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Summary 

Prenatal maternal therapy with glucocorticoid reduces the in- 
cidence of respiratory distress syndrome (RDS) in premature 
infants. To investigate the effects of this treatment on the fetal 
endocrine system, we determined serum concentrations of beta- 
methasone, cortisol, dehydroepiandrosterone sulfate, growth hor- 
mone, and prolactin in cord blood of 215 treated infants and 117 
untreated infants of 26-36 wk of gestation. Cortisol levels are 
suppressed within 6 hr of betamethasone treatment, decrease to 
45% of the concentration in untreated infants (8.4 &dl), and 
return to normal by 7 days. Dehydroepiandrosterone sulfate is 
reduced maximally by 65% and returns to normal concentrations 
(123.5 pg/dl) in 7% days. The suppression of both steroids was 
similar after treatment with 12 mg betamethasone (acetate and 
phosphate) daily 2 times or with 6 mg betamethasone (alcohol) 
twice daily 4 times. Peak betamethasone levels were higher after 
the 12 mghose, but the two-treatment regimens produceda similar 
total exposure of the fetus to elevated serum glucocorticoid activity 
for 2% days and decreased plasma activity f;;r the subsequent 4& 
days. Treated infants with low cortisol concentrations at birth 
increased their cortisol levels severalfold after birth in response to 
either intrapartum asphyxia or RDS. 

Betamethasone therapy did not affect cord serum prolactin 
levels, but the concentration of growth hormone was reduced at 
all gestational ages. The suppression was greatest (53% decrease) 
among infants of 2 8 ~ 3 2  wk, and, among older infants, there was 
a subsequent increase above control levels between 2 and 4 days 
after treatment. 

This study indicates that prenatal betamethasone treatment 
causes a transient suppression of fetal growth hormone and pre- 
sumably those pituitary hormones which regulate steroid produc- 
tion by both the definitive and fetal zones of the fetal adrenal. 
However, the suppression of fetal cortisol does not interfere with 
the pituitary-adrenocortical response to stress after birth. 

Speculation 

We speculate that the results of betamethasone treatment on 
the fetal endocrine system described here may represeht only some 
of the effects which exogenous corticosteroids have on the human 
fetus. Continuing research in this area will further the understand- 
ing of the role of glucocorticoids during development, and will help 
in establishing the safest and most efficacious treatment regimen 
for prevention of RDS. 

RDS is a major cause of neonatal morbidity and mortality in 
premature infants. In 1972, Liggins and Howie (24) reported that 
treatment of women in premature labor with betamethasone 

significantly lowered the incidence of RDS in their infants. Sub- 
sequent reports (3, 4, 8, 10, 14, 21,40) have confirmed this effect, 
and prenatal steroid therapy to prevent RDS is now used routinely 
in many centers. 

Although the efficacy of this treatment is now established, there 
is relatively little information available regarding the effects of 
treatment on the fetal endocrine system. In a previous report from 
this laboratory (7), the levels of betamethasone and cortisol in 
both maternal and cord serum after therapy were described. In 
the present study, we have assayed additional cord samples to 
define further the effect of betamethasone on steroid and other 
hormone levels. We report here the effect of this therapy on 
cortisol, dehydroepiandrosterone sulfate (DHEAS), growth hor- 
mone, and prolactin in cord serum. In addition, we compare the 
unbound plasma glucocorticoid activity in two regimens of beta- 
methasone therapy, and also examine cortisol levels in newborn 
infants exposed to neonatal stress. 

METHODS 

TREATMENT OF PATIENTS 

Women in premature labor admitted to the University of Cali- 
fornia, San Francisco, to Mount Zion Hospital, San Francisco, 
and to National Womens' Hospital, Auckland, New Zealand, 
received, with their consent, treatment with a mixture of 6 mg 
betamethasone phosphate and 6 mg betamethasone acetate. A 
second dose was given 12-24 hr later if delivery had not occurred. 
The 127 infants of these women are designated 12 mg group. A 
second group of women at National Womens' Hospital received 
6 mg of betamethasone alcohol as part of a clinical trial. This dose 
was repeated 3 times at 12-hr intervals unless delivery occurred. 
Infants of women receiving this therapy are designated 6 mg group 
(88 infants). A third group of 117 infants (untreated group) were 
born during the same period of time (1972-1977) but received 
either no @natal steroih therapy or placebo treatment as controls 
for the 12 mg group (4, 24). 

