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The aim of this study was to compare in vivo effects of single
and repetitive doses of betamethasone (BETA) and dexametha-
sone (DEX) administered to pregnant mice on lung maturation
and lung, liver, and body weights (LLBW) of their pups. One
hundred and eighty gravid Swiss albino mice were randomly
assigned to 1 of 6 groups (n � 30) and administered either
BETA, DEX, or saline as a single dose at 14 d gestation or
repetitive doses twice daily at 14 and 15 d gestation. All the study
groups were then divided into three sets (n � 10). The mice in
the second sets were redivided into three subsets randomly
(including four, three, and three mice). All gestations in the first
sets were terminated at 16.5 d gestation to observe the neonatal
breathing pattern (scale to 0–5; 5 is unlabored breathing) of male
and female pups whereas other sets had normal delivery. The
pups in first, second, and third sets were killed for evaluation in
the first set after the evaluation of breathing pattern, in the
subsets of second set on postnatal d 1, 3, and 5, and in the third
set on postnatal d 90. We recorded maternal body weights at 0
and 16.5 d gestation, and LLBW, the lung/body weight ratio of
pups, sex, and the amount of live and dead births per litter. Pups
exposed to BETA and DEX had significantly lower maternal
weight compared with the saline groups. The death litter size was
significantly higher in pups exposed to repetitive doses of DEX
than the other treatments. Sex had no significant effect on
breathing score and LLBW. Pups exposed to repetitive doses of

BETA and DEX presented a higher breathing score than the
other groups. The breathing score was significantly higher with
BETA than DEX after their repetitive use. The LLBW were
significantly less in the treatment groups, especially in the group
exposed to repetitive doses of DEX. In conclusion, repetitive
doses of BETA and DEX lead to increased fetal lung maturation,
but this may be at the expense of fetal and neonatal growth. DEX
is less potent in accelerating lung maturation than BETA but it
causes more reduction in fetal and neonatal growth. (Pediatr Res
53: 98–103, 2003)

Abbreviations
SB, single dose of betamethasone
RB, repetitive doses of betamethasone
SD, single dose of dexamethasone
RD, repetitive doses of dexamethasone
SS, single dose of saline
RS, repetitive doses of saline
BETA, betamethasone
DEX, dexamethasone
GC, glucocorticoid
BS, breathing score
LM, lung maturation
LLBW, lung, liver, and body weights

Prenatal GC therapy is routinely used to improve infant
outcome after preterm birth, although a number of questions
regarding its clinical use could not be answered with available
experimental and clinical literature (1). Crowley et al. (2)
indicate that prenatal GC therapy is optimally effective if the
treatment-to-delivery interval is 24 h to 7 d (3). Many fetuses
at risk of preterm delivery do not deliver within 7 d of initial

GC treatment. As a result, obstetricians are frequently admin-
istering repetitive courses of maternal GC therapy at 7-d
intervals to achieve a maximal fetal response in pregnancies
with early preterm labor (�32 wk) (4, 5), although there are no
randomized controlled trial data to support this practice.

Despite the widespread use of antenatal corticosteroid ther-
apy in obstetric practice, little is known about the effects of
synthetic GC on the fetal tissues. Some effects of prenatal GC
use on lung structure (6), somatic growth, brain maturation (7),
and adrenocorticoid function (8) after repeated GC treatments
can persist until delivery at term. At this time, having over-
come the immediate issue of LM and survivability, the im-
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provement of treatment protocols continues. Therefore, ques-
tions currently being asked are directed at the side effects from
such treatment, in particular, from repeated dosing, which have
already stated that it has not been sufficiently addressed. Stud-
ies from the 1970s demonstrated decreased fetal growth and
weight in rats (9, 10), rabbits (11), and humans (12) after
antenatal corticosteroid use. However, few studies compared
the effect of both BETA and DEX on fetal LLBW (13).

The aim of this study was to investigate in vivo effects of
single or repetitive doses of BETA and DEX administered to
pregnant mice near the end of the last third of the gestation
period on fetal LM and LLBW of their pups.

