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Summary. Pre-implantation embryos were recovered from 
control, diabetic and insulin-treated diabetic rats on day 5 of 
pregnancy. Compared to control animals, diabetic rats had a 
20 % reduction in the number of embryos per rat and blasto- 
cysts recovered from diabetic rats showed a 19 % decrease in 
total cell number. The cellular decrease observed in blasto- 
cysts was mainly at the expense of the inner cell mass. Insulin 
replacement therapy was started on day i of pregnancy and 
normalized the glycaemia of diabetic rats but failed to raise 
the number of embryos per rat toward the control value. In- 
sulin treatment, however, fully restored the normal cell num- 

ber in both the inner cell mass and trophectoderm of blasto- 
cysts. The dead cell index, which was significantly elevated in 
the inner cell mass of blastocysts from diabetic rats, also re- 
turned to the control value following insulin treatment. Our 
data suggest that diabetes-induced impairment of pre-im- 
plantation development can be partly prevented by insulin 
treatment started shortly after conception. 
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Increasing evidence supports the hypothesis that pre-im- 
plantation embryo  development  is impaired by maternal  
diabetes mellitus. In mice, blastocysts recovered f rom 
diabetic females on day 4 had fewer cells and a lower pro-  
tein synthesis rate than blastocysts f rom control females 
[1]. Two-cell embryos f rom diabetic mice and cultured in 
vitro demonst ra ted  a decreased rate of development  into 
blastocysts when compared  to control  embryos  [2]. In rats, 
maternal  diabetes has been  correlated with a decreased 
rate of implantation [3] and pre- implantat ion embryos  
collected f rom diabetic females on day 5 presented a 
marked  delay in development  [4]. Further  investigation 
showed that the maternal  diabetes was selectively impair-  
ing the proliferation of the inner cell mass ( ICM) cells in 
rat blastocysts [5]. In vitro, the presence of glucose in high 
concentrat ion in the culture med ium of rat blastocysts was 
found to have an inhibitory effect on further develop- 
ment,  with again a larger reduction in ICM proliferation 
than in t rophec toderm (TE) cells [6]. 

Adminis trat ion of insulin proved successful in correc- 
ting some of the developmental  parameters  affected by 
maternal  diabetes during the pre- implantat ion period [1, 
7]. However,  whether  insulin t rea tment  could normalize 
the total  cell number  and the partitioning of these cells be- 
tween I C M  and T E  in blastocysts has never  been  investi- 
gated. The  present  work was carried out to address this 
issue. 

Materials and methods 

Induction o f  the diabetic state and insulin treatment 

Adult Wistar rats were rendered diabetic by administering a single 
intravenous injection of streptozotocin (50mg/kg, Zanossar; 
Upjohn Co., Kalamazoo, Mich., USA) to fasted rats as previously 
described [8]. Control females were injected with vehicle alone. 
Diabetic females with a glycosuria above 2 %, as tested with Tes- 
Tape (Eli Lilly Co., Indianapolis, Ind., USA), were mated overnight 
with normal males and checked on the following morning for a vagi- 
nal plug (day I of pregnancy). A goup of diabetic rats was placed on 
insulin therapy immediately after pregnancy had been established. 

Table 1. Plasma glucose concentration, plasma insulin concentra- 
tion and total cell number of blastocysts in control, diabetic and in- 
sulin-treated diabetic rats 

Control Diabetic Insulin-treated 
rats rats diabetic rats 

Number of rats 15 1 t 10 
Glucose (mmol/1) 5.5 _+ 1.0 23.6 + 5.3" 6.4 -+ 2.3 
Insulin (nmol/1) 0.5 + 0.2 0.2 + 0.1 2.7 _+ 1.9 ~ 

Number of blastocysts 30 51 52 
Total cell number 35.1 _+ 10.8 28.4 _+_+ 6.& 33.7 +_ 7.5 

