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ABSTRACT. Hyperinsulinemic rat fetuses were obtained
either by repeated in utero injections of long-acting insulin
(resulting in fetal hypoglycemia) or by chronically infusing
intravenous glucose to the mother (resulting in fetal hyper-
glycemia). Fetuses were examined at term. In insulin-
injected fetuses (n = 15), surfactant (S) fraction phospha-
tidylcholine (PC) and disaturated phosphatidylcholine
(DSPC) were significantly decreased (3.6 = 0.1 nmol Pi/
mg tissue; p < 0.001 and 2.8 * 0.1 nmol/mg; p < 0.025,
respectively) as compared with their saline-injected con-
trols (4.8 % 0.2 and 3.3 * 0.1 nmol/mg, respectively, n-=
19). However, residual (R) fraction was unchanged, and
there was no difference in whole-lung phospholipids (com-
bined S and R fractions). These results are consistent with
morphological data showing a lower lamellar body area
per type II cell profile in insulin-injected fetuses as com-
pared with their controls [1.41 * 0.13 um?* (n = 72) versus
1.99 £ 0.14 pm® (n = 129) p < 0.01]. Glycogen content
was slightly higher in insulin-injected fetuses (18.5 * 1.0
ug/mg, n = 17) than in their controls (15.1 0.8 xg/mg, n
=18; p < 0.05). In the second model, changes in S fraction
PC and DSPC were similar to those observed after insulin-
injections: 4.3 % (.25 and 3.4 % (.2 nmol Pi/mg in fetuses
of glucose-infused rats (n = 10) versus 5.7 * 0.45 and 4.3
% 0.3 nmol Pi/mg, respectively, in controls (n = 10, p <
0.05). In addition, PG was also decreased (0.24 * 0.03
versus 0.40 = 0.04 nmol Pi/mg, n = 10; p < 0.01), and in
contrast with insulin injections, reductions of DSPC and
PG were detectable in whole lung. However, glycogen
content was unchanged by glucose infusion (13.7 % 1.0 pg/
mg, n = 15 versus 14.0 £ 1.1 pg/mg, n = 20 in controls).
In both models, the phospholipid composition of material
recovered by lung lavage was unchanged. (Pediatr Res 21:
436-441, 1987)
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The incidence of respiratory distress syndrome is increased in
infants of diabetic mothers (1). This appears to result from a
delayed maturation of the pulmonary surfactant system (2).

A prominent feature of the fetus of diabetic mother is the
association of hyperglycemia and reactional hyperinsulinemia
(3). In vitro, an excess of insulin has been repeatedly shown to
delay fetal lung maturation (reviewed in Ref. 2). In vivo, however,
the implication of hyperinsulinism in the mechanisms delaying
lung maturation remains up to now an unsolved question. The
maturational response of fetal lamb lungs to cortisol (4) was
inhibited by chronic hyperglycemia and secondary hyperinsuli-
nemia. Inducing hyperinsulinemia by litter-size reduction de-
creased amniotic fluid surfactant in fetal rabbits (5). By contrast,
inducing primary hyperinsulinemia in fetal rabbit or monkey in
utero (6-8) failed to delay lung maturation. Furthermore, delayed
lung maturation was observed in §-cytotoxic agent-induced ani-
mal models of diabetic pregnancy in which fetuses were devoid
of reactional hyperinsulinism (9-13). Both the latter approaches
suggest that the delay in lung maturation could be a direct
consequence of chronic hyperglycemia, not involving hyperin-
sulinemia.

In the present study, the problem was reinvestigated with aid
of two experimental approaches: 1) sustained hyperinsulinemia
achieved by repeated insulin injections in utero and 2) chronic
intravenous infusion of glucose to the mother (14), resulting in
fetal hyperglycemia and secondary hyperinsulinemia. Fetal lung
maturity near term was estimated by analyzing phospholipid
composition of a subcellular surfactant fraction isolated from
tissue and of fluid collected by bronchoalveolar lavage. Quanti-
tative examination of type II pneumocytes by transmission elec-
tron microscopy was performed in insulin-injected fetuses and
their controls.

MATERIALS AND METHODS

Animal models and collection of samples. Wistar rats weighing
approximately 250 g were used. Gestation was dated from the
time of fecondation presumably occurring at 0100 h the night of
mating. The day following mating was designated day 0 of
gestation. Term is 22 days. The mean litter size was about 10.

