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ABSTRACT: Intrauterine meconium (MEC) passage and aspiration
may result in significant newborn morbidity, though there is little
understanding of the physiologic mechanisms for MEC passage. We
hypothesized that stress induces fetal MEC passage via corticotro-
phin releasing factor (CRF), a known mediator of colonic motility in
adult rats. Pregnant rats at e22 were subjected to acute hypoxia or
normoxia for 35 min, after which rats were anesthetized and fetuses
operatively delivered. Amniotic fluid bilirubin and intestinal alkaline
phosphatase were measured as markers for MEC passage, and fetal
and maternal plasma CRF and corticosterone levels determined.
Hypoxic stress induced defecation in all dams and provoked visible
MEC passage in all fetuses. Amniotic fluid bilirubin content was
significantly higher in hypoxic fetuses versus controls (1.064 �
0.101 versus 0.103 � 0.003 O.D. at 410 nm) and intestinal alkaline
phosphatase was consistently elevated in MEC stained amniotic fluid.
Hypoxia significantly increased plasma CRF (maternal, 82 � 5 to
196 � 14 pg/mL; fetal, 284 � 15 to 1523 � 185 pg/mL) and
corticosterone (maternal, 417 � 50 to 1150 � 50 ng/mL; fetal, 96 �
5 to 182 � 10 ng/mL) compared with controls. In view of the known
action of CRF in adult colonic motility, these results suggest that
hypoxic stress-mediated MEC passage in term fetal rats is mediated
by a CRF dependent pathway. (Pediatr Res 61: 176–179, 2007)

Newborn MEC passage, a developmentally programmed
event, normally occurs within the first 24–48 h after

birth, though little is known of the regulatory processes. More
than half a million infants born annually in United States are
reported to pass MEC in utero. Five to twelve percent of
infants with amniotic fluid MEC aspirate MEC during intra-
uterine life or labor, contributing to MEC aspiration syndrome
(1) with accompanying respiratory distress and pulmonary
hypertension. In addition to the neonatal effects, in utero,
MEC can stimulate umbilical cord vessel constriction, vascu-
lar necrosis, and thrombi and lead to ischemic cerebral palsy
[see (2) for review]. Four percent of infants with in utero MEC
die from associated sequelae, accounting for 2% of all peri-
natal deaths (3). Despite the significant morbidity and mortal-
ity, little is known of the cascade of events that lead to MEC
passage in the newborn following birth or to the mechanisms
contributing to “premature” MEC passage in utero.

In utero MEC passage rarely occurs before 32 wk of
gestation and most babies with MEC stained amniotic fluid are
37 wk or older (1,4). The incidence of MEC stained amniotic
fluid increases with the gestational age, rarely occurring in
preterm infants (4) though reaching as high as 30% in post-
term pregnancies (5,6). Both gastrointestinal maturation and
stress have been attributed as risk factors for fetal in utero
MEC passage. Evidence in support of “fetal stress” as the
cause for the in utero MEC passage comes from frequent
clinical observation of MEC passage in association with hy-
poxic stress (4,7). An increased incidence of MEC passage
into amniotic fluid in association with perinatal infection
provides further support that fetomaternal stress factors, inde-
pendent of fetal maturation, may trigger in utero MEC passage
(8). However, at present there is no small animal model to
support whether in utero MEC passage is mediated either by
maturation and/or stress dependent pathways.

CRF, a 41 amino acid polypeptide, was the first identified
member of the stress hormone family (9). CRF was originally
isolated from ovine hypothalamus (10) and later established to
be an important regulator of hypothalamo-pituitary-adrenal
axis in a number of species (11–13). CRF is also expressed in
abundant amounts in human placenta with increased amounts
at term (14), and is positively regulated by glucocorticoids
(15,16).

In adult animals and humans, stress is known to increase
colonic motility and defecation (17,18), though only recently
have the role of stress hormones and stress hormone receptors
in stress-mediated defecation been elucidated (19–21). In
adult rats, both peripheral and central administration of CRF
has been shown to induce defecation during time of stress
(20,22). The motility and defecation provoked by peripheral
and central CRF mimic those induced by acute stress (23–25).

In the present study, we tested the hypothesis that stress-
induced in utero MEC passage in the fetus is analogous to
stress-induced defecation in adult rats, and likely mediated by
CRF pathway. We tested our hypothesis using an acute hy-
poxic stress paradigm in term fetal rats.

