogen receptor 
levels in implantation sites, both in cytosol and nuclei. In the 
myometrium, the differences between sites or between types 

of rats were minimal. Plasma levels of oestradiol were lower in 
diabetic rats than in control animals, whereas progesterone 
levels were similar. A 20% lower implantation rate was found 
in diabetic rats, compared to normal rats. These results show 
that the specific distribution of oestrogen and progestogen re- 
ceptors between implantation sites and interembryonic seg- 
ments was preserved in the diabetic rats; however the absolute 
level of oestrogen receptor was lower. This abnormal endo- 
crine milieu might arise from a lower oestradiol level and a de- 
creased oestradiol/progesterone ratio in the circulating blood. 
Whether the lower implantation rate in diabetic rats might be 
a consequence of the overall disturbed hormonal status re- 
mains to be elucidated. 

Key words: Blastocyst, implantation, rat, oestrogens, proges- 
terone, receptors, pregnancy, experimental diabetes. 

The influence of maternal diabetes on early embryo de- 
velopment and implantation is still largely unknown. 
Early fetal growth delay has been described in the fe- 
tuses of human diabetic patients and this observation 
has been related to a higher incidence of congenital 
malformations in this group [1-3]. An increased rate of 
congenital defects indeed occurs both in clinical [4], and 
experimentally induced diabetes [5]. Although efficient 
insulin treatment appears to reduce the rate of malfor- 
mation [6, 7], the nature of the diabetic aggression lead- 
ing to teratogenesis is not known [5]. Recent develop- 
ments draw attention to very early steps in embryo 
development, close to the implantation period, which 
might be more sensitive to metabolic disturbances 
[8-10]. The investigation of the embryo-maternal inter- 
relationship around the time of implantation could be 
an important approach in the understanding of the 
deleterious effect a metabolically disturbed environ- 
ment could exert on early embryo development, im- 
plantation and further differentiation. 

The implantation procedure in the rat begins on 
the evening of day 5, continues on day 6 and is com- 
pleted on day7 [11]. During that period, hormonal 
modifications occur at the implantation site leading to 
specific receptor kinetics [12-15]. In non-pregnant 
streptozotocin-induced diabetic rats, oestrogen recep- 
tors are present at essentially normal concentrations in 
both the endometrium and myometrium, and 
oestrogen activity is essentially unchanged [16, 17]. Re- 
ceptor kinetics may, however, be disturbed due to ab- 
normal oestrogen metabolism in the diabetic animal 
[18, 19], resulting in de:creased oestrogen action at the 
endometrium level [19-20]. Insulin treatment however 
restores normal receptor kinetics and hormonal activ- 
ity [21], emphasizing t]~e specificity of these observa- 
tions. 

In the present work, we investigated the oestrogen 
and progestogen receptor kinetics at the time of im- 
plantation, both in normal and diabetic rats. Although 
results were similar in both the diabetic and the nor- 
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Fig. 1. Oestrogen-receptor, progestogen-receptor and protein levels in 
subcellular fractions of endometrium in control rats (open bars) and 
in diabetic rats (hatched bars) on the morning of day 6 of pregnancy. 
IMPL= Implantation sites; INTER= Interembryonic segments. Sta- 
tistical significance between IMPL and INTER is shown by the 
arrows. Significant differences between control and diabetic groups 
are given on top of the hatched bars. Figures are the means + SEM of 
6 replicates. Each replicate was performed on pooled sites from 8 to 
10rats. * p<0.05 ** p<0.01 

m a l  rats  as fa r  as spec i f i c  r e c e p t o r  d i s t r i bu t i on  at  
the  i m p l a n t a t i o n  sites is c o n c e r n e d ,  the  d i a b e t i c  ani-  
m a l s  h a d  l o w e r  o e s t r o g e n  r e c e p t o r  levels  t h a n  the  con-  
t ro ls  m a i n l y  at  the  i m p l a n t a t i o n  sites. D i a b e t i c  rats  
a lso  h a d  l o w e r  p l a s m a  levels  o f  oe s t r ad io l  a n d  lower  
o e s t r a d i o l / p r o g e s t e r o n e  ra t ios .  F ina l ly ,  a 20% l o w e r  
ra te  o f  i m p l a n t a t i o n  was  o b s e r v e d  in  the  d i abe t i c  ani-  
mals .  

