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ABSTRACT. The purposes of this study were to adapt 
and evaluate further a pulmonary surfactant isolation 
method applicable to unperfused fetal rat lung, to quanti
tate key phospholipids phosphatidylcholine (disaturated 
phosphatidylcholine, and phosphatidylglycerol) of the iso
lated material during the last 3 days of gestation, and to 
determine if abnormalities in surfactant phospholipids 
were present in fetuses of diabetic pregnancies. A simpli
fied scheme of sucrose gradient centrifugation proved use
ful for small scale preparations of material enriched in the 
phospholipids most characteristic of pulmonary surfactant. 
It was shown that fetal blood phospholipids did not con
taminate the surfactant fraction and therefore would not 
produce artifacts in assessment of lung maturational 
changes. Analyses of subcellular fractions isolated at 19.5, 
20.5, and 21.5 days revealed that the percentages of di
saturated phosphatidylcholine relative to total phospho
lipids were 23-44% in the surfactant preparations and 14-
21 % in the residual (nonsurfactant) fractions, while the 
disaturated phosphatidylcholine/phosphatidylcholine ra
tios were 0.62 ± 0.06 and 0.41 ± 0.03, respectively. Sum
mation of the amounts of individual phospholipids in the 
two fractions yielded data that were nearly identical to the 
concentrations of these compounds in whole fetal lung 
samples analyzed independently, implying that losses dur
ing the surfactant isolation technique were negligible. The 
concentrations of phosphatidylcholine, disaturated phos
phatidylcholine, phosphatidylglycerol, and total phospho
lipids increase markedly (more than IO-fold) and progres
sively in surfactant fractions prepared from normal fetal 
rat lung at 19.5, 20.5, and 21.5 days of gestation. In 
contrast, the residual fractions showed no changes from 
19.5 to 20.5 days and then relatively modest increases from 
20.5 to 21.5 days, except for phosphatidylglycerol, which 
increased markedly. The appearance of phosphatidylgly
cerol was first noted in the surfactant fraction at 20.5 days, 
but the level of this phospholipid did not show a marked 
increase until 21.5 days. These data are in agreement with 
previous morphologic and physiologic observations on fetal 
rat lung during late gestation and are also in keeping with 
clinical results from amniotic fluid analyses. Assessment 
of diabetic pregnancies revealed that at 20.5 days all 
phospholipids measured were significantly decreased in 
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the surfactant fraction, but not in the residual material. 
Neither surfactant nor residual phospholipids were de
creased in diabetic pregnancies at 19.5 or 21.5 days of 
gestation. The transient nature of abnormal fetal lung 
surfactant phospholipids in diabetic pregnancies suggests 
impaired timing of the pulmonary maturation processes. 
(Pediatr Res 20: 650-654, 1986) 

Abbreviations 

RDS, respiratory distress syndrome 
PC, phosphatidylcholine 
DSPC, disaturated phosphatidylcholine 
PG, phosphatidylglycerol 
ip, intraperitoneal 
GTT, glucose tolerance test 
S, surfactant 
R, residual 

Neonatal RDS occurs with an increased incidence in infants 
born prematurely to diabetic mothers whose hyperglycemia is 
not controlled during late gestation (1). Because RDS is associ
ated with a deficiency of pulmonary surfactant phospholipids 
(2), it has long been suspected that fetal lung phospholipids 
characteristic of surfactant, such as PC and PG, are altered in 
diabetic pregnancies. Indirect evidence supporting this hypothe
sis has been obtained by analysis of human amniotic fluid and 
by some investigations of animal models of diabetes, as has been 
extensively reviewed by Bourbon and Farrell (3). Although al
tered lung phospholipid concentrations have been observed by 
many investigators, there are a number of discrepancies in results 
and uncertainties about whether PC and PG are abnormal in 
surfactant per se (3). Possible explanations for the discrepancies 
include variations in the animal species studied, the timing of 
gestation, the severity of maternal diabetes, and the biochemical 
approach used to quantitate fetal lung phospholipids. In the rat 
and rabbit, nevertheless, many observations converge to the 
conclusion that maternal diabetes delays morphologic (4-6) and 
biochemical (6-8) maturation of the fetal lung, making these 
species useful animal models when they are given pancreatic (3-
cell toxic agents, e.g. alloxan and STZ. 