MATERIALS AND METHODS

Animals. All procedures were approved and performed un-
der the guidelines of the Animal Care and Use Committee of
Cumhuriyet University School of Medicine. Experiments were
carried out on Swiss albino female mice (26–33 g body
weight) maintained in individual cages under controlled tem-
perature (21–23°C), a relative humidity of 60–65%, and day
light, and fed ad libitum. Each mouse was assigned an identi-
fication pairing number before mating. Attempts at conception
were undertaken for up to 5 consecutive days (one estrus
cycle). The timed conception was identified as gestational d 0
by the presence of a copulatory plug during a 2-h exposure
(0900–1100 h) with the male. The pregnant females were then
housed individually throughout gestation.

At 13 d gestation, the gravid mice (n � 180) were randomly
assigned to one of the six treatment groups: SB, RB, SD, RD,
SS, and RS groups. Each group was then divided into three sets
of 10 mice randomly. We recorded body weights of all mice at
0 and 16.5 d gestation. Mice with a litter size smaller than two
were excluded.

Fetal treatments. We used mouse model of Stewart et al.
(14). to investigate the effect of BETA and DEX on LM and
LLBW of mouse pups. Doses of BETA and DEX from previ-
ous studies of Stewart et al. (14) and Christiensen et al. (15),
respectively, were given as single or repetitive doses of BETA
or DEX. We used BETA (Celestone Chronodose; Eczacibasi
Pharmaceuticals Co., Istanbul, Turkey) and DEX (Deksamet;
Biosel Pharmaceuticals Co., Istanbul, Turkey) formulations,
used in animal and human investigations, composed of an
equivalent molar weight mixture of the sodium phosphate and
acetate forms (16, 17). The 6 mg/mL solution of BETA and 8
mg/mL solution of DEX were diluted with 0.9% sodium
chloride solution to prepare a 0.1-mg dose in 0.25 mL. These
doses of BETA and DEX have been shown to accelerate fetal
lung maturity without impairing fetal survival or weight gain
(15) are the most common formulations used clinically.

Each mouse received either saline (0.9% sodium chloride) or
BETA or DEX as a 0.25-mL dose drawn into 1-mL syringes.
A 25-gauge needle was used for subcutaneous injection into
the nuchal fold. We administered single dose of BETA, DEX,
and saline solution at 0900 h at 14 d gestation in the SB, SD,
and SS groups, respectively, and repetitive doses of BETA,
DEX, or saline solution twice daily (0900 h/2100 h) at 14 and
15 d gestation in the RB, RD, and RS, respectively.

Postnatal measurements. In the first set of all the groups,
the gravid mice (n � 60) were killed by cervical dislocation at
16.5 d gestation. The pups, removed by immediate hysterot-
omy, were placed on a filter paper moistened at 37°C. Lung
maturity was evaluated with a previously established technique
designed to characterize breathing effort by the study of Chris-
tensen et al. (15). Each pup’s breathing motion was observed
for 1 min by the same investigator (T.G.), who was blinded to
the treatment. We used a scoring assignment according to the
respiratory pattern: 0, no breathing; 1, gasping; 2, gasping/
labored breathing; 3, labored breathing; 4, labored breathing/
unlabored breathing; 5, unlabored breathing. Gasping was
characterized as isolated breathing with the mouth opened and
the neck extended. Labored breathing involved abdominal and
extremity movement, whereas unlabored breathing required
chest motion only. After BS test, the pups of the first set were
killed for evaluation.

Beginning at 18.5 d gestation, the gravid mice in the second
and third sets were checked twice daily for the presence or
absence of any litters and we waited for their delivery in term
gestation. The mice in the second set of all the groups were
redivided into three subsets randomly (including four, three,
and three mice) and we killed their pups for evaluation on
postnatal d 1, 3, and 5, respectively. The pups of third set of all
the groups were killed for evaluation on postnatal d 90. The
amount of live and dead births per litter, LLBW, the lung/body
weight ratio, and the sex of pups were determined at the
appropriate time according to the set and subsets of all the
groups.