Table t. Plasma levels of oestradiol-17~ (OE2) and progesterone (P) 
in pregnant rats (mean + SD for n animals) 

Day 6 Day 7 

OE2 P OE2/P OE2 P OE2/P 
(pg/ml) (ng/ml) ( x 103) (pg/ml) (ng/ml) ( x 103) 

Control rats 
18 67 0.31 15 59 0.25 

SD 4 20 0.13 3 10 0.08 
n 16 16 16 5 5 5 
Diabetic rats 

14 b 66 0.23 a 10 b 65 0.16 b 
SD 4 17 0.09 3 19 0.04 
n 23 23 23 14 14 14 

a p < 0.05 with control rats; b p < 0.01 with control rats 

Materials and methods 

Animals 

Wistar rats from the faculty breeding centre (Universit6 Catholique de 
Louvain, Brussels, Belgium) were mated overnight as previously de- 
scribed [13]. The presence of a vaginal plug the next morning was con- 
sidered as day1 of pregnancy. On the morning of day6 
(09.00-10.00 hours), I ml 0.5% Evans blue was injected i.v. The ani- 
mals were killed 15-20 rain later and the implantation sites (well 
defined blue stripes) and the interembryonic segments collected, and 
kept separately in liquid nitrogen. Diabetic rats were obtained by in- 
jecting streptozotocin (45 mg/kg) i.v. as previously described [16, 171. 
They were mated with male rats 8 days after the onset of diabetes 
(blood glucose levels above 20 mmol/1, slight or no ketonuria). If they 
did not become pregnant, they were mated again 15 and 21 days after 
streptozotocin injection, to allow a one-week interval between each 
overnight mating. After three unsuccessful trials, they were discarded 
from the experimental group. 

Methods 

All the methods for oestrogen and progestogen receptor measure- 
ments have been described previously [13]. Protein and DNA 
measurements have also been reported earlier [131. 

Progesterone and oestradiol-17[3 were measured in individual 
plasma samples collected at the time the animals were killed. Classic 
routine radioimmunoassay techniques were used (Ire Medgenix, 
Fleurus, Belgium). However, plasma samples were first extracted with 
ether, and the extracts washed with distilled water, to remove the 
Evans blue contaminating the sample. 

Statistical analys& 

Statistical significance between implantation sites and interembryonic 
segments was determined with the two tailed paired Student's ttest. 
Difference between control and diabetic rats was analysed with the 
two tailed unpaired Student's t test. The level for a statistically signifi- 
cant difference was set at p< 0.05. 

Results 

Protein concentrations 

I n  the  e n d o m e t r i u m  (Fig.  1) p r o t e i n  levels  were  h ighe r  
in the  cy toso l  o f  i m p l a n t a t i o n  sites, w h e n  c o m p a r e d  to  
i n t e r e m b r y o n i c  segments ,  b o t h  in  the  n o r m a l  a n d  in  the  
d i a b e t i c  an imals .  D i a b e t i c  rats  h a d  a l o w e r  p r o t e i n  con-  
c e n t r a t i o n  in  cy toso l  o f  i m p l a n t a t i o n  sites w h e n  com-  
p a r e d  to  the  n o r m a l  an imals .  

I n  the  m y o m e t r i u m  (Fig .2)  p r o t e i n  c o n c e n t r a t i o n s  
were  h ighe r  in the  cy toso l  o f  i m p l a n t a t i o n  sites in  b o t h  
con t ro l  a n d  d i a b e t i c  ra t  t issue.  D i a b e t i c  a n ima l s  h a d  
l o w e r  n u c l e a r  proteJin levels  t h a n  the  n o r m a l  rats.  

Oestrogen receptor levels 

I n  the  e n d o m e t r i u m  (Fig.  1), oe s t rogen  r e c e p t o r  levels  
were  l o w e r  in the  cy toso l  o f  i m p l a n t a t i o n  sites, com-  
p a r e d  to  i n t e r e m b r y o n i c  segments .  This  d i f f e rence  
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reached statistical significance in the diabetic but not in 
the control rats. Lower oestrogen receptor levels were 
observed in the cytosol of  both uterine segments as well 
as in the nuclei of implantation sites of diabetic com- 
pared to normal rats. 

