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Summary

Male infants have a higher risk of respiratory distress syndrome
than females at concurrent gestations. Recent evidence in humans
has linked fetal sex with differences in amniotic fluid indices of
lung maturation. We tested the hypothesis that the late gestation
surge in pulmonary surfactant production occurs later in the male
fetus than in the female fetus in the rabbit model. We measured
saturated phosphatidylcholine and total phosphatidylcholine in
lung lavage at 26, 28, and 30 days gestation and in amniotic fluid
at 24, 26, 28, and 30 days gestation (term = 31 days). The saturated
phosphatidylcholine/sphingomyelin ratios were 158 and 55%
higher in female fetal lung lavage at 26 and 28 days, respectively,
and 75% higher in amniotic fluid at 28 days (P < 0.05). The total
phosphatidylcholine/sphingomyelin ratios were 39% higher in fe-
male fetal lung lavage and 35% higher in female amniotic fluid at
28 days (P < 0.05). Significant differences were not detected in
the very immature (24 day) or the mature (30 day) fetuses. This
provides clear evidence of a biochemical difference according to
fetal sex in the maturation of pulmonary surfactant production.

Speculation

This is the first documentation of a biochemical difference
according to fetal sex arising in the course of normal fetal devel-
opment which is directly related to an increase in morbidity and
mortality in the newborn. Further investigations using this model
may help to define the mechanism by which the sex difference in
fetal lung maturation occurs. This may lead to development of
better methods for preventing respiratory distress syndrome in the
premature infant. Understanding the causes of the male disadvan-
tage for respiratory distress syndrome may also help to define the
causes of the male disadvantage for a variety of other disorders.

Males are at greater risk than females for a variety of diseases
and have higher age-specific mortality rates, a phenomenon
termed the male disadvantage. The respiratory distress syndrome
(RDS) of the newborn is an example of the male disadvantage.
Male newborns are at an increased risk of developing RDS at
equivalent points in gestation and have a 1.7-fold higher death
rate from RDS than do female newborns (14, 16, 22).

RDS is related to an insufficient quantity of pulmonary surfac-
tant, usually in association with premature birth. The bulk of
pulmonary surfactant is phosphatidylcholine (PC), and the prin-
ciple surface-active component is saturated (usually dipalmitoyl)
phosphatidylcholine (SPC). The attainment of lung maturity in
late gestation is characterized by a marked increase in production
of total PC, particularly of SPC (4).

We hypothesized that the sex difference in RDS is related to a
delay in the male fetus of the late gestation surge in pulmonary
surfactant production. We tested this hypothesis by measuring PC
and SPC in lung lavage (LL) and amniotic fluid (AF) in the fetal
rabbit at 24, 26, 28, and 30 days gestation.

MATERIALS AND METHODS

New Zealand White rabbit does were mated between 0900 and
1200 hr and sacrificed between these hours on day 24, 26, 28, or
30 of gestation (day 0 = day of mating; term = 31 days). Does
were sacrificed with an intravenous injection of pentobarbital (180
mg). The uterus was then exposed, and the fetuses were sacrificed
with 30 mg of pentobarbital intraperitoneally, injected through
the uterine wall. AF was obtained on each fetus by puncturing the
fetal membranes after dissecting away the uterine wall. Each fetus
was weighed and then tracheostomized, and LL was obtained by
lavaging the lungs with 5 X 0.5 ml 0of 0.9% iced NaCl solution. We
were unable to obtain reliable LL samples on 24 day gestation
fetuses. Bloody LL or AF samples were discarded. Fetal sex was
determined by inspection of the gonads and confirmed histologi-
cally.

P{lospholipids were extracted from the AF and LL by the
method of Folch et al. (5) and separated by thin-layer chromatog-
raphy. SPC was isolated by the method of Mason et al. (13) as
modified by Torday er al (19). The individual phospholipid
fractions [i.e., PC, SPC, and sphingomyelin (S)] were quantitated
by chemical assay of inorganic phosphorus (2). S concentration
remains relatively constant in LL and AF during late gestation (8)
and is widely used as an internal standard to avoid the technical
problems of obtaining quantitative samples of AF or LL. There-
fore, the results are expressed as the ratio of PC or SPC to S (PC/
S and SPC/S ratios).

All statistical comparisons were made using Student’s ¢ test.