Statistical analysis. The effect of antenatal treatment on
prenatal and postnatal parameters was examined by one- or
two-way GLM univariate ANOVA. Where the difference be-
tween treatment groups was significant, post hoc pair-wise
comparisons between study groups were performed using
Tukey HSD multiple comparisons test. With a special feature
of this post hoc test, the study groups were classified into
homogeneous subsets and these subsets were shown from “a”
to “f” letters where appropriate in data presentations. Sex ratio
of pups in study groups was compared by �2 test. Statistical
significance was accepted at p � 0.05.

RESULTS

We found no significant difference in maternal weights at 0 d
gestation among study groups (Table 1). Although the maternal
weight increases during pregnancy, at 16.5 d gestation, mice
exposed to BETA and DEX, especially in the RD group, had
significantly lower maternal weight compared with the saline
groups, respectively (p � 0.05; Table 1). There was no signif-
icant difference in the sex ratio and live litter size among the
study groups, although the live litter size was lower in RD
group (p � 0.05; Table 1). The death litter size of RD group
was significantly higher than that of the other groups (p �
0.05; Table 1).

Comparison of the BS of the first set of study groups were
performed after pups’ sex and study group were given as two
factors in the ANOVA test; and the factor of study group only
presented significant effect on the BS (p � 0.05; Fig. 1). Later,
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BS of female and male pups were compared separately. The
BS of female and male pups was significantly higher in the four
treatment groups compared with the saline groups (p � 0.05).
There was significantly higher BS of female and male pups in
the repetitive GC-exposed groups than the single GC-exposed
groups (p � 0.05). The BS of female and male pups in the SB
and RB groups was significantly higher than that of the SD and
RD groups, respectively (p � 0.05). In the four treatment
groups, the male pups had higher BS than that of the female
ones (p � 0.05), but it did not reach statistical significance.

Figures 2 and 3 illustrate LLBW of female and male pups,
respectively, in the first sets and the subsets of the second sets
of study groups. Table 2 presents LLBW of female and male
pups in the third sets of study groups. Table 3 shows lung/body
weight ratio of female and male pups in all the sets of study
groups. Although we found no significant difference in these
findings with respect to sex, they were usually higher in male
pups. These findings generally were significantly lower in SB
and SD groups, and RB and RD groups than those of the SS
and RS groups, respectively (p � 0.05). When pups exposed to
the single and repetitive doses of DEX, these findings usually
were significantly lower than those of pups given the single and

repetitive doses BETA, respectively (p � 0.05). The LLBW of
male pups in RB and RD groups were significantly lower than
those of male pups in saline groups at birth (p � 0.05). These
reductions was persisted into the young adult period (postnatal
d 90); however, this was not shown in the females except in
liver weight.

DISCUSSION

This study examined the effects of multiple fetal exposures
to BETA and DEX at approximately 75% of gestation on
postnatal LM and fetal and neonatal growth in doses deter-
mined for simulation of those used clinically for fetal LM.
Repetitive exposures to GC, especially BETA, given twice
daily at 14 and 15 d gestation improved postnatal LM in
prematurely delivered pups at 16.5 d gestation. Repeated doses
of GC, especially DEX, decreased maternal body weight mea-
sured at 16.5 d gestation and LLBW. Their effect on weight
reduction persisted on postnatal d 90. Male pups had increased
LM and LLBW than female ones but this difference was not
reached statistical significance.