Clinical data for many infants of the untreated and 12 mg 
groups have been previously presented (4,7, 24). All three groups 
are comprised of live, inborn infants of 26-36 wk of gestational 
age without congenital malformations incompatible with life. The 
management of patients and the collection of mixed or umbilical 
venous cord bloods have been described (4, 7, 24). Because of 
limited volumes, not all hormone assays were performed on each 
sample of cord serum. Infant gestational age was assessed both by 
obstetrical data and by physical and neurologic development, and 
RDS was diagnosed as previously described (4, 24). Intrapartum 
asphyxia was defined as an Apgar score of less than 5 at 1 min 
and/or less than 7 at 5 min. 
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HORMONE ASSAYS 

Serum betamethasone levels were determined using the gluco- 
corticoid radioreceptor assay which was performed exactly as 
previously described (6, 7). Cortisol levels were determined using 

the corticosteroid binding globulin (CBG)-isotope method of Mur- 
phy (28). This method measures both corticosterone and cortisol, 
the predominant glucocorticoid in human cord blood, but does 
not detect betamethasone (< I %  the activity of cortisol) (6). Before 
ethanol extraction, serum samples were washed twice at 15-min 
intervals with 20 volumes of petroleum ether by vortexing in 5-sec 
bursts for 30 sec. It was found that this washing procedure, which 
was somewhat more extensive than previously used (7). removes 
more than 95% of the progesterone ahd resultsin somkwhat lower 
values for serum cortisol than previously reported in this labora- 
tory. Data in Figures 1 and 2 include some specimens which were 
included in a previous report (7), and these samples have been 
reassayed using the wash procedure described previously in this 
paper. Studies of cortisol levels after birth utilized residual hepa- 
rinized plasma obtained for determination of blood gas values. 
Such samples were obtained as frequently as every 10 min during 
the first 2 hr of life, and approximately every other hr thereafter 
through the first 2 days of life. 

The percent of serum cortisol bound to CBG was determined 
by the charcoal method as previously described (7). Serum albu- 
min levels were determined by the dye-binding method of Doumas 
et al. (13), and the amount of cortisol bound by albumin was 
calculated (39). In an analysis of cord blood specimens from 43 
untreated infants and 40 treated infants, the mean percent of 
unbound cortisol increased linearly from 22.1% at a total cortisol 
concentration of 3 pg/dl to 28.2% at a level of 10 &dl. 

DHEAS was determined by radioimmunoassay (9); the sensi- 
tivity in this assay is 44 pg and the interassay coefficient of 
variation is 14.1%. The antiserum to DHEAS does not crossreact 
significantly with 16-OH DHEAS (9). Growth hormone was 
measured by radioimmunoassay using NIH-HGH-2160E as the 
standard (43). The sensitivity of this assay is 0.01 ng and the 
interassay variation is 6.0%. Prolactin was determined by radioim- 
munoassay using Lewis HPRL #2 as the standard (1, 17). The 
assay has a sensitivity of 0.03 ng and an interassay variation of 
9.0%. 

Statistical significance was evaluated by Student's unpaired t 
test and by the least squares method of regression analysis. Values 
are presented as mean + SE. 

RESULTS 

CORTISOL CONCENTRATION IN CORD SERUM OF THE 12 
MG GROUP 

Figure 1 shows individual values for cortisol in 41 infants 
delivered within 20 hr after the first maternal dose of 12 mg of 
betamethasone. Values for 84 infants of the untreated group with 
the same gestational age distribution are shown for comparison; 
we found no significant trend in cortisol concentration in untreated 
infants between 26 to 36 wk of gestation. There is a trend toward 
lower cord cortisol concentrations in treated infants within a few 
hr of the dose of betamethasone. The mean level for samples 
collected between 6-16 hr was 3.7 2 0.47 pg/dl, a significant (P 
< 0.001) reduction from the mean value of 8.4 + 0.44 
&dl for the untreated group. The mean value for the 10 samples 
between 17 to 20 hr after betamethasone treatment was 5.8 + 1.0 
(P = 0.05 compared with untreated group), representing an ap- 
parent upward trend during this interval. 

