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There are conflicting data from human studies regarding the
ability of exogenous glucocorticoids to stimulate maturation of
the small intestine. The discrepancies may relate to differences in
hormone doses and age administered. To explore this general
concept, we have used a mouse model to determine intestinal
responsiveness to dexamethasone (DEX) at various times during
development. We first showed that trehalase mRNA is a sensitive
marker of intestinal maturation in the mouse; being undetectable
(by Northern blotting) in the prenatal period, expressed at low
levels during the first 2 postnatal weeks and then displaying a
marked increase in the 3rd postnatal week. DEX was unable to
elicit detectable trehalase mRNA in fetal mice, but caused sig-
nificant increases in the postnatal period. The use of a range of
DEX doses (0.0125–2.5 nmol/g BW per day) established that
there is no change in sensitivity between the 1st and 2nd post-
natal weeks, but there is a significant increase in maximal
responsiveness of trehalase mRNA to the hormone. Similar

results were obtained when sucrase-isomaltase mRNA was as-
sayed in the same animals. Thus, in this rodent model, there
appears to be at least three phases in the DEX responsiveness of
the developing intestine: an early phase (prenatal) when DEX is
unable to elicit intestinal maturation; then a phase (first postnatal
week) of modest responsiveness; then a transition to increased
responsiveness. These findings point to the need for careful
attention to dose and age in analyses of glucocorticoid effects in
human infants. (Pediatr Res 49: 782–788, 2001)

Abbreviations
BW, body weight
DEX, dexamethasone
E, prenatal
P, postnatal
NEC, necrotizing enterocolitis

Glucocorticoids have become an important component in the
pharmacologic treatment of prematurity because of their mat-
urational effects on certain tissues. In the lung, for example,
corticosteroid therapy is central to the prevention of respiratory
distress syndrome. Interestingly, several clinical trials using
exogenous glucocorticoids in the treatment of prematurity also
demonstrated a decreased incidence of necrotizing enterocolitis
(NEC) in steroid-treated infants (1–3). In addition, Halac and
coworkers conducted a prospective human study of the effect
of DEX on the incidence of NEC and found a significant
reduction in NEC among neonates receiving either prenatal or
postnatal steroid (4). As NEC is typically associated with
immaturity (5–7), these findings suggest that exogenous glu-
cocorticoid may exert a maturational effect on the intestine.
However, not all trials observed decreased NEC (2). Likewise,
although investigators have found significant maturation of

intestinal motility (8) and permeability (9) in premature infants
whose mothers received prenatal glucocorticoid, another study
reported no effect on lactase maturation (10). The latter in vivo
observation is in contrast to several studies that have shown
elevation of lactase activity in response to glucocorticoid treat-
ment in explant cultures of human fetal intestine (11–13). We
hypothesize that such seemingly disparate results may be
explained by differences in dosages and timing of corticoste-
roid treatment. In the current study we have used a mouse
model to explore these issues.

Numerous studies over the past 4 decades have demon-
strated maturational effects of glucocorticoids on the rodent
intestine (14–17). Among these are several that point to age-
dependent changes in responsiveness of the intestine to exog-
enous glucocorticoids (18–21). As with other hormones, such
changes could reflect differences in sensitivity to low doses or
in maximal responsiveness to saturating doses (22). Thus, a
detailed understanding necessitates the use of a range of hor-
mone doses at each age of interest. To date, most age-related
studies of intestinal responsiveness to glucocorticoid have used
a single dose of hormone (18, 19, 21). In addition, all of the
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prior rodent studies are confounded by the use of natural
glucocorticoids whose circulating concentrations are pro-
foundly influenced by corticosteroid-binding globulin. As the
latter displays marked increases during the first 3 postnatal
weeks (23, 24), a given dose of natural glucocorticoid at early
ages yields very much lower circulating concentrations than
does the same dose at later ages (25). This problem can be
obviated by the use of a synthetic glucocorticoid such as
dexamethasone (DEX), which does not bind to corticosteroid-
binding globulin (26). Thus, a given dose of DEX yields the
same circulating concentration at various developmental stages
(25).

