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Summary

Administration of thyrotropin-releasing hormone (TRH) to
pregnant rabbits at 25 and 26 days of gestation results in increased
pulmonary surfactant production by the fetus at 27 days (full term
is 31 days). There was 60% more total phospholipid and 150%
more phosphatidylcholine (the major component of surfactant) in
the lung lavage from the fetuses in the treated group than in that
from the controls. Lung lavage from the fetuses in the treated
litters contained 13.4 % 1.6 ug of total phospholipid phosphorus/g
lung dry wt and 5.6 + 1.1 ug of phosphatidylcholine phosphorus
while that from the fetuses in the control litters contained only 8.2
% 1.1 pg and 2.2 * 0.4 pg, respectively. The phosphatidylcholine/
sphingomyelin ratio increased from 1.0 in the lavage from the
controls to 2.2 in that from the treated group. These changes in
lung lavage phospholipid content and composition are in the
direction of increased lung maturation. TRH administration had
no effect on the incorporation of choline into phosphatidylcholine
in fetal lung slices. These data suggest that TRH stimulates
surfactant release rather than synthesis.

Speculation

TRH has a physiologic role in fetal lung maturation and surfac-
tant production. It may potentially be used in the prevention of
the respiratory distress syndrome in humans.

Pulmonary surfactant, phospholipid-rich material which lines
the alveoli and prevents atelectasis (12), is produced by the fetal
lung towards the end of gestation (27). Insufficient surfactant at
birth is believed to be the cause of the respiratory distress syn-
drome of the newborn (11). It has been reported that infants with
the respiratory distress syndrome have lower levels of thyroxine
and triidodthyronine than those who do not develop the disorder
(1, 7, 19). Direct administration of thyroxine to fetal rabbits has
been reported to accelerate fetal lung maturation and surfactant
production as determined by morphologic and surface-physical
paramaters (28). It also increased the amount of phosphatidylcho-
line, the major surface-active component of surfactant (12, 27), in
lung lavage (22).

Thyroid production of thyroxine and triiodothyronine is con-
trolled by the pituitary hormone thyrotropin. Thyrotropin release,
in turn, is controlled by the hypothalamic agent L-pyroglutamyl-
L-histidyl-L-prolyl amide (TRH). Thyroxine, triiodothyronine,
and thyrotropin do not cross the placenta to any appreciable
extent, but TRH does (3). In this preliminary report, we show that
administration of TRH to pregnant rabbits increases the amount
of surfactant phospholipid in lung lavage from the fetuses.
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MATERIALS AND METHODS

Pregnant rabbits (New Zealand White), whose breeding time
was known to within 2 hr, were obtained commercially (30). TRH
(31) was administered iv (20 pg/kg) in 0.9% NaCl 48; 36, 24, and
12 hr before killing at 26 or 27 days of gestation. 9-Fluoro-
118,17,21-trihydroxy-168-methylpregna-1,4-diene-3,20-dione =
(betamethasone) in phosphate buffer (Celestone Soluspan) (32)
was administered intramuscularly (0.2 mg/kg) to another group
of rabbits 48 and 24 hr before killing. Appropriate controls were
similarly administered either iv 0.9% NaCl or intramuscular (im)
phosphate buffer.

The doe was anesthesized with sodium pentobarbital (80 mg/
kg) and the fetuses were delivered by cesarean section. The lungs
were lavaged in situ with 0.9% NaCl as described previously (23).
Lipids were extracted from the lung lavage and residual lung
tissue with chloroform and methanol and the phospholipids were
fractionated into individual components by thin layer chromatog-
raphy (23). Phospholipids were quantitated by phosphorus assay
(8). The phospholipid content is expressed per gram of lung dry
weight (obtained on lyophilization of the lavaged lung tissue).

