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Synergistic effect of cortisol and thyrotrophin releasing 
hormone on lung maturation in the fetal sheep entails 

connective tissue maturation 
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Pressure-volume relationships and collagen and elastin contents were measured 
in the lungs of fetal sheep infused either with saline (n = 4), thyrotrophin-releasing 
hormone (TRH; n - 6), cortisol (n = 9) or TRH plus cortisol (n = 10) at 128 days 
of gestation (term = 149 days)for 7 days. Lung distensibility (V40 = 1.8 ± 0.1 mllg 
wet wt; mean ± SD) and stability (V5 = 0.6 ± 0.1) increased along with collagen 
(C) (10.1 ± 2.7 \xglrng) and elastin (E) contents (128 ± 35 nglmg) in the animáis 
infused with TRH plus cortisol and were significantly higher (p < 0.05) than those 
observed in TRH (V40 0.62 ± 0.07; V5 0.32 ± 0.04; C 3.53 ± 1.3; E 38.2 ± 8.3), 
cortisol (V40 0.66 ± 0.6; V5 0.27 ± 0.03; C 4.27 ± 0.8; E 41.02 ± 12.7) or saline 
infused fetuses (V40 0.40 ± 0.1; V5 0.20 ± 0.06; C 3.28 ± 0.9; E31.5± 9.2). Plas­
ma concentrations of prolactin (PRL), triiodothyronine (T3) and cortisol (F) were 
also higher in the group of fetuses infused with both hormones in comparison with 
the other groups. In fetuses treated with TRH plus cortisol, PRL (32 ± 8.3 nglml) 
and T3 (308.3 ± 36 \igldl) were significantly higher than in those infused with 
cortisol alone (PRL 3.7 ± 2.3; T3 128 ± 30) or with saline (PRL 4.2 ± 1.6; T3 < 
5 \igldl). In the group treated with TRH alone, PRL also increased significantly 
(37 ± 6.4), but T3 increased only slightly (18 ± 3.4). 

We conclude that there is a synergism between TRH and cortisol to induce lung 
maturation in the fetal sheep and that its mechanism entails connective tissue 
maturation. 

I N T R O D U C T I O N 

Lung maturation in the fetus is induced by 
hormones such as g lucocor t ico ids , 
t r i idothyronine (T3), prolact ine (PRL), 
adrenocorticotrophin, etc., given alone or in 
combinations (Liggins et al., 1981; Liggins 
& Schellenberg, 1986). Most of the hormones 
studied have been shown to exert their effeets 
on the surfactant system and on lung structure 
(Liggins et ai, 1981; Mitzner et al., 1979; 
Croneera/ . , 1983). Kitterman et al. (1981) 
showed that in the fetal lamb endogenous 
cortisol correlates well with the prepartum 
maturation of the lung. However, it is difficult 

to sepárate the effect of cortisol with that of 
the other hormones which also increase before 
birth (Challis & Olson, 1988). Furthermore, 
glucocorticoids given to pregnant women in­
duce lung maturity in their fetuses (Liggins 
& Howie, 1972; Collaborative study, 1981); 
however, they are not equally effective at 
earlier gestational ages, suggesting that other 
factors are also involved in the physiological 
process of fetal lung maturation. 

Some authors (Schellenberg et al., 1988; 
Liggins et al., 1988) have shown a synergistic 
effect between cortisol an thyrotrophin 
releasing hormone (TRH) on lung maturation 
in the fetal lamb. They found a significant 
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increase in the surfactant system, in the 
alveolization of the lung and in alveolar 
distensibility and stability in animáis infused 
with TRH plus cortisol in comparison with 
those infused either with saline, cortisol or 
TRH alone . Fur thermore , they also 
demonstrated that the collagen and elastin 
contents were higher in the fetuses with 
distensible lungs in comparison with the group 
of fetuses with non-d is tens ib le lungs 
(Schellenberg et al., 1987). Kendall et al. 
(1990) showed that cortisol infused to near 
term lamb fetuses accelerates pulmonary 
alveolization studied through morphometric 
analysis. 