On the basis of the information above, the primary goal of
the current study was to use a range of DEX doses to evaluate
age-related changes in the glucocorticoid responsiveness of
mouse intestine. We have focused our attention on the enzyme
trehalase, a relatively less well-studied enzyme with growing
importance in human nutrition (27–29). Because the develop-
mental pattern of expression of trehalase mRNA has not been
previously reported in mice, we first studied normal maturation
to provide a physiologic context for precocious maturation
elicited by DEX. Finally we compared the behavior of tre-
halase mRNA with that for sucrase-isomaltase mRNA to assess
whether changes in DEX responsiveness are common or
distinct.

MATERIALS AND METHODS

Animals and Tissue Collection

Timed-pregnant C57Bl/6J dams from Jackson Laboratory
(Bar Harbor, ME) were received on the 12th or 13th day of
gestation. They were housed individually in transparent poly-
styrene cages and provided with food (5001 Rodent Diet, PMI
Nutrition International, Brentwood, MO, U.S.A.) and water ad
libitum. Animals quarters were air-conditioned (21 6 1°C) and
maintained on a 12-h light/dark schedule with lights on at
0600 h. On the due date, cages were checked every 3 h for
deliveries, and the birth date was regarded as day 0. On the 2nd
postnatal day, the litters with more than seven pups were culled
to seven pups. Pups remained with their dams for the remain-
der of the experiment. All animal protocols were approved by
our institutional Animal Care and Use Committee. All injec-
tions were made s.c. once a day in the morning after weighing
of the pups. Dexamethasone (DEX) was obtained from Sigma
Chemical Co. (St. Louis, MO). Animals were terminally anes-
thetized with isoflurane for jejunum collection. The intestines
of animals older than postnatal day 12 (P12) were flushed with
ice-cold normal saline. All tissues were placed immediately in
liquid nitrogen and were stored at 280°C.

RNA Isolation and Northern Blotting

Total cellular RNA from the jejunum was isolated using
guanidine isothiocyanate extraction and pelleting through a
cesium chloride cushion as previously described (30). Northern
blots were generated according to a standard procedure (31)
using 10 mg total RNA per lane. Each experiment included an
adult mouse standard, which was a pooled RNA sample con-

taining equal amounts of total RNA prepared from the jejunum
of four C57Bl/6J male mice aged 6 wk. Probes used for
Northern blotting were: rat trehalase cDNA (31), rat sucrase-
isomaltase cDNA (32), mouse sucrase-isomaltase cDNA (Oes-
terreicher et al. unpublished), and mouse b-actin cDNA (33).
The cDNA inserts were 32P-labeled using the random primer
method of Feinberg and Vogelstein (34). Prehybridization and
hybridization were performed with a solution comprising 1
mM EDTA, 0.25M sodium phosphate pH 7.2, 7% SDS and 0.1
mg/mL denatured salmon sperm DNA. Blots were incubated
with prehybridization solution at 65°C for at least 15 min
before incubating with hybridization solution, which included
the 32P-labeled probe. After 16–18 h hybridization at 65°C,
blots were washed twice at 65°C for 15 min in 1 mM EDTA,
20 mM sodium phosphate pH 7.2 and 5% SDS. If the back-
ground radioactivity signal was still high, an additional wash
was performed at 65°C for 15 min in 1 mM EDTA, 20 mM
sodium phosphate pH 7.2 and 1% SDS. Blots were then rinsed
with 0.15 M NaCl/0.015 M sodium citrate. After initial probing
with the cDNA of interest (trehalase or sucrase-isomaltase)
blots were stripped (by heating at 90°C for 20 min with a
solution containing 0.15 M NaCl/0.15 M sodium citrate and
0.5% SDS) and then reprobed with mouse b-actin as a consti-
tutive marker.