The incorporation of choline into phosphatidylcholine in lung
slices was measured by a modification of the procedure of Epstein
and Farrell (10). Freshly-excised lung was chopped into slices 0.5
mm thick with a Mcllwain tissue chopper (33). After a 10 min
preincubation, the slices (2-6 mg of protein) were incubated with
1 uCi [methyl-"*C]choline (34) (57 Ci/mole) for 1 hr (10). The
reaction was stopped in ice-water and the slices were washed with
ice-cold 0.9% NaCl. The tissue was homogenized and aliquots
were removed for protein assay by the procedure of Lowry et al.
(15) and lipid extraction by the procedure of Bligh and Dyer (4).
After thin layer chromatography on Quantum LQD plates (35) in
chloroform-methanol-7 M NH,OH (60:35:5, by volume), the ra-
dioactivity content of the phosphaidylcholine band was deter-
mined in Liquifluor (34). Incorporation of choline into phospha-
tidylcholine was linear for at least 3 hr under these conditions.

RESULTS

The effect of TRH administration to the doe on the phospho-
lipid content and composition of lung lavage and lavaged lung
tissue from the fetal rabbits is shown in Table 1. There was 60%
more total phospholipid and 150% more phosphatidylcholine in
the lavage from the treated animals than in that from the controls.
Phosphatidylcholine increased from 25% of the total in the con-
trols to 37% in the TRH-treated animals while sphingomyelin
decreased from 30% to 21%. This resulted in a greater than 2-fold
increase in the phosphatidylcholine/sphingomyelin ratio. These
changes, which were statistically significant, are in the direction of
increased lung maturation (23) and are similar to those which we
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Table 1. Effect of TRH on fetal rabbit lung phospholipid content and composition’

Control TRH treated Treated/control P
Lung lavage
Phospholipid content (ug phospholipid phosphorus/g lung dry wt)
Total phospholipid 82x11 134+ 16 1.6 <0.02
Phosphatidylcholine 22+ 04 5.6+ 1.1 25 <0.02
Phospholipid composition (% phospholipid phosphorus)
Phosphatidylcholine 250+20 36.8 +£3.9 1.5 <0.025
Phosphatidylethanolamine 9.8 +09 7.0 £ 09 0.7 <0.05
Sphingomyelin 303 +26 21.1 220 0.7 <0.01
Phosphatidylinositol + phosphatidylserine 124 1.1 135+ 15 1.1 N§?
Lysophosphatidylcholine 93+10 93£1.6 1.0 N§?
Other acid phospholipids® 14.0 £ 0.7 ILS5+12 0.8 N§?
Phosphatidylcholine/sphingomyelin ratio 1.0+0.2 22+04 23 <0.05
Lavaged lung tissue
Phospholipid content (mg phospholipid phosphorus/g lung dry wt)
Total phospholipid 35+03 37+0.1 1.1 Ns?
Phosphatidylcholine 1.4+£02 1.3+£02 0.9 NS?

' The rabbits were killed at 27 days as described in Materials and Methods. Lavage and lavaged lung tissue from all fetuses in each litter were pooled
for analysis. The data are the means (+SE) from 13-15 TRH treated and 10-11 control litters. Statistical analysis was by f test for independent variables.

2 Not significant (P > 0.05).

3 The other acidic phospholipids consisted of phosphatidylglycerol and lysobisphosphatidic acid with perhaps a trace of cardiolipin.

Table 2. Effect of maternal administration of TRH or
betamethasone on the incorporation of choline into
phosphatidylcholine in fetal rabbit lung slices'

Choline incorporation Treated/
Treatment group  (cpm/hr/mg of protein) control P
Control 2920 £ 179 (12)
TRH 2875 £ 135 (5) 1.0 Ns?
Betamethasone 5492 + 1013 (4) 1.9 <0.002

' TRH was administered iv twice a day and betamethasone im once a
day at 24 and 25 days of gestation. The animals were sacrificed at 26 days
as described in Materials and Methods. Because there was no difference
between the two sets of controls, these data were combined. The data are
the means (+ SE) from the number of litters indicated in parentheses.
Statistical analysis was by ¢ test for independent variables.

2 Not significant (P > 0.05).

have previously observed after direct administration of cortisol
(20) and thyroxine (22) to fetal rabbits, as well as betamethasone
to the doe (21), at the same stage of gestation.

TRH administration had no effect on the phospholipid content
or composition of the lavaged lung tissue. This is similar to the
effect of cortisol administration (20) and is not surprising because
there is little developmental change in the total phospholipid or
phosphatidylcholine contents of lavaged fetal rabbit lung (23).
Because the phospholipids in lung lavage account for only 0.2-
0.3% of the total pulmonary phospholipids or phosphatidylcholine
at 27 days of gestation (22), a change in lavage phospholipid
content would not necessarily be reflected by a change in tissue
content.