RESULTS

There were no differences between the mean male and female
body weights at each point in gestation studied (data not shown).
Figure 1 shows the results for the PC/S and SPC/S ratios for both
sexes in LL and AF at each point in gestation. In the SPC/S ratio,
there is a significant difference between the males and females
characterized by a later rise in the SPC/S ratio in the male fetus.
This difference appears only in the LL at 26 days and in both LL
and AF at 28 days. The female SPC/S ratio is 158% higher than
the male SPC/S ratio in the LL at 26 days, and at 28 days, the
female SPC/S ratio is 55% higher than the male in the LL and
75% higher in the AF. At 30 days, there was no observable sex
difference in LL or AF. A test for type II error in the AF at 30
days showed that more than 200 fetuses in each group would be
needed to achieve statistical significance.

In the PC/S ratio, sex differences were less striking and were
only apparent on the 28th day. The female PC/S ratio was 39%
higher in the LL and 35% higher in the AF. At 30 days, there
were no detectable differences.

DISCUSSION

Our data demonstrate directly for the first time that there is a
sex difference in fetal pulmonary surfactant production during
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Fig. 1. Developmental profile of the production of PC, shown as PC/S ratio (upper panel) and SPC shown as SPC/S ratio (lower panel) by male and
female rabbits in AF and LL. Bars, mean + S.E., *, P < 0.05 by Student’s ¢ test. Three litters were studied at each gestational age, with the following
numbers of fetuses: 24 days gestation: 11 males, 12 females; 26 days gestation: LL, 14 males, 11 females; AF, 12 males, 11 females; 28 days gestation:
LL, 13 males, eight females; AF, 11 males, eight females; 30 days gestation: LL 17 males, six females; AF, 15 males, six females.

late gestation. Previous studies had provided indirect evidence for
this. We had analyzed a number of human amniotic fluid indices
of fetal lung maturation (i.e., L/S ratio and SPC and cortisol
concentration) and found significantly lower levels in male versus
female fetuses during the last trimester (15). Kotas and Avery (12)
recently reported a sex difference in the pressure-volume charac-
teristics of 27 day fetal rabbit lungs. Males had less deflation
stability than did females. Taken together, these findings suggest
that male newborns are at greater risk of RDS muorbidity and
mortality because as a group there are more male than female

fetuses producing insufficient quantities of pulmonary surfactant
at concurrent points in gestation. »
Clinically, physicians use measurements of PC or SPC in am-
niotic fluid to assess the risk of RDS during late gestation (7, 19).
The threshold of “maturity” is very discrete for these measure-
ments. Values of PC or SPC which are below the threshold of
maturity indicate a significant increase in risk of RDS (7, 19). The
timing of pulmonary surfactant production in the fetal rabbit is
similar to that in humans (18). RDS can be created in the rabbit
by premature delivery. At 28 days, one-half of the rabbit pups
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will die of hyaline membrane disease (1), making this stage in
rabbit lung maturity roughly equivalent to 28 wk gestation in
humans (4). Although we have not provided physiologic evidence
for increased risk of RDS in male rabbits, we believe that the
observed biochemical differences at 26 and 28 days reflect such a
difference.

There are several possible mechanisms through which a sex
difference in fetal metabolism might occur. We are focusing our
attention on possible hormonal mechanisms because fetal lung
development is under hormonal regulation (4). Recently, the effect
of gonadal hormones, particularly androgens, on the development
of nonreproductive organs such as brain, liver, and adrenal cortex
has been a topic of investigation (3, 10, 11). Testosterone levels
are higher in male fetuses than in female fetuses (6), and in rabbits
and rats the difference is greatest just prior to the time when the
surge in pulmonary surfactant production has been shown to
begin (20, 21). Hence, testosterone may be involved in the delayed
timing of pulmonary surfactant maturation of the male. On the
other hand, Khosla and Rooney (9) and Sarda er al. (17) have
shown that estradiol stimulates the production of SPC in fetal
rabbit lung and tissue culture, respectively. However, it is unclear
how estrogens would produce the observed sex difference in lung
maturation because fetal estrogen levels are similar for male and
female fetuses throughout gestation (6). Further investigation
using this model may help to define how the sex difference in fetal
lung maturation is mediated and, more specifically, to define the
hormonal regulation of fetal pulmonary surfactant production.

CONCLUSION

The male disadvantage for RDS is related to a delay in the
maturation of pulmonary surfactant production in the male fetus.
This occurs as a process of normal fetal development. Further
studies are needed to elucidate the mechanism for this sex differ-
ence.
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