Long-acting insulin (Novo-Industry, Copenhagen, Denmark)
was given subcutaneously to the fetuses through the uterine wall
and fetal membranes, under maternal ether-anesthesia. Fetuses
received 0.1 U of insulin (2.5 ul) on day 18.5, then 0.2 U (5 ul)
on days 19.5 and 20.5 of gestation, at 1000 h. Control fetuses
received the same volume of saline. Insulin and saline were
injected in separate litters. Three fetuses were injected in each
uterine horn, randomization being obtained by injecting one
fetus in the upper part, one fetus in the median part, and one
fetus in the lower part of the horn. Collection of fetal samples
was done at 21.5 days gestational age. A few litters were studied
morphologically on day 20.5 after two injections.
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Glucose (30% glucose sterile solution, Chaix and Dumarais,
Paris, France, 1.8 ml/h) was infused in unrestrained pregnant
rats from gestational day 15 to term, through a catheter chroni-
cally inserted in jugular vein (14). Control rats received an
equivalent amount of distilled water. Distilled water was used to
avoid sodium overload; due to the low flow rate in the superior
vena cava, hemolysis was not observed (14). Maternal glycemia
was measured daily on blood samples taken at the cut tip of the
tail, using a semiquantitative method (Haemoglukotest, Boehrin-
ger, Mannheim, FRG). Collection of fetuses was done on day
21.5.

The fetuses were collected under maternal ketamine chlorhy-
drate anesthesia. Fetuses were taken successively. Blood sampling
was performed after incision of axillary vessels with the placenta
kept in situ. Then the fetal lungs were removed and in some
instances a small portion of median lobe of right lung was fixed
for electron microscopy and the rest was immediately frozen in
liquid nitrogen. Lungs were stored at —25° C until biochemical
determinations.

Newborn lung lavages were performed as previously described
(15) on different litters. In brief, rats were killed by a blow to the
head and their fetuses were delivered by cesarean section. They
were allowed to breathe for 30 min at 26-28° C. After decerebra-
tion, a cannula was inserted in the trachea and the lungs lavaged
six times with saline to total lung capacity. As previously reported
(15), six lavages were optimal for recovery of material and
approximately 90% of instilled volume was recovered. Phospho-
lipid composition was determined on the pooled lavage fluids
from five to seven newborns of a same litter.

Preparation of surfactant fraction. Surfactant fraction was iso-
lated from frozen lungs by discontinuous sucrose gradient ultra-
centrifugations according to the method of Frosolono et al. (16)
as revised by Sanders and Longmore (17) and adapted to small
size samples (18). In brief, lung tissue was homogenized in
isotonic Tris-HCI-EDTA-saline buffer, pH 7.4 and layered on
buffer containing 0.75 mol/liter sucrose. The crude surfactant
fraction was recovered at the interphase after centrifugation for
1 h at 45,000 x g. After dilution in buffer, it was layered on a
discontinuous gradient of sucrose 0.25 and 0.68 mol/liter. Puri-
fied S fraction was recovered at the interphase of gradient after
centrifugation for 1 h at 64,000 X g. Combined upper and lower
phases of both centrifugations constituted the residual (nonsur-
factant) fraction. To avoid pitfalls due to possible variations in
recovery, a trace amount of previously prepared labeled surfac-
tant fraction was added to the tissue at the time of homogeniza-
tion. The labeled S fraction was made by injecting a 20.5 day
pregnant rat with 100 xCi of [*H]-methylcholinechloride (85 Ci/
nmol, CEA, Bures, France) via the saphenous vein. Twenty-four
h later, the rat was sacrificed and fetal lungs removed and pooled
for isolation of the surfactant fraction. Phospholipid composition
of the surfactant fraction and radioactivity incorporated into
phospholipids were determined as stated below. [“C]-DPPC
(CEA) was added in trace amount to determine recovery after
processing for phospholipid determination, and aliquot samples
of phospholipids were counted to determine *H and *C activities.
About 90 and 75% of radioactivity were found in PC and DSPC,
respectively. About 2500 dpm *H representing 25 nmol Pi (total
phospholipids) were added to each sample before S fraction
extraction to allow loss estimates both during extraction and
phospholipid determination. For residual fraction, recovery was
determined as described above by adding ['“C]-DPPC to the
sample before lipid extraction, according to previous work (19).
Phospholipid content of whole lung was calculated by summing
up S and R fractions.