Corticosteroids are known to stimulate the synthesis of phos-
phatidylcholine in the fetal lung (11, 27). To determine whether
TRH has a similar effect on synthesis, the effect of maternal TRH
and betamethasone injection on the incorporation of choline into
phosphatidylcholine in fetal lung slices were compared. In these
experiments, the intracellular pool size of choline is unknown.
Thus, factors which influence choline pool size might have an
apparent effect on phosphatidylcholine synthesis. As shown in
Table 2, while betamethasone stimulated the incorporation of
choline into phosphatidylcholine by over 90%, TRH had no effect.
The effect of the hormones on choline incorporation into phos-
phatidylcholine was measured at 26 days of gestation, before the
normal developmental surge in phosphatidylcholine synthesis
(21). Previous experience with betamethasone indicates that the
stimulatory effect of the steroid is not seen at 27-29 days Q@n.

Similarly, TRH had no effect on the incorporation of choline into
phosphatidylcholine in lung slices at 27 and 28 days of gestation
after injection at 25-26 and 25-27 days, respectively.

At delivery, 30 of a total of 155 fetuses (19%) in the TRH-
treated group were dead. This compared with 10 of 341 (3%) and
19 of 195 (10%) in the control and betamethasone-treated groups,
respectively. Administration of TRH had no effect on the weight
of the live fetuses at delivery. At 27 days of gestation, 14 fetuses
in two litters from control rabbits weighed 25.9 + 1.1 g (SE), while
17 fetuses in two litters from TRH-treated rabbits weighed 24.0
+12g(P>03).

DISCUSSION

The data presented here suggest that TRH stimulates the release
of surfactant into the alveoli. Unlike corticosteroids (11, 27),
however, it does not appear to stimulate the synthesis of the major
component of surfactant, at least at the stage of development
examined. The mechanism by which TRH stimulates surfactant
release remains to be established. There are a number of possibil-
ities. TRH crosses the placenta (3) and may stimulate production
of fetal thyroid hormone. Thyroxine has previously been shown
to increase the amount of surfactant in fetal rabbit lung lavage
(22, 28) and has also been shown to stimulate the release of
surfactant in the adult rat (18, 25).

The effect of TRH may also be mediated via prolactin. TRH is
known to stimulate the release of prolactin by the anterior pituitary
(26). Recently, Hamosh and Hamosh (13) reported that adminis-
tration of prolactin to fetal rabbits resulted in a 2.6-fold increase
in the amount of total lung dipalmitoylglycerophosphocholine,
the major surface-active species of pulmonary phosphatidylcho-
line (11, 12, 27). This, however, has not been confirmed (P.L.
Ballard, personal communication). The effect of prolactin admin-
istration on lung lavage phospholipids has not been examined
(13).

There is also evidence that surfactant production may be under
neurohumoral control (2, 5, 6, 9, 14, 16, 17, 29). In view of the
increasing evidence that TRH serves as a neurotransmitter acting
independently of the pituitary (24), a direct effect of TRH cannot
be excluded. '

We administered TRH to the doe twice daily for two days. We
chose a dose of TRH (20 pg/kg) which was similar to the dose (2
single injection of 10 pg/kg) administered to pregnant rhesus
monkeys by Azukizawa et al. (3). In that study, TRH administra-
tion resulted in elevated blood levels of thyrotropin, thyroxine,
triiodothyronine, and prolactin in the fetus and had no apparent
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side effects (3). Further studies are needed to determine whether
the observed effects of TRH on surfactant production might be
achieved with a lower, possibly less harmful, dose.

Clinical attempts to prevent the respiratory distress syndrome
in the newborn by the prenatal administration of corticosteroids
to women in premature labor are currently underway. Although
thyroxine stimulates surfactant production in animals (18, 22, 25,
28), it has not been used to prevent the respiratory distress
syndrome because it does not cross the placenta. Thyroxine would
have to be injected into the fetus or into the amniotic cavity to be
effective. Because TRH crosses the placenta (3), it may be of value
in the prevention of the respiratory distress syndrome in human
infants, if its safety is established.
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