In the myometrium (Fig.2) no difference was ob- 
served between uterine segments, in neither the control 
nor in the diabetic rats. Diabetic animals had slightly 
higher levels as compared to control rats in inter- 
embryonic segments. 

Progestogen receptors 

In the endometrium (Fig.a), progestogen receptor 
levels were higher in implantation sites, when com- 
pared to interembryonic segments, both in the cytosol 
and nuclei, of normal and diabetic rats. Progestogen z 
receptor levels in implantation sites of the diabetic rats w ~Dq3 
were slightly (not significantly) lower than in the o rr 
normal rats. In the myometrium, diabetic rats had m o 
similar levels of progestogen receptors to the normal ~ 
animals, o o ILl 

r r  

Oestradiol and Progesterone plasma levels 

Table 1 shows that oestradiol plasma levels were signif- 
icantly lower in the diabetic rats compared to the con- 
trol animals, both on day 6 and day 7. Progesterone 
levels were the same. Oestradiol/Progesterone ratios 
were lower in diabetic animals. 

Implantation rate 

Table 2 gives the mean implantation number per rat in 
normal rats on days 5, 6 and 7 and in diabetic animals 
on days 6 and 7. The mean number of sites increased 
about 15% from day5 to day6, and remained un- 
changed on day 7. Diabetic rats had a 20% lower im- 
plantation rate as compared to the corresponding con- 
trols. 

Discussion 

Blastocyst implantation requires an adequate 
oestrogen-progesterone milieu [11].  Hence, an 
oestrogen surge is needed to initiate the endometrium 
receptivity period, during which implantation would be 
accepted [22-23]. The blastocyst itself most likely con- 
tributes to the hormonal mechanisms leading to its own 
implantation [24]. In some species, oestrogens are pro- 
duced by the blastocyst, which might then implant with- 
out any maternal oestrogen surge [25]. In the rat, such 
hormonal contributions from the blastocyst have been 
debated, but not proven [13]. 
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Fig.2. Oestradiol-receptor, progesterone-receptor and protein levels 
in subcellular fractions of myometrium in control rats (open bars) and 
in diabetic rats (hatched bars) on the morning of day 6 of pregnancy. 
IMPL=Implan ta t ion  sites; INTER=Interembryonic  segments. 
Statistical significance between IMPL and INTER is shown by the 
arrows, Significant differences between control and diabetic groups 
are given on top of the hatched bars. Figures are the m e a n s _  SEM of 
6 replicates. Each replicate was performed on pooled sites from 8 to 
10rats. * p<0.05 ** p<0.01 

Spedfic modifications of receptor distributions 
were described at the implantation sites, where 
oestrogen receptor levels decreased in the cytosol but 
not in the nuclei, whereas progestogen receptor levels 
increased in both fractions between the evening of 
day 5 and the morning of day 6 of pregnancy [12-15]. 
These modifications could result from a local 
oestrogenic effect on receptor kinetics [26-28] and syn- 
thesis [29], although the origin and the nature of the 
oestrogen effector remains unsettled. Nevertheless, a 
similar oestrogenic effect was observed in the present 
study of diabetic rats (lower oestrogen and higher pro- 
gestogen receptor levels in implantation sites, compared 

Table 2. Number of implantation sites per rat 

Control rats Diabetic rats 

Day 5 8.91 + 3.34 a 
(141) b 

Day6  10.4 +3.18 c 8.2 +3.19 d 
(327) (137) 

Day 7 9.9 + 2.7 8.0 + 3.3 
(14) d8) 

a Mean _+ SD; b Number of rats; c p < 0.001 with Day 5; d p <  0,001 
with control rats 



R. De Hertogh et al.: Blastocyst implantation in diabetic rats 571 

to interembryonic segments). Earlier work has shown 
that oestrogen receptor kinetics were essentially normal 
in non-pregnant diabetic rats [16, 17]. Also, oestrogens 
were able to stimulate progestogen receptor synthesis in 
diabetic as well as in non-diabetic ovariectomized rats 
[30]. A similar conclusion can be drawn from the pres- 
ent study in diabetic pregnant animals. 