Quantitative Analysis

Signals from Northern blots were quantified by phosphorim-
aging. To correct for loading variation, these data were ex-
pressed as a ratio of the hybridization signal of the band of
interest (trehalase or sucrase-isomaltase) to that of the consti-
tutive marker b-actin. This ratio was then expressed as a
percent of adult mouse standard from the same blot. Statistical
significance was assessed by one-way or two-way ANOVA
followed by Fisher’s LSD using Minitab program (Minitab
Inc., PA, U.S.A.). For graphical presentation, values for indi-
vidual animals from each experimental group were calculated
as means 6 SE. The number of animals per group is given in
the figure legends.

Experimental Design

Study 1. Normal Development of Trehalase mRNA in
Mouse Intestine. Small intestinal tissue was collected prena-
tally from three litters of mice and postnatally from four litters.
The prenatal samples were at 15, 17, and 18 d of gestation and
are designated E15, E17, and E18. At these ages the entire
small intestine was used and tissue from four to eight fetuses
was pooled to give sufficient RNA. Multiple litters were used
to give at least two pools of tissue at each age. In the postnatal
period, only the jejunum was collected and at each age a
sample pup was taken from three or four different litters. RNA
extraction and Northern blotting were as described above.

Study 2. Prenatal and Postnatal Responsiveness of Intes-
tinal Trehalase mRNA to Exogenous Glucocorticoid. The
primary rationale for using synthetic glucocorticoid for these
studies has been given in the Introduction. Moreover, DEX is
known to pass through the placenta of mice (35) and thus is
suitable for prenatal administration via the mother. As the goal
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of Study 2 was to delineate appropriate ages for the subsequent
dose response experiment, to minimize the number of mice
used, this study used a single dose of DEX that was expected
to yield maximal responsiveness on the basis of prior data in
rats (36). The effect of DEX at the dose of 1 nmol (0.4 mg)/g
body weight (BW) per day in the prenatal period was assessed
by injecting two pregnant mice daily for 4 d from E14–17 and
collecting the small intestine of fetuses at E18. Small intestine
samples were pooled from 7–9 fetuses per dam. A control
pregnant mouse was uninjected. The postnatal study was per-
formed using DEX at the same dose injected to three mice from
different litters starting at P8 for 3 d. Jejunums were collected
at P11. RNA isolation and Northern blotting were performed as
above.

Study 3. DEX Dose Response of Intestinal Trehalase
mRNA in First and Second Postnatal Weeks. To establish the
dose response to DEX, a littermate design was used. Each litter
was treated as follows: one pup received normal saline as
control, one pup received daily injection of DEX at 0.0125
nmol (0.005 mg)/g BW, one pup received DEX at 0.05 nmol
(0.02 mg)/g BW, one pup received DEX at 0.25 nmol (0.1
mg)/g BW, one pup received DEX at 1nmol (0.4 mg)/g BW,
one pup received DEX at 2.5 nmol (1.0 mg)/g BW and if there
was an extra pup in the litter, this pup was uninjected. Injec-
tions were for 3 d beginning either at P2 (seven litters) or P8
(three litters). The jejunum was collected 1 day following the
last injection (P5 and P11), respectively. The results of unin-
jected and normal saline injected groups were not significantly
different, so data were pooled and are shown as zero dose.

Study 4. DEX Responsiveness of Intestinal Sucrase-
Isomaltase mRNA. RNA samples from Studies 2 and 3 were
re-run and the new Northern blots were probed with rat or
mouse 32P-labeled sucrase-isomaltase cDNA then stripped and
re-probed with b actin.

RESULTS

Study 1. Normal Development of Trehalase mRNA in
Mouse Intestine. The developmental expression of trehalase
mRNA in mouse jejunum was assessed by collecting tissue at
various prenatal and postnatal ages. As shown in Fig. 1A,
Northern blotting revealed an abundant transcript in adult
jejunum (lane 1). The size of this mouse mRNA was estimated
to be approximately 2.3 kb in good agreement with that for
trehalase mRNA in both rats (31) and rabbits (37). Trehalase
mRNA was not detectable in prenatal animals (lanes 2–4) even
after 5-fold longer exposure (not shown). In contrast, low
levels were detected in the early postnatal period. The abun-
dance of trehalase mRNA increased markedly during the 2nd
and 3rd postnatal weeks and appeared to reach adult levels by
P18 (Fig. 1A). Quantitative data from multiple animals at each
age are shown in Fig. 1B. One-way ANOVA showed that the
overall effect of age was highly significant (p , 0.001). Post
hoc analysis revealed that values at P18 and P25 were not
significantly different, indicating that the adult plateau is
reached before the end of the 3rd postnatal week.