Biochemical determinations. Blood glucose was determined by
G.0.D. Perid method of Boehringer. Plasma immunoreactive
insulin was determined by radioimmunoassay (20).

Glycogen content was determined as described by Chan and
Exton (21) on distilled water homogenates of lung tissue. Protein
concentrations was determined on the homogenates prepared for
glycogen assay according to Schacterle and Pollack (22).
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Phospholipids were extracted from S and R fractions or from
lavage fluid by mixing them with 4 X vol of chloroform:methanol
2:1 (v/v), according to the procedure of Folch ez al. (23) and
shaking vigorously for 10 min. Lipid extracts were recovered in
chloroform phase and fractionated into individual components
by thin layer chromatography on silica gel plates (Merck, Darms-
tadt, FRG). After elution from gel, phosphate assay was per-
formed on mineralized phospholipids as described previously
(19). Total phospholipids, total phosphatidylcholine, phosphati-
dylethanolamine, phosphatidylinositol, and phosphatidylglycerol
were thus determined. Disaturated phosphatidylcholine was ex-
tracted from an aliquot fraction of the PC spot by the OsOs
method of Mason et al. (24).

Neutral lipids were separated by thin-layer chromatography
using petroleum ether, diethyloxide, acetic acid (75:24:1, v/v) as
developing solvent, from a lipid extract prepared from whole
lung tissue homogenized in 20 X vol of chloroform:methanol
2:1 (v/v) (7). Glycerol content of di- and triglycerides was deter-
mined after saponification (25).

Electron microscopy. Lung tissue was fixed according to Hirsch
and Fedorko (26), dehydrated in aceton, infiltrated, and em-
bedded in Epon. Thin sections were stained with uranyl acetate
and lead citrate and examined with a Hitashi electron micro-
scope. Electron micrographs of type II pneumocytes were taken
at random. Only sagittal or slightly parasagittal sections, i.e.
sections passing through the basal and luminal sides of the cell
and the nucleus were used for morphometric analysis at the final
magnification of X7500 as described previously (15). According
to Weibel et al. (27), on the bases of mathematical analyses,
surface area of a given structure found in a section is proportional
to the volume of this structure in a tridimensional system. Thus,
the surface area of cell profiles and of the organelles they content
is representative of their volume. Cell surface and lamellar body
area were measured using a Kontron MOP 1 image analyzer.
The extent of glycogen patches was estimated by point counting.
Fetuses of at least three different litters were used for each group.

Statistical analysis. Means are accompanied with SEM
throughout the study. Statistical comparison of means was made
between experimental groups and their appropriate controls us-
ing the Student’s ¢ test for unpaired values.

RESULTS

Fetal blood glucose and insulin. In order to determine the
temporal changes induced in blood glucose and insulin concen-
trations by insulin injections, insulin was administered to 18.5-,
19.5- or 20.5-day-old fetuses, in litters distinct from those used
for fetal lung studies. Glycemia and plasma IRI were determined
4, 8, 16, or 24 h after the injection. Different rats were used for
each time of the study. The results reported in Figure 1 show
that although the peak of plasma insulin was extremely high a
few hours after injection, insulin concentration had probably
returned to an almost normal level at the time of the next
injection. Therefore, although they may appear very high, the
dosages which were administered were necessary to obtain a
sustained hyperinsulinemic state in those fetuses which were
given insulin three times. Hyperinsulinemia went along with
marked and sustained hypoglycemia.

Blood glucose of rats chronically infused with glucose slightly
fluctuated around a median value of 11 mmol/liter. At term, the
fetuses were hyperglycemic (9.4 £ 0.3 mmol/liter, n = 19 versus
2.6 = 0.2 mmol/liter, » = 20 in controls, p < 0.001) and
hyperinsulinemic (plasma IRI = 567 + 42 mU/liter, n = 29
versus 262 + 19 mU/liter, n = 20 in controls, p < 0.001).

Fetal weight, lung weight, lung protein, and glycogen contents
(Table 1). Fetal weight and lung weight were slightly larger in
insulin-injected fetuses than in their saline-injected controls,
which is in agreement with the results of a similar previous study
(28). Fetuses from glucose-infused rats were slightly lighter than
their controls but lung weight was not significantly different.
Lung water content was not changed by the treatments; it was
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87.0 £ 0.4% in insulin-injected fetuses and 87.3 = 0.3% in
fetuses of glucose-infused rats versus 88.0 + 0.4% and 87.7 +
0.4% 1n their respective controls (n = 5 in each group).