Both BETA and DEX appear to be ideal corticosteroids for
enhancing fetal maturation when they are given between 24
and 34 wk gestation. These drugs are similar in structure and
function, have an approximate plasma half-life of 3–5 h and
long biologic half-life of 36–54 h, and cross the placenta in
biologically active forms (18). Both clinical and in vitro evi-
dence suggest that corticosteroid-induced biologic effects on
the fetal lung persist up to 7 d after their use (17, 19). Both
BETA and DEX cross the placenta and are not inactivated to a
major extent by placental enzymes. The only difference be-
tween them is the orientation of a methyl group on position 16.
Although it is hard to explain that such a small difference
between two molecules could have considerable results, the
biologic effects of photoisomerization of the bilirubin molecule
show how a change in orientation can alter its effects. These
drugs modulate the rate of differentiation of numerous fetal
organs, including lung studied in detail (20), heart, liver, skin,
gut, and kidney (17, 21, 22). There is now growing evidence
from a number of studies on different species that fetal expo-
sure to excess GC at critical stages of development also can
have lifelong effects on several systems. Antenatal treatment
with either BETA or DEX at the recommended doses provides
similar physiologic stress level of GC activity in fetal plasma
sufficient to provide a near-maximal occupancy of receptors
and induction of target proteins.

We found that the lung weight was significantly lower after
antenatal exposure to repetitive doses of BETA or DEX rather

Table 1. Maternal weight and live and dead litter size of all the study groups

SB RB SD RD SS RS

Maternal weight (g)
Gestational d 0 28.96 � 2.09 28.53 � 1.65 28.57 � 1.61 28.83 � 2.23 28.66 � 2.14 28.50 � 1.76
Gestational d 16.5 47.10 � 4.38a,b 46.87 � 3.40a,b 46.30 � 3.68a,b 45.60 � 3.84a 48.67 � 2.97b 48.57 � 3.72b

Litter size
Live 5.53 � 2.83 5.73 � 2.91 5.73 � 2.62 5.40 � 2.65 5.67 � 2.41 5.83 � 2.45
Death 0.20 � 0.07c 0.46 � 0.12c,d 0.30 � 0.08c,d 0.70 � 0.16d 0.17 � 0.07c 0.10 � 0.07c

Study groups were classified into homogeneous subsets shown with “a” and “b” letters according to maternal weight at 16.5 d gestation and “c” and “d” letters
according to death litter size with Tukey HSD multiple comparisons test (p � 0.05). Data were presented as mean � SEM.

Figure 1. BS of male and female pups delivered at 16.5 d gestation in the first
set (n � 10) of the six study groups. There was no significant difference
between the male and female sets (p � 0.05); however, the male and female
sets were analyzed separately and it was found that there were significant
differences among the sets within the female and male groups (p � 0.05). For
the female sets, the letters a, b, c, and d were used to designate significance.
Sets with the same letter were not significantly different; sets with different
letters were significantly different (p � 0.05). Similarly, the letters e, f, g, and
h were used for the male group with the same interpretation. Comparison of
sets used the Tukey HSD multiple comparison test. Data are presented as mean
� SD.
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than their single doses. When comparing the two treatment
groups, it was observed that DEX markedly reduced the lung
weight more than BETA. The reduced lung/body weight ratios
further demonstrate the relative loss of lung tissue mass. This
reduced weight, evident in both sexes, was not reversible and
persisted in the young adults, although the relative lung/body
weight ratios tended to normalize. The reduced lung weight
after exposure to the single dose of BETA was reversed in the

young adults, but their effect after repetitive use persisted.
These findings are in accord with the study of Stewart et al.
(14). Willet et al. (23) reported that the most striking effect of
antenatal use of BETA was a marked reduction in alveolar
number by inhibiting alveolar septation in animals treated at
118 or 119 d gestation when alveolar formation is already
underway in fetal sheep. In the study of Corroyer et al. (24),

Figure 2. LLBW of female pups in first and second sets of all the study
groups. Data were presented as mean � SEM. *SB and SD vs SS, ¶RB and RD
vs RS, †SD vs SB, and ‡RD vs RB, p � 0.05.