Study 2. Prenatal and Postnatal Responsiveness of Intes-
tinal Trehalase mRNA to Exogenous Glucocorticoid. To

delineate the range of ages to be included in the subsequent
dose-response study, a single (high) dose of DEX was admin-
istered in the late fetal period or in the 2nd postnatal week. The
results of Northern blot analysis are shown in Fig. 2. As can be
seen, in the prenatal period, trehalase mRNA was undetectable
in control animals (consistent with the previous study) and
remained undetectable following DEX treatment. In contrast,
in the 2nd postnatal week, low levels were seen for control
animals and there was a marked increase (7-fold) in the levels
of trehalase mRNA in response to DEX (p , 0.001). There
was, in fact, full induction as the 11-day-old mice that had
received glucocorticoid treatment displayed trehalase mRNA
levels as high as those in adult animals.

Study 3. DEX Dose Response of Intestinal Trehalase
mRNA in First and Second Postnatal Weeks. Based on results
of Study 2, subsequent studies were focused on the postnatal
period. To assess potential changes in both sensitivity and
maximal responsiveness, a full range of DEX doses was ad-
ministered during either the 1st or 2nd postnatal week. Daily
weight gain of the pups was monitored to assess general
systemic effects of the hormone treatment. Figure 3A shows
that, as expected (38–40), there was a decrease in weight gain
for pups receiving DEX in the 1st and 2nd postnatal weeks. At
both ages, one-way ANOVA showed the overall effect of DEX

Figure 1. Normal development of trehalase mRNA in mouse intestine. A,
Representative autoradiogram of Northern blot showing signal for trehalase
mRNA, and positions of 18S and 28S rRNA (arrows). Lane 1 (marked S)
shows pooled adult standard, which was included on all blots. Remaining lanes
show RNA collected at the prenatal and postnatal ages indicated. Prenatal ages
are shown as days post-fertilization and postnatal ages are shown as days after
birth. B, Quantitative data from all samples shown as means 6 SEM for three
to four pups at each age. Lack of error bars indicates that bars are smaller than
the symbol.
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dose to be significant (p , 0.001 in both cases) and post hoc
analyses showed that the suppressive effect of DEX on weight
gain becomes significant at the dose of 0.25 nmol (0.1 mg)/g
BW and plateaus after 1 nmol (0.4 mg)/g BW.

The effects of increasing doses of DEX on the expression of
trehalase mRNA during the 1st and 2nd postnatal weeks are
shown in Fig. 3B. At both ages one-way ANOVA showed the
overall effect of increasing doses of DEX to be highly signif-
icant (p , 0.001 in both cases). Just as with weight gain, post
hoc analyses showed that the increase in trehalase mRNA
becomes significant only at doses $ 0.25 nmol (0.1 mg)/g BW
in both age groups. Thus there appears to be no difference in
the sensitivity to DEX in the 2nd postnatal week as compared
with the 1st postnatal week. In contrast, Fig. 3B shows that the
maximal responsiveness increases markedly during this period
(from 50% adult in the P5 pups to 100% in the P11 pups).
When the effect of age was assessed by two-way ANOVA, the
DEX responsiveness of trehalase mRNA was found to be
significantly greater in the older animals (p , 0.001). There
was also a significant interaction between DEX dose and age (p
, 0.001) further substantiating the influence of age on DEX
responsiveness.