F ~ g u r e  2 presents a similar analysis for 86 additional infants of 
the 12 mg group who delivered at  various times after the second 
dose of 12 mg of betamethasone. No differences between infants 
receiving the second dose at 12, 18, or 24 hr after the first dose 
were noted. The Y intercept of the regression line yields a cortisol 
concentration of 3.8 pg/dl immediately after the second dose of 
betamethasone. By this analysis, cortisol returns to the untreated 
level approximately 7 days after betamethasone treatment. 

We were able to examine cortisol concentrations at various 
times after birth in two infants of the 12 mg group who had 
uneventful neonatal courses. One infant (1 100 g, 28 wk of gesta- 
tion) delivered 18 hr after a second dose of betamethasone, and 
the other infant (1495 g, 3 1 wk) was born 9 hr after betamethasone 
therapy. Cortisol concentrations were 3.1 and 1.6 pg/dl at birth 
and remained at or below the cord value for 30 and 13 hr after 
birth, respectively. Cortisol was within the normal range (7.9-1 1.0 
&dl, n=4) between 55 and 94 hr after birth in the first infant, 
and in the second infant remained low (3.74.4 &dl) between 
21-41 hr after birth in the last three samples available. These 
findings suggest that the recovery pattern for cortisol after birth in 
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Fig. 1. Cortisol levels in cord serum of infants delivering within 20 hr 
of the first maternal dose of 12 mg betamethasone. Individual data are 
shown for 41 treated infants (12 mg group) and 84 untreated infants with 
mean gestational ages of 3 1.9 + 0.46 and 3 1.6 + 0.3 1 wk, respectively. The 
mean cortisol level (---) for the untreated group is 8.4 + 0.44 /@dl. 
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Fig. 2. Cortisol levels in cord serum of infants delivering at various 
times after the second maternal dose of 12 mg betamethasone. Data for 86 
treated infants of 12 mg group (mean gestational age 3 1.1 +- 0.26 wk) and 
84 untreated infants (mean age 31.6 + 0.31 wk) are shown. The mean 
cortisol value for the untreated group is 8.4 -+ 0.44 pg/dl. The arrows 
indicate values off scale. The regression line equation is Y = 3.8 + 0.64 X 

with r = 0.34 (P < 0.01). 
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the unstressed infant is similar to that occurring in utero. In a later 
section cortisol levels after birth in the stressed newborn infant 
are discussed. 

BETAMETHASONE AND CORTISOL IN CORD SERUM OF THE 
6 MG GROUP 

In a separate trial of steroid therapy, four maternal injections of 
6 mg of betamethasone (alcohol) were given every 12 hr. Figure 
3 presents data for both betamethasone and cortisol levels in 88 
infants who delivered at various times after treatment with this 6 
mg regimen. In this analysis, data were grouped by 12- to 48-hr 
intervals to allow comparison of the synthetic and endogenous 
steroid levels. During the first 48 hr, betamethasone levels ranged 
between 2.0-17.4 pg cortisol equivalents/dl, with mean levels of 
7.0, 9.4, 8.5, and 7.7 pg/dl at 8.5, 18.8, 31.6, and 41.3 hr, respec- 
tively. These times represent the mean time for the samples 
available after each dose of steroid. Betamethasone was not de- 
tected in any samples obtained beyond 60 hr of the last dose. 

Cortisol levels are significantly suppressed by 24-36 hr (4.1 k 

1.39 &dl) and reach their lowest levels between 3648  hr (3.6 k 

0.48 pg/dl, P c 0.005 compared to the untreated group. Cortisol 
then increases in an inverse relationship to the concentration of 
betamethasone, returning to the untreated level by approximately 
6 days. For this group of infants, there was no apparent correlation 
between either cortisol or betamethasone levels and the occurrence 
of RDS (1 1 infants). 

COMPARISON OF SERUM UNBOUND GLUCOCORTICOID ACTIVITY 
IN THE 12 MG AND 6 MG GROUPS 

In Figure 4, we have calculated the approximate levels of serum 
unbound glucocorticoid activity (i.e., betamethasone + cortisol) in 
serum of infants exposed to the 12 mg vs. the 6 mg betamethasone 
regimen. Betamethasone levels after the 12 mg dose are taken 
from a previous study (7). With the 12-mg regimen, unbound 
glucocorticoid activity is maximal 1 hr after the first injection at 
a level of 8.8 pg/dl, a 4-fold increase over the preinjection (un- 
treated) level of 2.2 &dl. Calculated by 6-hr intervals, the level 
falls to 3.9 &dl at 18 hr and then increases to 7.9 after the second 
dose. By 60 hr, betamethasone has been cleared, and the unbound 
corticoid activity falls below the untreated level to 1.2 pg/dl, 
reflecting the suppression of endogenous cortisol. This is followed 
by a rise to preinjection levels by about 7 days. 
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Fig. 3. Mean cortisol and betamethasone levels in infants who deliv- 