Except for recent studies of lung lavage fluid in fetuses near 
term gestation ( 6), most of the previous evaluations of fetal 
pulmonary phospholipids in diabetic rat and rabbit pregnancies 
have involved lipid extraction of whole lung tissue (3). Because 
of the lung's cellular heterogeneity and the low proportion of 
surfactant phospholipids relative to whole lung, much of the 
previous research on this problem has been somewhat lacking in 
sensitivity and specificity. Yet, methods for obtaining both intra-
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cellular and extracellular (i.e. alveolar) surfactant from saline
perfused adult lung tissue were developed 16 yr ago by Frosolono 
et al. (9) and have proven more sensitive than whole lung analyses 
( 10, 11 ). As pointed out by Frosolono ( 12), these techniques, 
which depend on density gradient centrifugation, are difficult to 
apply to small tissue samples. An additional problem encoun
tered with perinatal lung is the difficulty of removing blood by 
perfusion because of the small fetal size and the high pulmonary 
vascular resistances and variable flows depending on the stage of 
development ( 13). Using Frosolono's method (9, 12) as modified 
by Sanders and Longmore (14), Engle et al. (15) succeeded in 
isolating from cultured fetal lung cells a subcellular fraction of 
phospholipids enriched in DSPC, the lipid most characteristic of 
pulmonary surfactant. 

The objectives of this project were to adapt, simplify, and 
evaluate a modified surfactant isolation technique for application 
to fetal rat lung and to determine the phospholipid composition 
of pulmonary surfactant prepared from fetuses of normal and 
diabetic pregnancies that were carefully defined with respect to 
gestational age and glucose tolerance. Our goal was to determine 
to what extent the surfactant and nonsurfactant fractions were 
altered by the changes previously reported to occur during late 
gestation in total PL, PC, DSPC, and PG. 

MATERIALS AND METHODS 

Animals. Wistar rats (Centre d'Elevage R, Janvier, France) 
weighing approximately 200 g were used. They were given food 
and tap water ad libitum and maintained on a 14/10 h light/ 
dark cycle at 24° C. Female rats were caged overnight with a 
male and mating was confirmed by examination of vaginal 
smears immediately after separation from the male. Ovulation, 
which occurs at 1 AM on the average, was considered as the 
beginning of gestation; the following morning was denoted as 
0.5 day of gestation. Term gestation is about 22 days under these 
conditions and varies throughout the year by no more than 
12 h. 

Diabetes was induced in mated rats on day 0.5 of gestation by 
a single injection of 4% STZ (mixed D-L anomers, Sigma Co., 
St. Louis, MO) in 0.4 mol-liter- 1 citrate buffer (pH 4.2); 28 to 
45 mg/kg body weight were administered in an attempt to obtain 
diabetes of graded severity. Sham-injected animals received an 
equivalent amount of buffer solution alone and their fetuses were 
used as controls. Characterization of the severity of diabetes was 
determined as previously described (6), including a standardized 
ip GTT. The results from these tests allowed the rats to be 
assigned to one of three diabetic subgroups: 1) subdiabetic, with 
normal or slightly increased post absorptive blood glucose (4.5 
to 5.5. mmol-liter- 1

) , without glucosuria, but with abnormal ip 
GIT; 2) mildly diabetic, with postabsorptive glucose ranging 
from 6 to 11.5 mmol-litec1, abnormal ip GTT and glucosuria; 
and 3) severely diabetic, with postabsorptive blood glucose over 
16.5 mmol-litec1, high glucosuria and markedly abnormal ip 
GTT (6). 