Lung proteins were unchanged by insulin injection or glucose
infusion. Glycogen content was about 20% higher in insulin-
injected fetuses as compared with their controls. No significant
difference was observed for glycogen content between fetuses of
glucose-infused rats and their controls.

Lipid analyses of lung tissue. Surfactant fraction in saline-
injected fetuses or in fetuses of water-infused rats was similar to
that reported in undisturbed normal rat fetuses of the same age
(29), although it appeared slightly increased. It is possible that
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Fig. 1. Blood glucose and plasma immunoreactive insulin (/R/) fol-
lowing insulin injection (arrows) in utero on day 18.5 (0.1 U) or days
19.5 or 20.5 (0.2 U). Two litters were used for each time of the study.
Fetal blood was collected 4, 8, 16, or 24 h after the injection. Hyperin-
sulinemic state was sustained for long periods and went along with
marked hypoglycemia. Closed circles, insulin-injected fetuses; open cir-
cles, normal evolution in controls.
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stress induced by the procedures somewhat stimulated fetal lung
maturation.

Total phospholipids, PC, DSPC, and PE of S fraction were
significantly lower in insulin-injected fetuses as compared with
their controls. No significant change was observed for phospho-
lipids of R fraction. When combining S and R fractions for
obtaining phospholipid composition of whole lung, no significant
change was observed for any phospholipid. Neither diglyceride
nor triglyceride content were modified by insulin injection (Table
2).

Total phospholipids, PC, DSPC, and PG were reduced in S
fraction of fetuses from glucose-infused rats as compared with
their controls. The reduction was about 20% for PC and DSPC
and as much as 40% for PG. In R fraction, PC and PE were
slightly increased and PG decreased. When combining S and R
fractions, only DSPC and PG remained significantly decreased;
PE was increased but the difference was small. Neither diglycer-
ide nor triglyceride content were modified by glucose infusion
(Table 3).

Lung lavage study (Table 4). Phospholipid composition of
material recoverable by the standardized lung lavage procedure
was not modified in insulin-injected newborns or in newborns
from glucose-infused rats as compared with their appropriate
controls.

Morphometry of type II pneumocytes. This study was per-
formed in fetuses injected with insulin and in their saline-injected
controls on gestational days 20.5 (two insulin injections) and
21.5 (three insulin injections). The mean surface area of type II
cell sections was equal in the two series at both stages (Fig. 2).
The average number of lamellar bodies per cell was unchanged,
but the mean total lamellar body area per cell profile was
significantly reduced at both stages in insulin-injected fetuses as
compared with controls (Fig. 2). As far as this parameter is
representative of total lamellar body volume per cell, it indicates
a reduction of surfactant content per pneumocyte.

The area occupied by glycogen patches was the same in insulin-
treated fetuses and controls on day 20.5 (respectively 11.7 = 0.6
pum?/cell, n = 143 and 11.7 = 0.5 um?/cell, n = 142), but was
higher in insulin-injected fetuses (7.8 + 0.8 um?/cell, n = 72)
than in controls (5.9 + 0.6 um?/cell, n = 129, p < 0.05) on day
21.5. Thus, glycogenolysis in type II cells appeared slowed down
by insulin injections, which is consistent with the increased
content of whole organ observed on day 21.5 (Table 1).

DISCUSSION

The present study shows that high levels of insulinemia in the
rat fetus went along with reduced biosynthesis of lung surfactant
in vivo. The effect, however, was small enough to be detectable

Table 1. Fetal body wt, lung wt, lung protein, and glycogen content in the different experimental groups on day 21.5 of gestation™®

Fetal body Fetal lung

wt wet wt Fetal lung proteins Fetal lung glycogen

(8 (mg) (ug/mg w/v) (ug/mg w/v)
NaCl-injected controls 4.30 = 0.04 112+ 4 102+ 3 15.1 0.8

(75) 34) (18) (18)
Insulin injections 4.60 £+ 0.06F 129 + 5% 110+ 4 18.5 £ 1.0%

(70) (31 (17 (17)
Water-infused  con- 4.70 £ 0.05 121 =6 112+ 5 140+ 1.1
trols (70) 25) (20) (20)
Glucose infusion 4.40 = 0.05§ 1145 100 = 4 13.7+ 1.0

(51) (21) (15) (15)

* Mean = SEM of the number of individuals indicated in parentheses. The data represent the mean of eight to 10 litters for body and lung weight
determinations and of five litters for lung protein and glycogen measurements. For these latter data three to four fetuses were used from each litter.

t Significant difference from saline-injected controls for p < 0.001.
i Significant difference from saline-injected controls for p < 0.05.