ered at various times after their mothers were treated with 6 mg beta- 

methasone. Data are shown for 88 treated infants (6 mg group) and 117 

infants of the untreated group (time zero, mean value 8.5 + 0.42 &dl). 

The mean gestational age was 32.7 + 0.6 wk for the 6 mg group and 32.7 
f 0.27 wk for the untreated group. Regression analysis of the cortisol data 

(not shown) gave the equation Y = 4.2 +0.72 X (r = 0.38, P < 0.01). 
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Fig. 4. Unbound glucocorticoid activity in serum of infants exposed to 

12 mg and 6 mg betamethasone regimens. Levels at various times after 

treatment were estimated using data in Figures 1-3 and in Reference 7. 

Unbound betamethasone is assumed to be 47% of the total level (7) and 

the percentage of cortisol unbound was determined by the charcoal assay 

and consideration of albumin binding as described in Methods. 
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Fig. 5. DHEAS concentrations in cord serum of infants delivering at 
various times after exposure to 6 mg doses of betamethasone. Data for 64 

infants of the 6 mg &oup treated for >24 hr are plotted as the time from 

the last injection to delivery. The regression equation is Y = 43.3 + 10.5 

X with r = 0.45 ( P  < 0.01). The DHEAS level in 45 untreated infants is 

123.5 + 14.3 pg/dl. The mean gestational age for the 6 mg group and 

untreated group was 33.3 + 0.3 and 33.1 f 0.38 wk, respectively. 

For the 6-mg betamethasone regimen, the data were calculated 
for 12-hr intervals, because fewer samples were available. It is 
apparent from Figure 4 that the mean level of unbound corticoid 
activity during the first 2 days of treatment is similar for the two 
treatment schedules. As with the 12-mg regimen, serum glucocor- 
ticoid activity falls below the preinjection level before eventually 
returning to normal. Thus, the two treatment protocols that have 
been compared seem to give a similar pattern of fetal exposure to 
elevated and, subsequently, suppressed corticoid levels. 

DHEAS CONCENTRATION IN CORD SERUM OF THE 6 MG GROUP 

It was of interest to examine the effect of betamethasone therapy 
on the levels of DHEAS, the major steroid secreted by the fetal 
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zone of the adrenal. Figure 5 presents data from 64 infants treated 
with 6 mg doses of betamethisone who delivered at various times 
(at least 24 hr) aftec treatment. By regression analysis, the steroid 
levels are significantly depressed with a value at the Y intercept of 
43.3 &dl vs. a level of 123.5 +- 14.3 &dl in 45 untreated infants 
of a similar gestational age distribution. In data not shown, we 
found, as did Noguchi et al. (31), no effect of gestational age on 
cord levels of DHEAS in 52 untreated infants between 26 to 40 
wk of gestation. For treated infants, DHEAS concentrations re- 
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Fig. 6. Growth hormone levels in cord serum of infants delivered at 

various times after maternal treatment with either 6 mg or 12 mg beta- 

methasone. A )  Infants of gestational age 28<32 wk. Data for 42 treated 
infants are plotted as hr after last dose of steroid; the mean level is 15.9 
+ 2.05 ng/ml for all treated infants vs. 34.9 + 6.7 ng/ml ( P  < 0.001) for 
12 untreated infants of the same gestational age. Two additional infants 

(not shown) had levels of 63.3 and 46.7 ng/ml at 108 and 192 hr after 
treatment, respectively. B) Infants of gestational age 32-34 wk. Data for 
48 treated infants and 27 untreated infants (mean 17.9 + 1.92 ng/ml) are 
shown. The regression equation is Y = 10.3 + 0.26 X with r = 0.5 (P < 
0.01). C) Infants of gestational age 35 and 36 wk. Data for 37 treated 
infants and 19 untreated infants (mean 17.8 + 2.4 ng/ml) are shown. The 

regression equation is Y = 12.2 + 0.28 X with r = 0.46 ( P  < 0.01). 