Fetal blood samples were taken to document glycemic condi
tion and to verify that fetuses were representative of the three 
groups described in detail previously (6). Blood was taken from 
the axillary vessels under maternal sodium pentobarbital anes
thesia between 9 and 10 AM either on day 19.5, or 20.5, or 21 .5 
of gestation, as previously described (6). After maximum bleeding 
of each fetus, fetal lungs were removed, frozen in liquid nitrogen, 
and stored at -25° C until biochemical determinations were 
performed. 

Surfactant isolation. Individual analyses of lung phospholipid 
composition were performed on fetuses at 21.5 days, but lungs 
from two to three fetuses were combined at either 19.5 or 20.5 
days in order to obtain a satisfactory yield of surfactant material. 
With the present shortened isolation method, the treatment of 
as little as 70 mg of tissue was possible at term gestation, when 
lungs are mature. The S and nonsurfactant (R) fractions of 

phospholipids were prepared by the method of Frosolono et al. 
(9) as modified by Sanders and Longmore (14) and then simpli
fied as described below after verifying that results were the same 
with small lung tissue samples with or without washing the crude 
("I band") as well as the purified ("IB band") S fractions. In 
preliminary experiments, the addition of blood was tested to 
evaluate the possible contamination of the S fraction with blood 
phospholipids. Specifically, 120 µl of fetal rat blood were added 
to one of two lung homogenates processed in parallel, each 
representing approximately 800 mg of lung. 

The lungs were weighed and gently homogenized in 0.154 
mol-liter-• NaCl, 10 mmol-liter-• Tris HCl buffer (pH 7.4) with 
1 mmol- liter-• EDT A. These and all procedures were performed 
at 4° C. After a 10-min centrifugation at 500 x g, the pellet was 
resuspended and homogenized twice. The two homogenates were 
pooled and then layered on a solution of0.75 mol-liteC 1 sucrose 
in the same buffer. After a 60 min centrifugation (48,000 x g.v), 
the interfacial material (crude surfactant layer) between the su
pernatant and 0.75 mol-liter-• sucrose was removed and layered 
over a discontinuous density gradient of 0.68 and 0.25 mol
liter-• sucrose. After a second centrifugation (60 min, 63,000 x 
g.v), the S fraction at the interface between the two sucrose 
concentrations was collected and stored at - 20° C until assayed. 
All material and sucrose solutions of the intermediary steps were 
gathered as the R fractions and stored at -80° C until being 
homogenized for the phospholipid assays. 

Biochemical analyses. Lipids were extracted overnight at 4° C 
from S or R fractions with chloroform-methanol using either the 
proportions recommended by Folch et al. (16) or the technique 
of Bligh and Dyer ( 17) which is especially useful for the larger 
volume R fraction. Approximately 20,000 dpm of 14C dipalmi
toyl-phosphatidylcholine (60 µCi µmot:- 1 purchased from Amer
sham, Paris, France) were added to each sample, allowing eval
uation of losses of phospholipids during the assays. The phos
pholipids of the extracts were separated by two-dimensional 
thin-layer chromatography on silica gel H plates as described 
elsewhere ( 18). The various phospholipids were identified by 
two-dimensional reference to pure standards (Sigma). Each phos
pholipid spot, revealed by iodine vapor, was scraped from the 
plate and eluted from gel by the Bligh and Dyer ( 17) method. 
DSPC was isolated by the method of Mason et al. ( 19) on aliquots 
of the PC samples. After mineralization of the samples, inorganic 
phosphorus measured by the assay method of Ames and Dubin 
(20) served to determine the phospholipid concentration, ex
pressed as nmol Pi per mg wet lung weight. 

RESULTS 

In our study of blood contamination, it was readily seen that 
the surfactant isolation procedure resulted in the hemoglobin 
being distributed in the residual fraction. The following phos
pholipid values (expressed as nmol/mg) were found in the sur
factant fractions of the control and blood contaminated samples, 
respectively: PC= 3.67 and 3.61; DSPC = 1.72 and 1.65; PG= 
0.274 and 0.226. In normal fetal lung, the amount of blood 
phospholipid contaminating the residual fraction would be neg
ligible. 