Plasma concentration values and cell number values are shown as 
mean + SD. 
p < 0.01 by analysis of variance 
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Ng. 1. Number of embryos recovered per rat on day 5 of pregnancy 
from control, diabetic and insulin-treated diabetic rats. Numbers of 
rats were as in Table 1. Values are shown as mean _+ SD. * p < 0.01 vs 
control value 
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Fig.2. Number of ceils in the inner cell mass (empty columns) and 
trophectoderm (filled columns) of blastocysts recovered from con- 
trol, untreated diabetic and insulin-treated diabetic rats. Numbers of 
blastocysts were as in Table 1. Values are shown as mean_+ SD. 
* p < 0.01 vs control value 

Subcutaneous injections of insulin (Novo Lente; Novo Nordisk, 
Bagsv~erd, Denmark) were given at a dose of 2 IU on the morning of 
day 1, 3 IU on the evening of day 1 and then 4 to 6 IU on the evening 
of days 2, 3 and 4, to achieve a level of glycosuria below 0.5 %. Con- 
trol and untreated diabetic females received injections of 0.9% 
NaCI. The animals were allowed free access to food and water until 
the time of killing. 

Embryo collection 

On the morning of day 5, approximately 16 h after the last insulin 
injection, the uterine horns of killed females were flushed with pre- 
warmed Ham-F10 medium (041-01550; Gibco BRL, Gaithersburg, 
Md., USA) as detailed elsewhere [4]. The embryos were immedi- 
ately observed by inverted phase-contrast microscopy and classi- 
fied as morulae or blastocysts as previously- described [4]. The blas- 
tocysts were further investigated by means of a differential staining 
technique that allows for the separate counting of ICM and TE cells 
in individual embryos [9]. Cells containing scattered nuclear frag- 
ments were considered as dead cells [5]. Determination of plasma 
glucose and insulin concentrations was performed on day 5 only in 
order to avoid unnecessary stress to the animals. Blood samples 
were collected immediately after embryo retrieval. The glucose 
level was measured with a Glucoscot photometer (6%4310; Daiichi 
Kagaku, Kyoto, Japan) and the insulin concentration was assayed 
by means of an insulin RIA that gave similar results irrespective of 
whether the rat standard preferred in the present work or a human 
standard was used (J.C.Henquin, Diabetes Unit, University of 
Louvain, Belgium). Lower sensitivity limit of the RIA was 
20 pmol/1 in plasma. 
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Statistical analysis 

Statistical significance of the differences found between control, 
diabetic and insulin-treated diabetic data was evaluated by one-way 
analysis of variance. 

Results 

Administrat ion of insulin to the diabetic rats resulted in a 
rapid decrease or disappearance of glycosuria over  the first 
5 days of pregnancy (data not shown), and in the complete 
correction of glycaemia on day 5. At  that time, no apparent  
difference was found between control and insulin-treated 
diabetic rats with respect to the plasma glucose concentra- 
tion (Table 1). Glucose levels in untreated diabetic females 
were significantly higher (p < 0.01) than that in the two 
other groups. Compared  to control rats, the insufin therapy 
induced a significant increase (p < 0.01) in the plasma in- 
sulin concentration of t reated females (Table 1). 

Insulin therapy to diabetic rats did not restore the nor- 
mal  rate of embryo recovery on day 5. The  mean number  of 
embryos per  female was reduced by 20 %,  and thus signifi- 
cantly lower (p < 0.01), in both  diabetic and insulin-treated 
diabetic rats when compared  to control animals (Fig. 1). 
The  percentage of embryos that  had reached the blastocyst 
stage on day 5 was 90% in the control group and 80% in 
both diabetic and insulin-treated diabetic groups. 

When assessed for the total number  of cells, a significant 
difference was found between blastocysts f rom normal  and 
diabetic females (p <0.01) (Table 1). Blastocysts f rom 
diabetic rats were found to contain about  19 % fewer cells 
than those f rom control animals. Insulin t reatment  resulted 
in the complete correction of this developmental  pa ram-  
eter and the total cell number  in blastocysts f rom insulin- 
treated diabetic rats was the same as that f rom control rats. 