Table 1. Cortisol levels in premature infants exposed to 
neonatal stress 

Serum Cortisol (&dl) 

Betamethasone- 

Stress treated infants 

Intrapartum asphyxia' (n) ( 14) 
Level at birth 3.3 & 0.43 

Mean level at 1-2 hi" 8.2 + 1.23 

RDS (n) (13) 

Level at birth 4.0 + 0.60 
Peak level in first 2 days3 22.4 + 3.72 

Untreated 

infants P 

(19) 
7.3 + 0.7 1 < 0.05 

14.8 * 1.85 < 0.05 

Mean + SE Apgar scores at 1 and 5 min were 1.6 + 0.3 and 5.2 f 0.9, 
respectively, for betamethasone-treated infants, and 1.6 + 0.2 and 5.6 + 
0.4, respectively, for untreated infants. 
' Mean value for 2-4 determinations. 

Maximal value found in serial determinations. 

turned to the untreated level by about 7% days after the last dose 
of betamethasone. 

GROWTH HORMONE CONCENTRATION IN CORD SERUM 

Figure 6 presents data for the level of growth hormone in cord 
serum of infants exposed to either 12 mg or 6 mg betamethasone 
treatment. Because growth hormone levels decline during the last 
trimester (20), the data are presented by intervals of gestational 
age. For 42 treated infants of 28<32 wk of gestation (Fig. 6A), the 
mean level was 15.9 k 2.05 ng/ml which was significantly less (P 
< 0.001) than the level of 34.9 + 6.6 ng/ml in 12 untreated infants. 
With the possible exception of two high values in infants receiving 
6 mg betamethasone, there was no apparent difference in values 
between infants of the 6 and the 12 mg groups. There was no 
significant regression (r = 0.04) for the interval between 0-100 hr 
after treatment. Two additional infants (not shown) had concen- 
trations within the normal range (63.3 and 46.7 ng/ml) at 108 and 
192 hr, respectively. 

Fig. 6B shows a similar analysis of growth hormone for infants 
of 32-34 wk of gestation. The mean level for treated infants was 
not significantly different from the untreated group. However, a 
significant regression was noted for these data, suggesting sup- 
pression of growth hormone levels shortly after treatment with an 
increase by 80-90 hr to higher values. Six infants delivering 192- 
235 hr after treatment showed values within the normal range. 

A similar pattern is found for growth hormone in treated infants 
of 35 to 36 wk of gestation (Fig. 6C). Although the mean concen- 
tration was not significantly different from the untreated value, 
the regression line intercepts the Y axis at a value of 12.2 compared 
with the mean level in the untreated infants of 17.8. Most values 
in infants 40 hr after treatment are above the mean for the 
untreated infants, while five samples obtained 147-240 hr after 
treatment are within the normal range. 

PROLACTIN CONCENTRATION IN CORD SERUM 

We also looked for an effect of betamethasone therapy on the 
concentration of cord prolactin. Because RDS in premature in- 
fants is associated with lower prolactin concentrations in card 
serum (17), analysis was limited to infants without RDS. Prolactin 
concentrations in infants who delivered t 8  days after therapy 
(both 6 and 12 mg groups) of 28<32 and 32<35 wk of gestation 
were 72.6 f 10.07 ng/ml (n = 22) and 134.5 + 10.5 ng/ml (n = 

54), respectively; corresponding values in the untreated group 
were 75.5 f 33 ng/ml (n = 7) and 161.8 f 18.9 ng/ml (n = 23). 
The mean prolactin concentrations for treated infants were not 
significantly different from the untreated populations, and there 
was no trend in serum levels associated with the interval after 
therapy. 
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CORTISOL LEVELS IN RESPONSE T O  STRESS AFTER BIRTH 

To evaluate the responsiveness of the pituitary-adrenal axis in 
treated infants, we determined cortisol levels after birth in infants 
who were stressed by either intrapartum asphyxia or RDS (Table 
I ) .  All of these treated infants delivered within 60 hr of maternal 
treatment with 12 mg of betamethasone, and all had suppressed 
cortisol levels at birth. Cortisol increased after birth in 13 of 14 
treated infants with asphyxia and in all untreated asphyxiated 
infants. The increment in cortisol concentration was 4.9 pg/dl for 
treated infants and 7.5 pg/dl for untreated infants (NS). Cortisol 
levels increased during the first 2 days of life in all infants who 
developed RDS. The increment in cortisol concentration was 18.4 
pg/dl for treated infants and 23 &dl for untreated babies (NS). 
A similar pattern of increase occurred in both groups; the mean 
time for obtaining highest values was 25 and 20.2 hr in treated 
and untreated infants, respectively. 