Phospholipid data obtained for the surfactant and residual 
fractions are presented in Tables 1 and 2, respectively, and 
revealed a distinct difference in the composition of the two 
isolates. The surfactant fractions, irrespective of gestational age 
of group, always contained a higher proportion of DSPC than 
the comparable residual fractions. The percentages of DSPC 
relative to total phospholipids of the surfactant fractions ranged 
from 23 to 44%, whereas the corresponding figures in the residual 
fractions were 14-21 % . The average DSPC/PC ratio of surfactant 
fractions was higher (p < 0.001) at 0.62 ± 0.06 (mean ± SD; 
range = 0.55-0. 73) than the ratio in parallel residual fractions 
(0.41 ± 0.03; range= 0.37-0.45). This degree of enrichment in 
DSPC was as expected from previous evaluations of the lipid 
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Table 1. Surfactant phospholipids (nmol/mg wet lung tissue) in fetal lung from normal and diabetic rat pregnancies (mean± SD) 

Total 
Gestation group phospholipids PC DSPC PG 

19.5days 
Normal (6)* 0.746 ± 0.130 0.307 ± 0.062 0.170 ± 0.032 0 
Diabetic ( 4) 0. 729 ± 0.036 0.241 ±0.115 0.176 ± 0.048 0 

20.5 days 
Normal (7) 2.42 ± 0.63t 1.42 ± 0.330t 0.842 ± 0.214t 0.026 ± 0.030 
Diabetic (9) 1.28 ± 0.15 0.918 ± 0.301 0.565 ± 0.201 0.004 ± 0.005 

(p < 0.02)t (p < 0.0I)t (p < 0.02)t (p < 0.05)t 
21.5 days 

Normal (10) 5.05 ± 0.38t 3.23 ± 0.35t 1.86 ± 0.20t 0.25 ± 0.06t 
Diabetic (32)§ 4.32 ± 0.61 2.92 ± 0.63 1.81 ± 0.27 0.23 ± 0.08 

(p < 0.05)t 

* No. of fetal lung samples analyzed. 
t Statistically significant differences (p < 0.001) between groups of different gestational ages in the same experimental categories (control or 

diabetic rats). 
t Statistical comparison between the normal and diabetic groups at the same gestational age. 
§ This group includes 11 subdiabetic, 11 mild diabetic, and 10 severe diabetic pregnancies. 

Table 2. Nonsurfactant (residual fraction) phospholipids (nmol/mg wet lung tissue) in fetal lungs from normal and diabetic 
pregnancies (mean± SD)* 

Total 
Gestation group phospholipids PC DSPC PG 

19.5days 
Normal (6) 12.9 ± 0.68 5.00 ± 0.33 1.86 ± 0.23 0.086 ± 0.076 
Diabetic ( 4) 12.7 ± 1.07 4.47 ± 0.71 1.96 ± 0.45 0.037 ± 0.028 

20.5 days 
Normal (7) 12.0 ± 1.60 4.95±1.15 2.10 ± 0.25 0.091 ± 0.068 
Diabetic (9) 12.7 ± 1.20 5.51 ± 0.94 2.05 ± 0.27 0.065 ± 0.059 

21.5 days 
Normal (6) 14.7 ± 2.59t 7.25 ± 2.03t 3.00 ± 0.32t 0.51 ± 0.06t 
Diabetic (I 8)§ 15.5 ± 3.01 7.30 ± 1.77 3.29 ± 1.20 0.43 ± 0.08 

* Statistical analyses were performed by unpaired Student's t tests. 
t p < 0.05, based on comparison of normal fetuses at 21.5 days with normals at 20.5 days. 
t p < 0.001, based on comparison of normal fetuses at 21.5 days with normals at 20.5 days. 
§ This group includes six fetuses from each of three diabetic subgroups (sub-, mild, and severe). 