However, the striking observation reported here, is 
the lower levels of cytosol and nuclear oestrogen recep- 
tors in implantation sites of the diabetic rats compared 
to the control animals. This situation is important, since 
it implies a potentially disturbed hormonal environ- 
ment at the site where the implanted blastocyst is likely 
to interact with the uterine bed. Decreased oestrogen 
[31-33] and corticosterone [34] receptor levels have been 
reported in the central nervous system, and decreased 
androgen receptor levels [35] in the prostate of diabetic 
rats. However, in uterine tissues of non-pregnant rats, 
normal oestrogen and progesterone receptor levels were 
found, from a few days up to several months after onset 
of diabetes, despite loss of weight and progressive cata- 
bolic state [16, 17, 30]. The cause of the decreased 
oestrogen receptor levels in implantation sites of 
diabetic rats is not known. Several hypotheses can be 
proposed. Time delayed receptor kinetics seem unlike- 
ly, since oestrogen receptor levels were shown to de- 
crease, and not increase in implantation sites of normal 
rats from day 5 to day 6 [14, 15]. It is also unlikely that 
streptozotocin might, on its own, induce such specific 
alteration, predominantly in implantation sites, 2 to 
4 weeks after injection. Although long-lasting damage 
to some tissue function is possible, previous works per- 
formed in non-pregnant rats have shown that oestrogen 
receptor levels were not altered in streptozotocin in- 
duced diabetic animals, indicating a lack of effect of 
streptozotocin itself on the expression of these receptors 
[16, 17]. Moreover, the abnormal receptor kinetics ob- 
tained after i.p. administration of oestradiol were fully 
reversed by insulin treatment [21]. Hormonal activity on 
uterine protein synthesis was also restored to normal 
[211. 

One might thus speculate that diabetes induced dis- 
turbed receptor kinetics might occur in pregnant rats, 
and result in lower oestrogen receptor levels in the early 
days of pregnancy predominantly at the implantation 
sites, where a specific oestrogenic effect is expected. As 
shown in non-pregnant rats, experimental diabetes in- 
creases the oestradiol clearance rate [18], which in turn 
may disturb the subcellular kinetics of oestrogen recep- 
tors in the uterine tissue [19]. We observed a lower plas- 
ma oestradiol level in the pregnant diabetic rats, which 
is likely to result from increased metabolism of the hor- 
mone (18 and unpublished observations), and not from 
decreased luteal function as described in pseudo-preg- 
nant diabetic rats [36]. Indeed, progesterone plasma 
levels were normal in our diabetic pregnant animals. 
Hence, oestradiol/progesterone ratio was decreased, 
which adds another hormonal disequilibrium, in favour 

of progesterone which exerts an inhibitory activity on 
oestradiol receptor synthesis [37]. 

Decreased implantation rates in the diabetic rats 
have not been reported previously. Hormonal imbal- 
ance at the implantation site could change uterine 
receptivity to the preimplantation blastocyst [11]. 
However, the migration time of the embryo in the 
genital tract is also dependent on local or systemic 
hormonal equilibrium between oestradiol and proges- 
terone [38, 39]. The decreased circulating oestradi- 
ol/progesterone ratio observed in the pregnant 
diabetic rats could slow down this migration speed 
and delay implantation. Our data do not support this 
hypothesis; indeed, the implantation rate was not 
higher on day 7, remaining 20% lower in the diabetic 
animals than in controls. 

Other, as yet unknown, factors linked with the 
diabetic environment of the mother might also be dele- 
terious to the development of the embryo and/or  to the 
receptivity of the endornetrial bed [36]. 

It has been recently reported that two-cell embryos 
from diabetic mice undergo a slower development in 
vitro than two-cell embryos from normal mice [40]. This 
observation and the present study emphasize the need 
for further study on the early development of embryos 
from diabetic animals. 

In conclusion, the present study, performed in nor- 
mal and in diabetic rats, showed that an oestrogenic ef- 
fect was observable at the sites of blastocyst implanta- 
tion, both in normal and in diabetic animals, although 
the level of oestrogen receptors was lower in the latter 
group. A lower oestradiiol/progesterone ratio in plasma 
of diabetic rats could play a role in the disturbed recep- 
tor levels. On the other hand, a 20% lower rate of im- 
plantation in the diabetic group, could in some way be 
the consequence of a diisturbed hormonal environment, 
although other unknown maternal and/or  embryologi- 
cal factors may conlxibute. 
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