DISCUSSION 

Previous reports from this laboratory (5, 7) and elsewhere (16, 
34, 38) indicated that prenatal steroid therapy reduces the concen- 
tration of cortisol in cord blood to 24-46% of control levels. The 
present report further defines this suppression. Fetal cortisol con- 
centrations begin to decrease within approximately 6 hr of the first 
dose of 12 mg betamethasone and are lowest immediately after 
the second dose. The unbound cortisol concentration at this time 
is 0.9 pg/dl compared to 2.2 pg/dl in untreated infants, indicating 
a reduction of 59%. Cortisol begins to increase by 24 hr after 
treatment and is within the normal range by 7 days. The decrease 
in fetal cortisol with 6 mg betamethasone is somewhat slower, but 
the degree of suppression and recovery rate are similar to that 
with the 12 mg dose. 

These resu1.t~ for cord blood differ from those reported for the 
maternal circulation in which cortisol concentrations decrease to 
10% of preinjection levels and return to normal by 3 days after the 
last dose of betamethasone (7, 24, 30). The greater suppression in 
maternal serum is consistent with the 3-fold higher concentrations 
of betamethasone in the mother (7). Betamethasone is not detected 
in either maternal or cord serum by 2 days after the dose (7), 
suggesting that the slower increase in cortisol concentrations in 
the fetus is due to a slower recovery of fetal pituitary-adrenal 
function rather than longer exposure to synthetic steroid. It is also 
possible that serum levels of glucocorticoid do not accurately 
reflect levels in the pituitary (and other tissues) of the fetus. 

Infants receiving prenatal therapy also had lower serum con- 
centrations of DHEAS. Cord levels after the second dose of 
betamethasone were 35% of controls, and recovery occurred at the 
same rate as for fetal cortisol. A similar suppression of cord 
DHEAS in term infants after prenatal cortisol treatment is re- 
ported by Simmer et al. (36). The findings thus indicate that there 
is a similar pattern of suppression and recovery of steroids pro- 
duced by both the definitive and fetal zones of the fetal adrenal. 
This suggests that betamethasone suppresses pituitary hormone(s) 
which regulate both zones of the fetal adrenal. 

It has been reported that maternal plasma concentrations of 
estrone (32), 17 P-estradiol (30, 32), and estriol (30) all decrease 
with prenatal betamethasone treatment. Levels decrease to 29- 
38% of control and return to the normal range by 6 or more days 
after the last injection. The similar degree of~sup~ression and rAe 
of recoverv of DHEAS re~orted above is consistent with the 
precursor role of this fetal steroid in the synthesis of estrogens 
within the placenta. 

The suppression of fetal and newborn cortisol levels associated 
with betamethasone treatment raised the question of adrenocor- 
tical responsiveness in the neonatal period. Among 27 treated 
premature infants with low cortisol concentrations at birth, cortisol 
increased in all infants except one in response to the stress of 
asphyxia or RDS. The one infant without an increase in cortisol 
was transiently asphyxiated at birth (Apgar score of I and 9). This 
male infant (28 wk of gestation and 1100 g) did well clinically and 

had normal cortisol concentrations by the 3rd day of life as 
described above. Sybulski (38) also noted a rise in plasma cortisol 
in 2 treated infants with RDS, and Ohrlander et al. (33) demon- 
strated an increase of cortisol after injection of ACTH to infants 
who delivered < I  wk after betamethasone treatment. These com- 
bined results indicate that prenatal betamethasone therapy does 
not interfere with the premature infant's adrenocorticol response 
to stress after birth. 