composition of surfactant material isolated from adult rats and 
dogs (21 ). In addition, near term when PG levels increased 
appreciably, the surfactant fraction phospholipids averaged 4.9% 
PG whereas the residual fraction had 3.5 %. A further quantitative 
assessment of the isolation method was made by observing that 
the summations of phospholipids in the surfactant and residual 
fractions yielded data comparable to values obtained independ
ently by chloroform/methanol extraction of fetal rat whole lung 
samples. For instance, at term gestation, nearly identical DSPC 
and PC concentrations of 4.9 and 10.5 nmoljmg lung were 
obtained by the summation of S and R fractions, compared to 
5.1 and 10.3 nmol/mg lung by direct analysis of whole lung (6). 

The surfactant fractions (Table 1) showed progressive and 
highly significant (all p < 0.001) increases in total phospholipids, 
PC, DSPC, and PG from 19.5 to 20.5 days of gestation and from 
20.5 to 21.5 days. The most striking quantitative differences were 
in PC and DSPC which increased more than 10-fold in the 48 h 
after the 19 .5-day baseline period, when we could first isolate a 
recognizable surfactant band between the sucrose layers. In con
trast, the residual fractions showed no differences at 20.5 days 
compared to 19.5 days and, except for PG, relatively modest 
increases in phospholipid concentrations during the final day of 
gestation. Alterations in PC and DSPC levels in whole fetal lung, 
therefore, are attributable solely to the surfactant fraction in
creases between 19.5 and 20.5 days and also largely to changes 
in this fraction at term gestation. At 20.5 days, the appearance 
of PG was noted in the surfactant fractions from six of the seven 
normal lung samples (compared to four of nine diabetic preg-

nancies). The concentration of PG, however, showed the most 
impressive increase between 20.5 and 21.5 days. The net effect 
of these changes causes the surfactant fraction to contribute an 
increasing proportion to the whole lung phospholipid composi
tion. Thus, surfactant fraction phospholipids, expressed as a 
percentage of the total phospholipids of whole lung (i.e. the 
summation ofS and R fractions), account for 5.5% on day 19.5, 
16.8% on day 20.5, and 26% at term; the last value is the same 
percentage found in adult rats ( 11 ). 

As shown in Tables 1 and 2, assessment of fetal lung phospho
lipids in diabetic pregnancies compared to gestation-matched 
normal rats revealed no differences whatsoever at 19.5 days, no 
alterations in the residual fractions at any of the three gestational 
ages, and no abnormalities that could be ascribed to a separate 
diabetic subgroup, i.e. to a single category of diabetes severity. 
Between days 19.5 and 20.5, the lungs taken from fetuses of 
diabetic pregnancies showed much less increase than the normal 
fetuses in the level of surfactant fraction lipids. The diabetic 
group at 20.5 days showed significantly decreased total phospho
lipids (p < 0.02), PC (p < 0.01), DSPC (p < 0.02), and PG (p 
< 0.05) in the surfactant fraction as compared to controls (Table 
1). The DSPC/PC ratio, however, was not decreased, nor was 
there a decrease in DSPC as a percentage of total phospholipids 
in the surfactant fraction. Thus, except for the absence of PG 
mentioned previously, the abnormality in surfactant phospho
lipids was predominantly of a quantitative rather than qualitative 
nature. Instead of the surfactant fraction phospholipids account
ing for 16.8% of the total phospholipids of normal whole lung 
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(S + R), fetuses of diabetic pregnancies showed an average of 
only 8.9% of total phospholipids in isolated surfactant on day 
20.5. The PC and DSPC concentrations, however, rose substan
tially between 20.5 and 21.5 days in fetal lungs from all subgroups 
of diabetic pregnancies. Thus, there was very little difference 
near term between the normal and diabetic rats. At 21.5 days 
only the surfactant phospholipid concentration of the entire 
diabetic group remained lower than normal (p < 0.05) and 
accounted for a correspondingly lower percentage (21.3%) of 
whole lung phospholipids. The concentration of PG in the sur
factant and residual fractions were also similar to those of the 
normal fetuses studied at 21.5 days. 