Connective tissue is an important com-
ponent of the lung and its composition is 
related to its mechanical properties, but 
information about changes at this level in 
fetuses receiving hormonal infusions to indu­
ce lung matura t ion is still scat tered 
(Schellenberg, 1986). Schellenberg and 
Liggins (1987) showed that collagen and 
elastin increased during alveolar formation in 
the fetal sheep lung. Furthermore, the same 
authors demonstrated similar changes in 
connective tissue with the infusión to fetal 
sheep of hormones like cortisol, T3 and PRL, 
given alone or in combinations (Schellenberg 
et al., 1987). The aim of this study was to 
investígate further and to confirm previous 
findings (Liggins et al., 1988) about the 
synergism between cortisol and TRH, on 
connective tissue composition and mechanical 
properties of the fetal lung. 

M A T E R I A L A N D M E T H O D S 

Twenty nine Romney Marsh ewes were used 
for these experiments. Estrous cycle was 
synchronized with vaginal sponges containing 
60 mg of medroxyproges terone acétate 
(SIGMA Co. , St. Louis) and injecting 
prostaglandin PGF2« 5 mg i.m. at the moment 
of removal of the sponge (14 days). Pregnancy 
was confirmed with sonographic examination 
at about day 70 of gestation using an Aloka 
Ultrasound mach ine with a 7.0 MHz 
transrectal transducer. Pregnant ewes were 
operated under epidural anaesthesia at 117 
days (term 149 days) and plástic catheters 
were placed in the fetal carotid artery, jugular 
vein and in the amniotic cavity using a 

technique previously described (Campos et al., 
1985). At 121 days of gestation, a group of 9 
fetuses was continuously infused i.v. at a rate 
of l.Oml/h with a solution containing NaCl 
0.9%, ampicillin (1 g/1) and heparin (100 IU/ 
1) during 3.5 days. After that, cortisol was 
added to the solution at a concentration of 
1 mg/h dur ing 3.5 days . At a s imilar 
gestational age (121 days) another group of 
14 fetuses was infused intra-arterially with 
the same solution containing TRH (ELEA 
Laboratories, Buenos Aires). The solution 
containing TRH was infused in 1 mi in 1 
minute every hour, each pulse containing 
25 ug of TRH. At 3.5 days cortisol (1 mg/h) 
was added i.v. to 10 TRH infused fetuses until 
the end of the infusión. The remaining 4 
fetuses received only the TRH solution. A 
group of 6 fetuses was infused with saline 
solution during 7 days and was used as a 
control group. 

An arterial blood sample (4 mi) was 
obtained daily for pH, blood gases analysis 
and plasma hormone determinations by 
established radioirnmunoassays. To prevent 
premature delivery of the fetus during the 
infusions, 150 mg of Medroxyprogesterone 
acétate (Upjohn Co., Kalamazoo, USA) was 
injected i.m. to the ewe at the beginning of 
the experiment. 

At the end of the experiment, the fetuses 
were killed with an overdose of sodium 
pentobarbitone i.v. and then delivered by 
Cesarean section under epidural anaesthesia. 
The fetuses were weighed and the trachea, 
lungs and heart were removed as a block. 
The lungs were dissected free from the heart 
and carefully separated one from the other at 
the level of the tracheal bifurcation. The left 
lung was used for quasi-static pressure-volume 
curves. We performed inflation and deflation 
pressure-volume studies using pressure 
increments of 5 cm H2O to a máximum of 40 
cm H2O. For volume equil ibrat ion, we 
allowed 2 min at each pressure, except at 40 
cm H2O and at atmospheric pressure on 
deflation, where we allowed 5 min. As a check 
for leaks during pressure-volume studies, we 
measured the displacement volume in 0.9% 
NaCl for each lung after the pressure-volume 
study. Lung distensibility was expresed as the 
amount of air (ml/g of wet tissue) necessary 
to reach and maintain a pressure of 40 cm 
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H2O (V40). Lung stability (V5 ; ml/g of wet 
tissue) was estimated by the amount of air 
remaining in the lung after deflation at 
atmospheric pressure. 