MATERIALS AND METHODS

Animals. Time-dated Sprague-Dawley pregnant rats of 14 d gestation
(term � 22 d; Harlan, San Diego, CA) were housed individually and
maintained on a standard diet and water ad libitum in a controlled environ-
ment (0600–1800 h lights on). A total of 24 pregnant rats were used in this
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study. Approval for the study was obtained from the Institutional Animal Care
and Review Committee.

Experimental technique. For hypoxic stress induction, pregnant rats on d
22 of gestation were placed in a Plexiglas chamber (18” � 10” � 10”) fitted
with a flow-through system and perfused with a gas mixture of 3% O2, 5%
CO2 and balanced nitrogen. Oxygen flow was adjusted in a stepwise fashion
to decrease the oxygen content from 21% to 16% to 12% to 8%. Rats were
maintained for 5 min each at 16% and 12% oxygen, after which they were
exposed to 8% oxygen for 25 min before sacrifice. Changes in oxygen content
were instituted over a 2-min period. The oxygen concentration of the chamber
was monitored through an outlet fitted with an oxygen analyzer (Nellcor,
Mallinckrodt, Hazelwood, MO). Control rats were exposed to 21% oxygen in
an identical chamber for a similar duration. At the end of experimental period,
fecal pellets expelled by hypoxic and normoxic pregnant rats were counted,
after which rats were rapidly anesthetized by exposure to isoflurane. The
abdomen was quickly opened, and the uterine horns with fetuses exteriorized
and examined for in utero MEC passage as visible through the uterus.

Individual fetal sacs were carefully removed, membranes surrounding the
fetus opened, and amniotic fluids collected using a 1-mL plastic syringe. The
fluids were transferred to Microfuge tubes and placed on ice during collection.
The tubes were later centrifuged at 13,000 rpm for 20 min to obtain cell-free
amniotic fluid. Fetal heads were decapitated and trunk blood collected using
heparinized borosilicate capillary tubes (CardinalHealth, Dublin, OH). The
capillary tubes were transferred to plastic tubes and centrifuged to obtain
plasma, which was stored at –80°C in presence of aprotinin until hormone
assays performed. Placental tissues were harvested at sacrifice, snap frozen in
liquid nitrogen, and later processed for CRF quantification. Following the
removal of the uterine horn with fetuses, maternal blood was collected via
cardiac puncture and placed in centrifuge tubes containing EDTA and apro-
tinin. Samples were centrifuged and plasma separated for hormonal quanti-
fication. At the end of the study, maternal rats were euthanized with excess
isoflurane and disposed.

MEC quantification. MEC passage was quantified by the amniotic fluid
bilirubin content determined by spectrophotometric absorption at 410 nm (26)
and expressed as OD per milliliter of amniotic fluid. In addition, pooled
amniotic fluids were examined for the presence of intestinal alkaline phos-
phatase, as a marker for the bulk movement of intestinal content, by Western
blot analysis as detailed below.

Western blotting. Briefly, aliquots of pooled amniotic fluid collected from
control and hypoxic fetuses were mixed with saline (1:3). An aliquot was
mixed with equal volumes of 2� Laemmli’s electrophoretic sample buffer,
heated in a boiling water bath for 5min, cooled and centrifuged. The super-
natants (35 �L per well) were subjected to SDS-PAGE and proteins resolved
on a 7.5% separating gel. Prestained Bio-Rad molecular weight markers were
co-run with samples. Proteins were transferred to Immun-blot PVDF mem-
brane (Bio-Rad, Hercules, CA) and immunoblotted with a rabbit polyclonal
antiserum (1:2000) to bovine intestinal alkaline phosphatase (Sigma
Chemical Co., St. Louis, MO). Immunoreactive bands identified by chemi-
luminescence using SuperSignal West Pico Chemiluminescent substrate
(Pierce, Rockford, IL).