DISCUSSION 

The method used herein for analysis of the major phospho
lipids of surfactant fractions prepared from fetal rats at I 9.5 to 
21.5 gestation gave results more specific than those of whole lung 
analyses and allowed access to some information on days 19.5 
and 20.5 that would not be discernible with lung lavage. The 
values obtained for the various phospholipids measured in S + 
R fractions (representing a total lung extract) are in good agree
ment with our previous data (6). This indicates that losses of 
lipid compounds are negligible with the method used herein. The 
higher DSPC/PC ratio found in S fractions compared to R 
fractions, as well as the surface active properties of S fraction 
material (9), confirm the selectivity of the isolation method to 
prepare surfactant-enriched material. 

It was of interest to find that striking increases occur in 
surfactant fraction phospholipids after 19 .5 days of gestation, 
since osmiophilic lamellar bodies are first detectable then (22) 
and physiologic evidence of surfactant is not evident in short 
gestational species until the last 2 days of intrauterine develop
ment (23) (Pignol B, Bourbon J, unpublished data). This close 
association provides further support for the conclusion that the 
sucrose density gradient isolation procedure, first reported by 
Frosolono et al. (9) and then modified by others (14, 15), yields 
a subcellular fraction enriched in functionally significant phos
pholipids. The precise quantitation available with the surfactant 
isolation technique offers major advantages over the morpho
logic and physiologic assessments of fetal rat lung maturation. 
In comparison to whole lung lipid analyses, the approach re
ported herein offers greater sensitivity, as well as selectivity. In 
essence, the "background," nonsurfactant phospholipids, such as 
those in the plasma membranes and most subcellular organelles 
( 12), are removed, allowing one to detect more readily the 
increases in surfactant phospholipids that signal fetal lung mat
uration. 

The data of Tables I and 2, compared to the summation of S 
+ R phospholipids presented in Table 3, indicate clearly that the 
marked changes in the surfactant fraction account for the some
what subtle increases found in fetal rat whole lung analyses as 
reported previously (24). In fact, the changes in lung PC and 
DSPC levels from 19.5 to 20.5 days are entirely attributable to 
increases in the surfactant fraction . After 20.5 days, the further 
increase is also largely due to the surfactant fraction offetal lung, 
but some of the newly synthesized DSPC and PG may be 
recovered in the endoplasmic reticulum and Golgi membranes 
that are presumably in the R fraction ( 12). 

The small scale simplified technique of pulmonary surfactant 
isolation reported herein for unperfused fetal rat lung can be 
easily applied to developmental pulmonology research involving 
animal models, cultured tissue explants, and isolated pneumo
cytes, as long as the equivalent of 50-100 mg of mature (i.e. 
term gestation) lung parenchyma are available. In this study we 
found that surfactant fraction assessment was useful in evaluating 
fetal lung development in streptozotocin-induced diabetic rat 
pregnancies. Under the conditions reported herein, fetuses from 
diabetic rats presented a transient delay in maturation of the 
surfactant material, particularly on day 20.5, when all the phos
pholipids were significantly reduced. The decrease in total phos
pholipids was still observed in the S fraction on the next day, 
while the PC and DSPC profiles were close to control values. 
The decrease in PG concentration observed in this study is 
consistent with previous data obtained with whole fetal lungs 
from the same diabetic animal model (6, 25) but the phenome
non was less pronounced. Surprisingly, the DSPC decrease ob
served in lung lavage specimens from term fetuses of sub- and 
mild diabetics (6) was not confirmed in the present work. Al
though no satisfying explanation can be given for this, there were 
differences in the biochemical methods used and minor varia
tions in the precise timing of gestation. Furthermore, differences 
observed in lung lavage lipids (extracellular surfactant) when 
compared to the S fraction (extracellular plus intracellular sur
factant) could be the consequence of processing of the phospho
lipids before the secretion of surfactant (26, 27) or to some 
impairment in secretion processes that might occur in fetuses of 
diabetic rats (6). These data also emphasize the importance of a 
precise timing of gestation in such studies. Several hours sooner 
or later might be sufficient to mask the changes in the phospho
lipid indices of lung maturation. 