Differential cell counting revealed that the negative 
impact of maternal  diabetes was more  pronounced on the 
proliferation of ICM cells than T E  cells (Fig. 2), Blasto- 
cysts recovered f rom diabetic females had about  23 % 
fewer ICM cells and 16 % fewer TE  cells than btastocysts 
f rom control rats (p < 0.01). Differential scoring of ICM 
and T E  cells of blastocysts from insulin-treated diabetic 
rats showed that  normal  ICM and TE cell numbers were 
restored by insulin treatment.  Nei ther  the total cell num- 
ber  nor the numbers  of ICM and TE cells in blastocysts 
were found to correlate with the level of glucose or insulin 
in the plasma of diabetic or insulin-treated diabetic rats. 

Dead  cells were found significantly more  frequently in 
the ICM of blastocysts f rom diabetic rats (6 of 490 cells) 
than f rom control (0 of 366 cells) and insulin-treated 
diabetic rats (0 of  619 cells) (p < 0.05). 

Discussion 

Daily insulin t rea tment  started on day 1 of  pregnancy has 
previously been  shown to fully normalize the glycaemia of 
diabetic rats throughout  gestation [10]. Under  these con- 
ditions, our  data demonstra ted  that insulin replacement  
therapy was successful in restoring normal  cell prolifera- 
tion both in the ICM and in the TE  of blastocysts exposed 
to maternal  diabetes. The occurrence of cell death in the 
ICM of these embryos  was also normalized bY insulin 
treatment.  Starting the administration of insulin after 
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pregnancy was confirmed, however, failed to compensate  
for per turbat ions which might have been diabetes-in- 
duced at the t ime of ovulation and fertilization. Previous 
studies have shown that  diabetic rats ovulated fewer 
oocytes than control females [11] and this could explain 
why both untreated [5] and insulin-treated diabetic rats 
had fewer embryos than controls animals on day 5. 

Since diabetes-induced per turbat ions of early preg- 
nancy are most  probably  due to a combinat ion of different 
factors [12] it is difficult to determine whether  the normal-  
ization of blastocyst development  was due to the direct ac- 
tion of insulin supplemented to the diabetic females or at- 
tributable to the correction of materna l  metabolism. Since 
plasma insulin was increased in insulin-treated diabetic 
rats when compared  to control values, it is possible that pre - 
implantat ion embryos  recovered f rom these females were 
exposed to high 1 evels of  insulin in their  oviductal or  uterine 
environment.  Several lines of  evidence have pointed to a 
direct role of insulin in the regulation of pre- implantat ion 
embryo development .  Insulin has been  found to increase 
the metabol ism [13], the cell proliferation [14] and the im- 
plantat ion rate [1.5] of mouse blastocysts. Stimulation of 
cell proliferation in these embryos was entirely due to anin- 
crease in their  ICM cell number  [16]. In rat  blastocysts, in- 
sulin was found to ei ther stimulate or inhibit cell prolifera- 
tion depending on the concentrations of  insulin and 
glucose in the culture med ium [6]. The  positive/negative ef- 
fects of insulin were mainly observed on the I C M  of these 
blastocysts, confirming the ICM cells as the pr imary target  
of insulin action on embryos prior to implantation. 

Previous observations have also demonst ra ted  the spe- 
cific sensitivity of the I C M  cells to maternal  diabetes [5]. 
Since I C M  cells give rise to all the germ layers of  the de- 
veloping fetus, it has been  suggested that a high frequency 
of cell death in the ICM of blastocysts might contribute to 
the increased rate of resorptions and malformations ob- 
served during diabetic pregnancy. The  present  data sup- 
por t  the hypothesis that  insulin therapy, which decreases 
the frequency of post- implantat ion anomalies [17] is par-  
tially media ted  by the normalizat ion of ICIVI and T E  cell 
proliferation in blastocysts. Whether  this restoration is 
due to the inhibition of diabetes-induced cell death or to 
the stimulation of cell division by insulin is still unclear. 
This hormone  might also act through other mechanisms 
which regulate blastocyst growth since enzymatic systems 
such as N a ÷ - K  + ATPase,  which are instrumental  to blas- 
tocyst cavitation and expansion [18, 19], have been  shown 
to be  dependent  on insulin [20]. 

In conclusion, the present  data  have shown that  the al- 
terat ion of blastocyst development  observed in diabetic 
rats is a reversible situation correctable by insulin replace- 
ment  therapy. 
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