Study 4. DEX Responsiveness of Intestinal Sucrase-
Isomaltase mRNA. To assess whether the lack of DEX respon-
siveness in the prenatal period and the increased DEX respon-
siveness of trehalase mRNA in the 2nd postnatal week is gene
specific or generic, the RNAs collected in Study 2 and Study 3
were analyzed for sucrase-isomaltase mRNA. Just as for tre-
halase mRNA, in the prenatal period, sucrase-isomaltase
mRNA was undetectable by Northern blotting in both control

mice and mice receiving DEX (data not shown). The results for
the postnatal period are shown in Fig. 4. Overall the pattern
was remarkably similar to that for trehalase mRNA with the
response plateauing at the 1 nmol (0.4 mg)/g BW dose and with

Figure 2. Comparison of glucocorticoid responsiveness of trehalase mRNA
in prenatal and postnatal mice. A, Representative Northern blot of prenatal and
postnatal trehalase mRNA comparing control (C) with DEX-treated animals
(D). B, Quantitative data from all samples shown as mean 6 SEM (n 5 3).

Figure 3. DEX dose-response of weight gain and trehalase mRNA in 1st and
2nd postnatal weeks. Animals received the DEX doses shown on lower axis
either during the 1st postnatal week (P2–P4) or during the 2nd postnatal week
(P8–P10). Data shown were collected at P5 and P11, respectively, and are
given as mean 6 SEM. The number of animals in each dosage group was
seven for the P5 experiment and three for the P11 experiment. A, Weight gain
from P2 to P5 (open bars) and from P8 to P11 (solid bars). B, Intestinal
trehalase mRNA at P5 (open bars) and at P11 (solid bars).

Figure 4. DEX dose-response of sucrase-isomaltase (SI) mRNA in 1st and
2nd postnatal weeks. Data are from the same animals as in Fig. 3 and are
depicted in the same way.
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the maximal response in the 2nd week being approximately
double that in the 1st week. Most cogently, the two-way
ANOVA showed a significant effect of both DEX dose and age
(p , 0.001 in both cases) as well as a significant interaction
between the two variables (p , 0.002). Thus, sucrase-
isomaltase mRNA, like trehalase mRNA displays an age-
related increase in the maximal responsiveness to DEX in the
postnatal period.

Despite the similarities noted above, there were also subtle
differences in the response of these two mRNAs to exogenous
glucocorticoid. At both ages the overall responsiveness of
sucrase-isomaltase mRNA was less than that of trehalase
mRNA when compared with the respective adult reference (p
, 0.003 at both ages). Thus, whereas DEX administration in
the 1st postnatal week induced trehalase mRNA to 50% adult
trehalase mRNA levels, the same animals had sucrase-
isomaltase mRNA only at 22% adult sucrase-isomaltase
mRNA levels. Likewise in the 2nd postnatal week DEX elic-
ited higher levels of trehalase mRNA (100% adult) than of
sucrase-isomaltase mRNA (41% adult). Overall these data
indicate that although there is a generic age-related increase in
the intestinal responsiveness to DEX, each mRNA has a char-
acteristic degree of responsiveness as related to adult levels.

DISCUSSION

Glucocorticoids have been routinely used in clinical practice
to prevent diseases of prematurity such as respiratory distress
syndrome. There are reports that corticosteroid treatment may
also reduce the incidence of NEC (1–3). As NEC is typically
associated with immaturity of the intestine (5–7), the implica-
tion is that glucocorticoids enhance intestinal maturation.
However, as delineated in the Introduction, direct assessment
of glucocorticoid effects on specific aspects of intestinal mat-
uration in humans have not yielded a clear picture. Although
rodent intestine may differ from human intestine in the breadth
of its responses to glucocorticoid (15), it is nevertheless a
useful model to address issues related to dose and timing. To
date numerous investigators have reported the ability of glu-
cocorticoids to stimulate intestinal maturation in postnatal
rodents (14–21), but questions regarding potential changes in
either the sensitivity or the maximal responsiveness of the
tissue have remained. The current study has addressed such
questions using expression of trehalase mRNA and sucrase-
isomaltase mRNA as indices of intestinal maturation. Tre-
halase was chosen because it has received the least attention of
any of the disaccharidases, and yet may have growing impor-
tance in view of the proposed use of trehalose as an alternative
sweetener to sucrose in a variety of manufactured foods (27,
28). Sucrase-isomaltase mRNA was compared with trehalase
mRNA to determine whether the glucocorticoid effects are
generic or gene specific.