The advantages of surfactant fraction phospholipid quantita
tion become obvious when one observes that the residual fraction 
was not altered at any time in the diabetic group. Furthermore, 
summation of S + R phospholipids, representing the equivalent 
of whole lung extraction, demonstrated that the significant de-

Table 3. Lung phospholipids (nmof/ mg wet lung tissue) in fetal lungs from normal and diabetic pregnancies (S + R fractions) 
(mean± SD)* 

Total 
Gestation group phospholipids PC 

I 9.5 days 
Normal (6) 13.6 ± 0.68 5.30 ± 0.36 
Diabetic ( 4) 13.2 ± 0.92 4.71 ± 0.8 1 

20,5 days 
Normal (7) 14.4±2.18 6.38 ± 1.36 
Diabetic (9) I 4.4 ± 1.55 6.34 ± 1.29 

21.5 days 
Normal (6) (MR) 19.7 ± 2.35t 10.5 ± 2.05t 
Diabetic ( 18) 11 20.3 ± 3.07 10.4 ± 1.96 

* Statistical analyses were performed by unpaired Student's I tests. 
t p < 0.00 I, based on comparison of normal fetuses at 20.5 days with normals at I 9.5 days. 
t p < 0.005, based on comparison of normal fetuses at 21.5 days with normals at 20.5 days. 
§ p < 0.00 I, based on comparison of normal fetuses at 21.5 days with normals at 20.5 days. 

DSPC 

2.03 ± 0.23 
2. 13 ± 0.41 

2.94 ± 0.37t 
2.61 ± 0.34 

4.91 ± 0.30§ 
5.09± 1.18 

II This group includes six fetuses from each of three diabetic subgroups (sub-, mild, and severe). 

PG 

0.087 ± 0.076 
0.037 ± 0.028 

0.12 ± 0.09 
0.07 ± 0.06 

0.76 ± 0.09§ 
0.66 ± 0.11 
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creases in PC and DSPC at 20.5 days in the diabetic group would 
not have been detected without isolation of the surfactant frac
tion. This observation, as well as the transient nature of the 
abnormalities, helps to explain some of the discrepancies re
viewed in detail elsewhere (3). It should be noted, however, that 
the pattern of abnormalities that we found in PC and DSPC is 
exactly the same as that reported by Gewolb et al. (8). Their data 
were obtained in a study of whole fetal lungs taken from strep
tozotocin rat pregnancies at 19-22 days of gestation, in which 
the low phospholipid levels were demonstrable only on day 21 
which corresponds to day 20.5 as designated herein. 

The fact that phospholipids in the fetal lung surfactant fraction 
increase at term gestation in the diabetic pregnancy agrees with 
the clinical hypothesis that the combination of maternal diabetes 
and premature delivery is what leads to the increased incidence 
of neonatal RDS (2). An alteration in the timing of fetal lung 
development caused by maternal diabetes, rather than in the 
fundamental nature of the maturation process, is in keeping with 
current concepts regarding the influence of hormones such as 
corticosteroids on fetal lung metabolism (28). An identical tran
sient pattern of delayed pulmonary PC production just prior to 
term was observed previously with the anencephalic rat model 
using fetal lung slices (29). The mechanisms causing the abnor
mal timing of fetal lung development associated with maternal 
diabetes must still be delineated and include a great variety of 
possibilities (3), such as altered substrate utilization involving 
glycogen, free glucose, or fatty acids from triglycerides; impaired 
modulation by cyclic nucleotides; and direct inhibition of phos
pholipid synthesis by excessive levels of metabolites (e.g. my
oinositol) or hormones (e.g. insulin). 
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