Figure 3. LLBW of male pups in first and second sets of all the study groups.
Data were presented as mean � SEM. *SB and SD vs SS, ¶RB and RD vs RS,
†SD vs SB, and ‡RD vs RB, p � 0.05.
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newborn rats were given a 4-d treatment with DEX (0.1–0.01
�g/g body weight DEX sodium phosphate daily on d 1–4), or
saline. Morphologically, this treatment caused a significant
thinning of the septa and an acceleration of LM on d 4. They
suggested that GC may accelerate LM by influencing cell cycle
control mechanisms, mainly through impairment of G1 cyclin/
CDK complex activation. Although Stewart et al. (19) found
no long-term differences beyond the immediate perinatal pe-
riod in the growth and development of BETA- or placebo-
exposed mouse pups, Okajima et al. (25) evaluated the influ-
ences of antenatal DEX administration on neonatal lung
development in rats. They administered DEX (0.4 mg/kg ma-
ternal body weight per day) on the 21st d or on the 20th and
21st d of gestation in Sprague Dawley rats. After natural
deliveries, the lungs of the pups 1–60 d of age were obtained
and processed for morphometric analysis. They found that both
groups presented a lower numerical density of alveoli and a
larger mean alveolar radius in 60-d-old pups.

The effect of corticosteroids on the liver weight was similar
to that on lungs. In general, DEX caused a greater reduction in
liver weight than BETA. Several mechanisms for these reduc-
tions have been suggested. This mechanism of growth impair-
ment associated with corticosteroid therapy is thought to be
related to reduced biosynthesis of DNA and RNA as well as
prolonged inhibition of mitosis and cellular activity (12, 26).
This reduced weight also may result, in part, from impaired
function of the placenta after treatment, but may also be a
direct effect of corticosteroids on fetal tissues (27). A previous
study showed that there were no differences between BETA
and control group in brain, lung, kidney, and adrenal weights in
rhesus monkeys (28). However, the mean liver weight of the
BETA-treated fetuses was significantly greater than that of the

control group. They suggested that the increased liver weight is
caused by an elevation in liver glycogen content, however, the
specific mechanism is not known (28). Previous studies in fetal
sheep have found fetal growth retardation after BETA treat-
ment at 104 d gestation (68% of gestation) but not after later in
gestation (29). Antenatal corticosteroids routinely have caused
growth retardation in fetal rodents (30, 31). These species have
short gestations and rapid fetal growth, and a single treatment
will impact significantly.

We found that the body weight of male pups exposed to the
repetitive doses of BETA and DEX was lower than those of
male pups administered saline solution. The reduction in body
weights persisted into the young adult period (postnatal d 90);
however, this was not shown in the females. We speculate that
the cause of this reduction may be the androgen hormone.
Androgens have been found to delay fetal LM, while stimu-
lating fetal lung growth (32). They have concluded the follow-
ing: (1) the sex difference is due to androgen exposure in utero,
(2) androgens promote lung growth, and (3) androgens block
both mesenchymal and epithelial maturation.

Our study is limited by its design; because the preterm
period of mouse gestation is shorter than that of human preg-
nancy, it is not possible to use the repetitive doses of GC in
intervals recommended for humans. In addition, we did not
measure the concentration of BETA and DEX in blood and
investigated organs. Caution is necessary when extrapolating
from animal models to human clinical medicine, but it is
important to point out that the general sequence of growth of
organs shows no species differences between laboratory ani-
mals and humans. Moreover, it is impossible to conduct a
randomized controlled trial of repetitive use of antenatal GC in
humans.

Table 2. LLBW of female and male pups on postnatal d 90

SB RB SD RD SS RS

Female
Lung weight (mg) 189.75 � 7.17 163.66 � 5.98 190.00 � 2.13 166.80 � 4.31 191.17 � 4.19 195.40 � 3.03
Liver weight (mg) 1135.18 � 39.98 1014.66 � 37.72¶ 1158.25 � 11.93 1019.87 � 20.72¶ 1174.00 � 26.25 1167.40 � 15.98
Body weight (g) 21.87 � 0.61 20.60 � 0.69 23.55 � 0.67 21.85 � 0.68 22.05 � 0.67 22.48 � 0.49