As there were no data in the literature regarding the expres-
sion of trehalase mRNA in mice, our first goal was to study
untreated animals to delineate the developmental pattern of
trehalase mRNA in mouse intestine. Our results reveal that
trehalase mRNA levels parallel the changes previously re-
ported for trehalase enzyme activity (41) throughout develop-

ment. As in rat (31) and rabbit (42), mouse trehalase mRNA
levels rise significantly in the 3rd postnatal week during the
weaning period. The rise of mouse trehalase mRNA seems to
resemble that of sucrase-isomaltase mRNA (43). Although
neither mRNA was detected in fetal intestine in the current
study using Northern blots, other investigators, using the more
sensitive method of RT-PCR have shown that both trehalase
mRNA (Gartner and Henning, unpublished) and sucrase-
isomaltase mRNA (43) are present at very low levels in the
mouse intestine during the late fetal and early postnatal peri-
ods. Thus, the trehalase and sucrase-isomaltase genes may be
similarly regulated during mouse development since both ap-
pear to be minimally transcribed in the fetal intestine then are
markedly up-regulated during the 3rd postnatal week.

In contrast to the abundance of data demonstrating glucocor-
ticoid responsiveness of rodent intestine in the postnatal period
(14–17), there are conflicting reports relating to the fetal
period. Despite the presence of the glucocorticoid receptor in
fetal rat intestine (44), Lebenthal found no effect of a pharma-
cologic dose of hydrocortisone (50 mg/g BW) on sucrase
activity (45). Using even higher doses of cortisone acetate,
Jumawan et al. (46) observed very modest increases in sucrase
activity (to 3% adult levels). Our study used a DEX dose range
that is in the same range as that used in several clinical trials
(1–3). We did not detect an effect of DEX on fetal mouse
intestinal trehalase mRNA nor on sucrase-isomaltase mRNA
despite the fact that, as noted above, both of these genes are
already being transcribed at this time. Interestingly fetal mouse
intestine in organ culture shows small increases of trehalase,
maltase, and sucrase activities in response to DEX at a con-
centration calculated to be similar to circulating concentrations
in our study (47). Because the increase disaccharidase activity
was seen only in vitro, our inability to measure an in vivo
response may support the existence of a circulating or intralu-
minal factor that can inhibit induction. Alternatively, there may
be a very small in vivo response of fetal mouse intestine that is
below the limit of detection of our Northern blot analysis and
is unlikely to be of functional significance.

Previous studies have shown that trehalase enzyme activity
in mouse small intestine is markedly increased by cortisone
treatment during the 2nd postnatal week (48). The current work
extends this observation to the mRNA level and shows that
significant glucocorticoid responsiveness can also be observed
during the 1st postnatal week. At both ages (Fig. 3), the use of
DEX at a range of doses allowed assessment of both sensitivity
and maximal responsiveness. Comparing the effect of DEX in
the 1st and 2nd postnatal weeks showed no influence of age on
sensitivity to this synthetic glucocorticoid. At both ages the
lowest dose of DEX capable of eliciting a significant increase
in trehalase mRNA or sucrase-isomaltase mRNA was 0.25
nmol (0.1 mg)/g BW/d. These results are quite different from
those in rat using cortisone acetate, which led to the conclusion
that glucocorticoid sensitivity increases between the 1st and
2nd postnatal weeks (20). As noted earlier we believe these rat
data are confounded by the use of a natural steroid that binds
to corticosteroid-binding globulin. Our findings with DEX are
consistent with mediation by the glucocorticoid receptor whose
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constant affinity for a given corticosteroid (44) would result in
tissue sensitivity being unaffected by developmental age.