After completion of the pressure-volume 
studies, the left lung was dissected free from 
the pleura, major bronchia and vessels. The 
tissue obtained was lyophilized and stored at 
-20° C until analyzed for hydroxyproline and 
desmosine. 

Hydroxyproline and desmosine analyses 

The lyophilized lung tissue (200 mg) was 
subjected to acid hydrolysis with HC1 6 N, 
1% Phenol in vacuum-sealed ampoules at 
110° C for 12 hours . Recovery of 
hydroxypro l ine and desmosine was 
determined by subjecting vials with known 
amounts of the aminoacids to the same process 
of hydrolysis. The sample was then analyzed 
for hydroxyprol ine (collagen) using an 
Aminoacid Analyzer according to a method 
previously described (Powell & Whitney, 
1980). For desmosine (elastin) analysis, the 
hydro lysa te was direct ly applied to a 
chromatography column fitted in a Gas 
Chromatograph Perkin-Elmer model Sigma 
300, equipped with a fíame ionization detec­
tor. The data were integrated and registered 
using an integrator Perkin-Elmer model LCI-
100. The s tandards for desmosine and 
isodesmosine were a gift from Prof. G.C. 
Liggins, Auckland, New Zealand. Briefly, the 
assay's conditions included: silanized glass 
column of 8 feet long, 2 mm intemal diameter 
and 0.25 inch extemal diameter. Stationary 
phase: GP 3% SP-2310 / 2% SP-2300 over 
100/120 mesh Chromosorb W AW. The 
elution program was as follows: initial 
temperature 80° C for an initial time equal 0; 
speed 30° C/min, final temperature 240° C in 
8 minutes. Under the assay's conditions, 
desmosine elutes as a clear peak at 5.625 min 
from the beginning of the procedure (Figs. 1 
and 2). Results were corrected according to 
the recovery efficiency of the assays' methods, 
which in the case of hydroxyproline was 85 
± 2.3% (mean ± SD) and for desmosine was 
81 ± 1.8%. 

The data were statistically analyzed using 
Duncan's Múltiple Range Test. A p valué of 
less than 0.05 was considered significant. 
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Fig. 1: G a s c h r o m a t o g r a m of an h y d r o l y s a t e c o n t a i n i n g 6 
n m o f d e s m o s i n e . A s s a y ' s c o n d i t i o n s d e s c r i b e d in text . 
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Fig. 2: G a s chromatogram s h o w i n g a c lear peak at 5 . 6 2 5 m i n , 
c o r r e s p o n d i n g t o t h e d e s m o s i n e c o n t e n t o f f e t a l l u n g 
h y d r o l y s a t e . A s s a y ' s c o n d i t i o n s descr ibed in text . 

R E S U L T S 

Data on body and lung weights are shown in 
Table.I. Valúes for arterial pH and blood gas 
tensions were not significantly different 
between the groups, either before or during 
the infusión, or at the end of each experiment 
(data not shown). 

During the infusions, the p lasma 
concentration of cortisol increased, reaching 
a level of 42.4 ± 7 . 8 ng/dl in the fetuses 
receiving TRH plus cortisol and 45.2 ± 7.5 
Hg/dl in the group receiving only cortisol, 
whereas it remained not detectable (< 1 ug/ 
di) in the fetuses treated with TRH or saline 
(p > 0.05). The plasma levéis of T3 increased 
progressively during the experiment in all the 
groups, except in the fetuses infused with 
saline. At the end of the infusión, plasma T3 
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Effects of the infusions of TRH and/or Cortisol on plasma levéis of various hormones 