The original protocol of Liggins and Howie (24) for prophylactic 
steroid therapy utilized injection of 6 mg betamethasone phos- 
phate and 6 mg betamethasone acetate given twice 24 hr apart. In 
an attempt to define the optimal treatment regimen, a trial of 
more frequent injections of a lower dose of betamethasone (6 mg 
every 12 hr) has been carried out by Liggins. It was found that the 
concentrations of betamethasone after 6 mg of betamethasone 
alcohol are generally lower than observed with 12 mg of the 
phosphate and acetate forms (7). From planimetry analysis of the 
data of Figure 4, it was estimated that the 6 mg dose provides the 
fetus at least 75% of the unbound serum glucocorticoid activity 
obtained with the 12-mg regimen; the total time that the fetus is 
exposed to elevated levels is also similar. Assuming that the 
response of the fetal lung is approximately proportional to the 
concentration of unbound serum steroid within the ranges of 
glucocorticoid activity encountered here, we would predict similar 
effectiveness of the 6 mg and 12 mg betamethasone protocols in 
prevention of RDS. 

Steroid-induced lung development may be a reversible process 
in very small infants (23). A longer treatment interval might 
improve the outcome for infants that are not delivered within 2% 
days of the first dose of betamethasone, because infants remaining 
in utero beyond this time are exposed to lower levels of serum 
glucocorticoid activity than before treatment. However, the pos- 
sible benefits of more prolonged therapy, such as used by Caspi 
et al. (lo), must be weighed against the possible hazards of a 
longer exposure to elevated steroid levels. 

An unexpected finding in this study was the lower concentration 
of growth hormone in cord blood of treated infants. Suppression 
was evident within a few hr of steroid treatment, but the extent 
and course of the effect varied with gestational age. The mean 
growth hormone concentration in infants of 2 8 ~ 3 2  wk was sup- 
pressed by 54% compared with maximal suppression of 43 and 
32% in the older groups. No upward trend occurred within 100 hr 
of the betamethasone dose in the 28<32 wk group, while a 
significant positive regression was evident over the same period in 
older infants. In addition, there is an apparent rebound of hor- 
mone concentrations above normal in the larger infants. 

Glucocorticoids suppress growth hormone secretion in adults 
during insulin-induced hypoglycemia (15, 18,29) and during sleep 
(27). The degree of suppression is related to both the dose and 
duration of steroid treatment (15, 41). However, children appear 
to be less sensitive to suppression of growth hormone by both 
exogenous and endogenous glucocorticoids (26,35,37). The pres- 
ent study provides evidence that glucocorticoids can suppress 
growth hormone during fetal life. Unlike the effect of glucocorti- 
coids seen in adults, betamethasone therapy of the fetus suppresses 
the basal concentration of growth hormone. The degree of sup- 
pression was greater in the less mature infants who had higher 
concentrations of growth hormone, and the suppression appeared 
to be more persistent in these infants. The higher growth hormone 
concentrations of the fetus compared to the adult are not due to 
differences in metabolic clearance rate, (12), but have been pos- 
tulated to result from immaturity of hypothalamic regulation of 
growth hormone secretion (19, 20). The ability of glucocorticoids 
to suppress growth hormone in the fetus but not in the child may 
result from this immaturity of hypothalamic regulation of fetal 
growth hormone secretion. 

The transient decrease in serum growth hormone after prenatal 
steroid therapy is unlikely to be physiologically important for the 
fetus. Growth hormone is apparently not essential for growth of 
the human fetus; infants born with familial growth hormone 
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deficiency or with pituitary agenesis have a normal length at birth 22. Liggins. G. C.: The influence of the fetal hypothalamus and pituitary on growth. 

(22, 25). While neonatal growth hormone deficiency has been In: K. Elliot and J. Knight: Size at Birth. (Elsevier-Excerpta Medica. North 
Holland. Amsterdam, 1974) pp. 165-182. associated with (25), there have been no of 23. Liggins. G. C.: Prenatal glucocorticoid treatment: Prevention of respiratory 

an increased incidence of hypoglycemia in newborn infants who distress syndrome. In: T. D. Moore: Lung Maturation and Prevention of 

received prenatal glucocorticoid thera~v (3). Hyaline Membrane Disease. Report of the Seventieth Ross Conference on 
1, - ,  

As noied in thTs study and previously (2, 17, 42), prolactin 
concentrations in cord serum increase during the third trimester. 
Whereas glucocorticoid treatment of adults is reported to suppress 
both basal prolactin concentrations and prolactin release after 
hypoglycemia (l l) ,  it was found in the present study that fetal 
prolactin levels were not affected by betamethasone administra- 
tion. 
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