Contrasting with the sensitivity, our results clearly show
that, for both trehalase mRNA and sucrase-isomaltase mRNA,
maximal responsiveness to DEX increased from the 1st to the
2nd postnatal week. Although developmental changes in glu-
cocorticoid receptor density would provide a possible expla-
nation for the increased maximal responsiveness, a study in rat
demonstrated that the receptor abundance does not increase
from the 1st to the 2nd postnatal week (44). The observed
increases in steady state levels of trehalase mRNA and sucrase-
isomaltase mRNA could reflect an influence of age on either
gene transcription or mRNA stability. Experiments to distin-
guish between these possibilities were beyond the scope of the
current study. Other investigators have shown that for both
mouse trehalase mRNA (49) and rat sucrase-isomaltase mRNA
(50), the levels induced by glucocorticoids in the 2nd postnatal
week can be entirely accounted for by increased transcription.
Regardless of the molecular basis, a plausible cause of the
enhanced DEX responses in older animals may be the increase
of circulating thyroxine that occurs in the 2nd postnatal week
(51). Synergistic effects of DEX and thyroxine on the levels of
rat sucrase-isomaltase mRNA during the 2nd postnatal week
have been shown previously (52, 53).

Although not one of the specific goals of this study, our data
(Fig. 3) showing decreased body weight gain in proportion to
DEX dose confirm prior reports of glucocorticoid inhibition of
growth in postnatal rats (38, 39). Adverse effects of glucocor-
ticoids on body weight have also been previously reported in
prenatal rodents (40, 54) and in postnatal human infants (55–
58). The explanation of the negative effect on growth is
probably multifactoral. Animal studies have shown that glu-
cocorticoid treatment results in decreased DNA and protein
synthesis (35, 39, 40, 54, 56), which may in turn be due to
decreased action of anabolic hormones such as GH, insulin,
and IGF-1 (39, 40, 54, 59). In addition, studies in preterm
babies have shown that DEX treatment has a distinct catabolic
effect on muscle tissue (60). For the purposes of our study, the
most interesting aspect of the weight gain data in Fig. 3 is that
the magnitude of the DEX effects were not influenced by age.
This suggests that the increased responsiveness observed in the
2nd postnatal week for both trehalase mRNA and sucrase-
isomaltase mRNA reflects specific enhancement of glucocor-
ticoid action in the small intestine as compared with other
organs and tissues.

The observed pattern of intestinal responsiveness to DEX
administration during prenatal and postnatal development is
consistent with responses to endogenous glucocorticoid at the
equivalent stages. There are two surges of circulating cortico-
sterone during rodent development: one occurs toward the end
of gestation (61) and the second begins at the end of the 2nd
postnatal week (23, 62). Interestingly, peak levels of cortico-
sterone reported prenatally (61) are at least 4-fold higher than
those observed in the 3rd postnatal week (23, 62). Nevertheless
the intestine shows no prenatal response as judged by the fact
that both trehalase mRNA (Fig. 1) and sucrase-isomaltase
mRNA (43) in the fetal mouse intestine remain below the limit
of detection by Northern blotting. In contrast, in the postnatal

mouse our observed increase in DEX responsiveness in the 2nd
postnatal week correlates with the beginning of the normal
developmental increase of expression of both trehalase mRNA
(Fig. 1) and sucrase-isomaltase mRNA (43).

In addition to the findings reported here regarding lack of
responsiveness to glucocorticoid in the prenatal period and
increasing responsiveness during the 1st and 2nd postnatal
weeks, there is also extensive evidence (15, 16) that the rodent
intestine becomes unresponsive to glucocorticoid from the 3rd
postnatal week onward. Taken together, these data indicate that
during rodent development there is a relatively narrow “win-
dow” during which intestinal maturation can be enhanced by
exogenous glucocorticoid. The possible existence of a similar
window of responsiveness during human development (8) has
important implications both for the interpretation of existing
human studies and the design of future trials. Furthermore, just
as has been postulated for the developing brain (63), it is likely
that different aspects of intestinal function may display distinct
critical windows. Such a scenario would explain the observa-
tion that antenatal corticosteroid was associated with matura-
tion of intestinal permeability (9) but had not effect on lactase
activities (10) in the same group of premature infants. Purpose-
ful inclusion of a range of gestational ages and multiple
markers of intestinal maturation would be desirable features of
future human trials.
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