Male
Lung weight (mg) 207.75 � 4.39 172.00 � 3.17¶ 201.52 � 3.97 175.22 � 3.43¶ 197.10 � 3.40 205.33 � 1.98
Liver weight (mg) 1229.75 � 11.70 1160 � 12.22¶ 1221.75 � 26.97 1069.55 � 14.77¶‡ 1228.57 � 24.04 1288.00 � 8.42
Body weight (g) 28.95 � 0.52 26.23 � 0.90¶ 28.21 � 0.53 26.40 � 0.68¶ 28.42 � 0.81 29.00 � 0.53

Data were presented as mean � SEM. * SB and SD vs SS, ¶ RB and RD vs RS, † SD vs SB, and ‡ RD vs RB, p � 0.05.

Table 3. Lung/body weight ratio of female and male pups of all the study groups

SB RB SD RD SS RS

Female
16.5 d gestation 3.07 � 0.09* 2.78 � 0.05 3.11 � 0.09* 4.66 � 0.05¶‡ 3.26 � 0.08 2.80 � 0.09
Postnatal d 1 2.03 � 0.05* 1.99 � 0.03¶ 1.93 � 0.08* 1.78 � 0.08¶ 2.40 � 0.03 2.30 � 0.04
Postnatal d 3 2.32 � 0.03 2.14 � 0.07 2.61 � 0.04* 2.36 � 0.05 2.41 � 0.06 2.24 � 0.03
Postnatal d 5 1.98 � 0.05 1.77 � 0.06 1.90 � 0.04 1.77 � 0.06 2.00 � 0.06 1.90 � 0.05
Postnatal d 90 0.87 � 0.03 0.81 � 0.05 0.82 � 0.03 0.78 � 0.03 0.88 � 0.04 0.87 � 0.02

Male
16.5 d gestation 3.05 � 0.12 2.77 � 0.60 3.10 � 0.08 2.79 � 0.50 3.26 � 0.10 2.95 � 0.01
Postnatal d 1 2.25 � 0.07 2.28 � 0.12 2.43 � 0.06 1.76 � 0.08 2.27 � 0.07 2.45 � 0.09
Postnatal d 3 2.39 � 0.09 2.05 � 0.09 2.27 � 0.07 2.22 � 0.01 2.51 � 0.87 2.24 � 0.07
Postnatal d 5 2.00 � 0.07 1.70 � 0.02¶ 1.95 � 0.03 1.79 � 1.06 2.07 � 0.04 1.87 � 0.04
Postnatal d 90 0.72 � 0.02 0.66 � 0.02 0.71 � 0.01 0.67 � 0.02 0.70 � 0.02 0.71 � 0.01

Data were presented as mean � SEM. * SB and SD vs SS, ¶ RB and RD vs RS, † SD vs SB, and ‡ RD vs RB, p � 0.05.
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Our findings provide experimental support for repetitive
treatment courses of antenatal GC for prevention of respiratory
distress syndrome in premature infants. However, possible
benefits from repetitive dosing must be weighed against in-
creased risks for adverse effects. Exposure to exogenous GC
decreases the activity of placental 11�-HSD type 2, which
allows increased passage of high maternal GC to the fetus by
inhibiting the natural “protective” placental barrier to GC,
reduced birth weight, and programmed permanently elevated
GC levels throughout the adult life of the newborn (33–36).

We conclude that DEX is less potent than BETA in accel-
erating fetal lung maturity while causing a greater reduction in
fetal LLBW. Repeated administration of GC, especially DEX,
should be avoided because of their permanent effect on fetal
and neonatal growth. BETA may be preferred in clinical
situations requiring imminent preterm labor. In view of these
known problems of prolonged GC exposure, retreatment
should perhaps be reserved for pregnancies with active labor,
recurring more than 1 wk after the last BETA administration,
with high risk of delivering an infant at 32 wk gestation. Some
aspects of the use of antenatal GC, especially in a repetitive
manner, may require reconsideration in humans.
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