§ Significant difference from fetuses from water-infused control rats for p < 0.01.
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Table 2. Phospholipid composition of S fraction, R fraction, and whole lung (S + R fractions) in insulin-injected fetuses and their
saline-injected controls (nmol Pi/mg wet tissue)*

Total phospholipids PC DSPC PE PI PG Triglycerides  Diglycerides

S fraction

Controls 6.8 +0.2 48 +0.2 33x0.1 044002 0.19+0.02 0.35%0.02

Insulin 5.8 £0.3f 3.6 +0.1f 28=+0.1§ 027+0.02f 0.15x0.01 032x0.02
R fraction

Controls 10.0 £ 0.7 47+025 22+02 225+020 0.31+£0.07 0.29+0.08

Insulin 11.1+0.7 52+03 24+02 220015 0.32+x0.03 022%0.02
Total (S + R)

Controls 16.8 +04 9.5+0.2 55+03 27+02 0.50+£0.04 0.64 +0.05 3.3+£0.05 0.92 £ 0.07

Insulin 169 +£0.7 8.8 +£0.4 5203 26+02 047 £0.04 0.54 £0.01 28+03 0.96 +0.14

* Triglyceride and diglyceride content of whole lung (ug/mg wet tissue). Mean + SEM; n = 15 for controls and 12 for insulin injected fetuses (five
litters of controls and four litters of insulin-injected fetuses, three fetuses per litter).

t Significant difference from controls for p < 0.05.
1 Significant difference from controls for p < 0.001.
§ Significant difference from controls for p < 0.025.

Table 3. Phospholipid composition of S fraction, R fraction, and whole lung (S + R fractions) in fetuses of glucose-infused or control
water-infused rats (nmol Pi/mg tissue)*

Total phospholipids PC DSPC PE PI PG Triglycerides Diglycerides

S fraction

Controls 8.65 £ 0.50 5704 43+03 0.60+0.04 023+0.04 0.40=0.04

Glucose infused 7.20 £ 0.45% 430 £0.25f 34+02t 0.50+0.03 023+0.02 0.24 +0.03%
R fraction

Controls 8.75 + 0.40 38+0.2 235+020 1601 0.11+001 0.17+0.01

Glucose infused 92+03 4.7 +0.3% 22402 22%0.1F 0.19+0.04 0.11 £0.01%
Total (S + R)

Controls 174+ 0.9 9.5+ 0.6 6.65+040 22x0.1 034+0.03 0.57+0.06 1.7+0.2 0.54 £0.12

Glucese infused 16.4 £ 0.5 9.0x03 5.6+03f 27+02f 042+0.04 0.35+0.04% 23+03 0.36 + 0.09

* Triglyceride content of whole lung (ug/mg wet tissue); mean + SEM, n = 10 for both groups; (four different litters).

t Significant difference from controls for p < 0.05.
1 Significant difference from controls for p < 0.01.

Table 4. Phospholipid composition of material recovered by lung lavage in cesarean newborns (percentage of total phospholipids)*

PC DSPC PE PI PG
Saline-injected controls (5) 78.1 £ 1.7 508 £ 1.2 0.8+0.2 27+0.6 7.8 £0.6
Insulin-injected newborns (6) 76.1 £2.3 50.9 £0.7 0.8+0.3 2.8+02 59+0.2
Water-infused controls (7) 76.4 = 1.8 56.1 £2.2 0.8 +0.1 1.4 +£0.1 47+£0.3
Glucose infusion (8) 73.8 £ 1.5 523+1.3 09+0.2 22+£0.5 55+0.3

* Mean + SEM of the number of determinations (litters) indicated in parentheses; no differences were significant.

only at the level of very specific parameters, i.e. the amount of
isolated surfactant fraction and the lamellar body content of type
II pneumocytes, but not at the level of whole lung phospholipid
composition. This could explain why previous in vivo studies (6,
8) involving only whole tissue analysis failed to demonstrate any
delaying effect of chronic “pure” hyperinsulinemia.