TRH + 
Cortisol Cortisol TRH Saline 

n 10 9 4 6 
Age (days) 128.9 ± 1.6 129.7 ± 1.2 128.3 ± 1.4 127.9 ± 1.8 
Body wt (g) 2720 ± 252 2860 ± 302 2650 ± 328 2890 ± 293 
Lung wet wt (g) 70.7 ± 6.5 77.2 ± 8.1 70.2 ± 8.7 69.3 ± 7.0 
Prolactin (ng/ml) 32 ± 8.3 a 3 . 7 ± 2 . 3 b 37 ± 6.4 a 4.2 ± 1.6b 

Cortisol (|ig/dl) 42.4 ± 7.8 a 45.2 ± 7.5 a <: 1.0 < 1.0 
T3 (jig/dl) 308.3 ± 36 a 128.0 ± 3 0 b 18 .0±3 .4 C ND 

V a l ú e s , m e a n s ± S D at end o f i n f u s i o n s . N D , not de tec tab le . V a l ú e s w i t h dif ferent superscr ipts s h o w s tat i s t ica l ly s i gn i f i cant 
d i f f e r e n c e s (p < 0 . 0 5 ) . 

concentration in the fetuses infused with TRH 
and cortisol was about 17 times higher (p < 
0.001) than in those treated with TRH alone. 
Prolactin increased more than 40 times in the 
fetuses infused with TRH or with TRH and 
cortisol, compared with those fetuses infused 
only with cortisol or saline (p < 0.01) 
(Table I). 

Pressure-volume studies showed estimates 
of lung distensibility (V40) and stability (V5) 
significantly higher (p < 0.05) in the fetuses 
infused with TRH plus cortisol than in those 
animáis receiving either TRH or cortisol alone 
or saline solution (Table II). 

Both desmos ine and hydroxypro l ine 
increased significantly in the group of fetuses 
treated with TRH and cortisol compared to 
those receiving only TRH, cortisol or saline. 
In the group of fetuses infused with both 
hormones, the rise in the concentration of 
desmosine was proportionately higher than the 
increase in hydroxyproline, determining a 
significant fall in the ratio of hydroxyproline 
to desmosine (p < 0.01) (Table II). 

D I S C U S S I O N 

Lung maturation in fetal sheep infused with 
TRH and/or cor t isol has been studied 
analyzing its mechanical properties and 
surfactant content in both the alveolar fluid 
and in the lung tissue (Schellenberg etal, 
1988; Liggins et al, 1988). In these studies, 
a synergistic effect of both hormones on lung 

maturation has been clearly demostrated. Both 
lung distensibility and stability increased in 
these experiments along with a rise in the 
concentration of saturated phosphatidylcholine 
in the alveolar lavage fluid and in lung tissue. 
They concluded that lung maturation before 
birth is dependent on the synergism between 
several hormones. At least three of such 
hormones - cortisol, prolactin and T3 - can 
play an important role in that process. 

Our results, using the same experimental 
approach that of Liggins et al. (1988), showed 
that the plasma concentrations of prolactin 
and T3 in the fetuses infused with TRH and 
cortisol rose to levéis normally found at term 
in the fetal sheep (Challis et al, 1988). These 
valúes were in the range of those reported by 
Liggins et al. (1988). Both lung distensibility 
(V40) and stability ( V 5 ) were significantly 
higher in the fetuses infused with both TRH 
and cortisol, compared with valúes of fetuses 
infused either with each hormone by sepárate 
or with saline. Present results agree with those 
previously reported, confirming the synergistic 
effect of TRH and cortisol on lung maturation 
in the sheep fetus (see Liggins etal, 1988; 
Schellenberg et al, 1988). 