Comparing the effects of repeated insulin injections with those
of glucose infusion, it appears that changes in PC and DSPC
were quite similar, although a little more marked in fetuses from
glucose-infused rats, since the reduction of DSPC was detectable
at the level of whole lung in this latter model only. These changes
would therefore appear as proper effects of excessive insulin,
since they occurred in the presence of either hypoglycemia or
hyperglycemia. The more marked changes seen after glucose
infusion could be due to some synergistic effect of elevated
glucose, and/or to the fact that repeated injections to the fetus
and sustained hypoglycemia were sources of stress which could

have counteracted insulin action in the first model. Indeed,
hormones secreted under stress, such as corticosteroids or cate-
cholamines, are well known for accelerating lung maturation
(30). Therefore insulin effects could have been underestimated

‘in insulin-injected fetuses.

A delaying effect of insulin on the increase of fetal lung PC in
vivo is consistent with the repeatedly evidenced effects of insulin
in in vitro systems (reviewed in Ref. 2). Regarding the possible
underlying mechanism, recent data gained from in vitro approach
suggest that insulin could act at the level of lung fibroblasts by
inhibiting production of the fibroblast pneumonocyte factor,
which in turn leads to understimulated surfactant production by
epithelial type II cells (31). Some impairment in glycogen utili-
zation could also play a role (15, 19).

Contrary to changes in PC, decreased PG and increased PI
concentrations were seen after glucose infusion, but not after
insulin injections. These changes can therefore be ascribed to
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Fig. 2. Morphometric study of type II pneumocytes observed by
electron microscopy. Top, surface area of cell profiles; bottom, total
lamellar body area per cell profile; open bars, saline-injected controls;
hatched bars, insulin-injected fetuses. Mean = SEM on the number of
cell profiles which were examined as indicated in bars. *** Significant
difference for p < 0.001; ** significant difference for p < 0.01.

hyperglycemia rather than hyperinsulinemia, in keeping with
previous investigations (32, 33) demonstrating that these altera-
tions in PG-PI metabolism resulted from elevated blood myo-
inositol as a consequence of hyperglycemia. One can wonder
about the physiological significance of these changes since phos-
phatidylglycerol-deficient surfactant has been shown to present
normal surface tension properties, and PG-deficient adult rabbit
have normal lung function (34). We previously found, however,
that alveolar opening pressure was increased and blood oxygen-
ation was decreased in PG-deficient newborn rats (33). Therefore,
despite the data from adult animals, PG deficiency probably has
a physiological meaning in the newborn, and the defect in PG
resulting from maternal diabetes may have adverse consequences
at birth.

It may appear surprising that changes seen in S fraction isolated
from lung tissue were not reflected in composition of lung-lavage
fluid. However, taking into account the fact that surfactant was
reduced as a whole, since the major components and total
phospholipids were decreased in similar proportions, it appears
that changes in intraalveolar material, if present, were necessarily
small and not detectable.

It should be emphasized that maternal glucose infusion which
reproduced blood glucose and insulin levels similar to those
observed in mild diabetes induced in rats by streptozotocin (15,
35), did not induce such marked effects on fetal lung maturation.
In streptozotocin-induced diabetes, decreased amounts of PC,
DSPC, and neutral lipids in whole lung, modified composition
of lung lavage fluid, and impaired lung glycogenolysis were
observed (15, 36). This suggests that abnormalities other than
increases in blood glucose and insulin could be implicated in the
delay of lung maturation associated with the diabetic pregnancy.
A decrease of blood free corticosteroids (37) or of prostaglandin
biosynthesis (38) could be involved. Placental alterations present
in streptozotocin-induced diabetes (39), but not in chronic glu-
cose infusion (14), might also have consequences on fetal nutri-
tion and hormonal status which could account for differences
between these models.

In conclusion, the present study provides insight into the role
of fetal hyperinsulinemia in delaying lung maturation. It also

PIGNOL ET AL.

indicates that hyperglycemia has proper effects in this process,
which does not exclude a possible synergistic action with insulin.
However, the results are in disagreement with the assumption
(8, 40) that hyperglycemia rather than hyperinsulinemia is di-
rectly responsible for the deficiency of surfactant observed in
infants of diabetic mothers. The likely involvement of other
alterations in fetal “milieu intérieur” suggests that the lung
maturational delay results from a complex combination of
events, not explainable by one single precipitating factor.
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