Our results showed that the intrafetal 
infusión of TRH plus cortisol caused a 
significant increase in desmosine (elastin) and 
hydroxyproline (collagen) in lung tissue, being 
the rise in elastin higher than that of collagen. 
Therefore, the ratio collagen/elastin changed 
from 0.1 in saline or cortisol-infused animáis 
to 0.07 in the fetuses infused with both 

TABLEI 



B i o l R e s 2 5 : 9 5 - 1 0 0 ( 1 9 9 2 ) 99 

TABLE II 

Effects of the infusions of TRH and/or Cortisol on distensibility (V40). stability (V5), and 
hydroxyproline (HPL) and desmosine (DES) contents of fetal sheep lungs. 

TRH + 
Cortisol Cortisol TRH Saline 

n 10 9 4 6 
HPL (ug/mg) 10.1 ± 2.7 a 4.27 ± 0.80 b 3.53 ± 1.3b 3.28 ± 0.9 b 

DES (ng/mg) 128.2 ± 35.2 a 41.0 ± 12.7 b 3 8 . 2 ± 8 . 3 b 3 1 . 5 ± 9 . 2 b 

Ratio HPL/DES 0.076 ± 0.004 a 0.105 ± 0 . 0 8 b 0.094 ± 0.10 b 0.103 ± 0 . 0 8 b 

V40 (ml/g) 1.8 ± 0 .11 a 0.66 ± 0.06 b 0.62 ± 0.07 b 0.40 ± 0 . 1 c 

V 5 (ml/g) 0.60 ±0 .1 I a 0.27 ± 0.03 c 0.32 ± 0.04 b 0.20 ± 0.06 c 

V a l ú e s , m e a n s ± S D at end o f i n f u s i o n s . V a l ú e s wi th dif ferent superscr ipts s h o w stat i s t ica l ly s ign i f i cant d i f f e r e n c e s (p < 0 . 0 5 ) . 

hormones (p < 0.01). The cause of the increase 
in collagen and elastin in the animáis treated 
with TRH plus cortisol is not clear. It is 
known that corticosteroids given to pregnant 
animáis stimulated collagen and elastin 
deposition in the developing lung of the fetal 
monkey, but causing an increase rather than 
a decrease in the collagen/elastin ratio (Beck 
et al., 1981). In our experiments, cortisol 
given alone caused a small and non-significant 
increase in both collagen and elastin in the 
lung when compared with the saline-infused 
animáis. However, the combination of TRH 
plus cortisol -probably through an interaction 
between prolactin, T3 and cortisol- was able 
to increase the collagen and elastin contents 
of the fetal lung. 

The increased lung distensibility and 
stability observed in the fetuses treated with 
TRH plus cortisol correlate well with the rise 
in collagen and elastin. Several reports have 
suggested that changes in the connective tissue 
may be more important than an increase in 
surfactant in determining the mechanical 
properties of the hormone-induced maturation 
of the fetal lung (Brumley et al, 1977). The 
contents of collagen and elastin in the fetal 
lung are significantly higher in animáis with 
distensible lungs in comparison with those 
with non-distensible lungs (Schellenberg, 
1987), a finding that agrees well with the 
results of the present experiments. 

The changes in connective tissue found in 
the present experiments are similar to those 
observed during normal lung maturation in 
the fetal sheep. Rapid elastin accumulation 

and a mild increase in the collagen content 
(Schellenberg, 1986; Schellenberg et al., 
1987) appear to occur before alveolization of 
the lung in the fetal sheep. Our preliminary 
observations (Campos etal., 1990) show that 
fetal sheep infused with TRH and cortisol had 
lungs with more air spaces and thinner 
alveolar walls than the lungs of fetuses infused 
only with cortisol. These structural changes 
occurred along with increases in lung 
distensibility and stability, suggesting that 
connective tissue changes and alveolar 
formation (structural maturation) could be 
closely related. 

From the above, we may conclude that the 
synergism between TRH and cortisol to in­
duce lung maturation in the fetal sheep is 
expressed in different ways, including 
structural changes such as alveolar formation 
and thinning of the alveolar wall, stimulation 
of surfactant synthesis and -a t a biochemical 
level- stimulation of collagen and elastin 
accumulation in the fetal lung. 
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