CRF-RIA. Plasma and placental CRF concentrations were quantified using
CRF-RIA kit (Peninsula Laboratories, San Carlos, CA). Briefly, CRF from
plasma (0.5–1.5 mL) was measured using the protocol described by the
manufacturer except that two Sep-Pak C18 cartridges (Waters Associated,
Marlboro, MA) connected in tandem were used for CRF extraction, as
described by Emanuel et al. (27). The Sep-Pak columns were eluted by 60%
acetonitrile in 1% trifluoroacetic acid and extracts were then dried under
Savant speed- vacuum concentrator. The dried materials were reconstituted
with 0.5 mL RIA buffer, centrifuged in a Microfuge at 12,000 rpm for 30 min
and stored frozen at –20°C. CRF from placenta was measured following
acetic acid extraction procedure (28). Briefly, individual placental tissues
(400–500 mg wet weight) were placed in glass test tubes containing 1 mL of
acetic acid (1 M), heated in a boiling water bath for 10 min, and cooled to
room temperature. Four milliliters of methanol (50% in 0.5 M acetic acid)
were added to each tube and placental extracts homogenized using Ultra-
Turrex tissue homogenizer. The homogenates were centrifuged at 15,000 g
for 30 min and supernatants transferred to plastic tubes and dried under
speed-vacuum concentrator. The pellet was reconstituted in 1.0 mL RIA
buffer, centrifuged, and supernatant used for RIA. CRF concentrations were
measured in duplicate at two different dilutions. The assay sensitivity was 6
pg/tube, with intra- and interassay coefficients of variation of 9% and 12%,
respectively. Recovery studies performed with unlabelled CRF ranged be-
tween 80% and 85% both for plasma and placental extracts. Plasma CRF
levels were expressed as picograms per milliliter plasma while placental CRF
contents expressed nanogram per milligram wet weight. Blood obtained from
six hypoxia and six control maternal rats bearing similar number of fetuses
was used for plasma CRF analysis. Blood from all fetuses of a litter was

pooled and treated as one sample. Six samples for each group were used for
analysis. Three placenta removed from each animal (n � 18 placentas in each
group) were processed for CRF analysis.

Data analysis. All values are expressed as mean � SEM. Comparisons
between normoxic and hypoxic treatment groups were made using unpaired t
test. A p value �0.05 was considered as significant.

RESULTS

Compared with control pregnant rats (n � 12) exposed to
21% oxygen, hypoxic pregnant rats (n � 12) exhibited copi-
ous defecation when the oxygen content of the chamber
reached 12%. The number of fecal pellets expelled by hypoxic
pregnant rats was significantly higher than normoxic pregnant
rats (9 � 1 versus 5 � 1, p � 0.001). Hypoxia significantly
increased plasma CRF (82 � 5 to196 � 14 pg/mL, p � 0.001;
Fig. 1A) and corticosterone (417 � 50 to 1150 � 50 ng/mL,
p � 0.001; Fig. 1B) concentrations in hypoxic pregnant rats
compared with control dams.

Upon opening the uterine wall, all hypoxic and control
fetuses were alive. The number of fetuses varied between 8
and 12 per litter. In hypoxic fetuses, the MEC passage was
consistently evident as yellowish coloration visibly discern-
able when examined through the uterine wall (Fig. 2). Yellow
discoloration of skin and placenta and presence of intestinal
particulate material adhering to the placenta or the fetal body
were common in the hypoxic fetuses. No similar MEC pas-
sage was observed in the normoxic group. Bilirubin content

Figure 1. Maternal plasma CRF (A) and corticosterone (B) levels following
hypoxic and normoxic periods. *p � 0.001 vs normoxic.

Figure 2. Photograph (3�) showing fetal meconium staining at the end of
hypoxia exposure as visualized through the fetal sac. Note the presence of
yellowish meconium staining throughout the uterine horn. Scale bar repre-
sents 1 cm.
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was significantly elevated in amniotic fluid collected from
hypoxic compared with control fetuses (OD at 410 nm: 1.064
� 0.101 versus 0.103 � 0.003, p � 0.001; Fig. 3A). Western
blot analysis confirmed a marked increase in intestinal alka-
line phosphatase in the amniotic fluid of fetuses subject to
hypoxic treatment (Fig. 3B). Hypoxia significantly increased fetal
plasma CRF (284 � 15 to 1523 � 185 pg/mL, p � 0.001; Fig.
4A) and corticosterone (96 � 5 to 182 � 10 ng/mL, p � 0.001;
Fig. 4B) concentrations compared with control fetuses.

Placental CRF levels were not significantly different be-
tween hypoxic and control animals (0.765 � 0.073 versus
0.845 � 0.067 ng/mg wet weight, p � NS).

DISCUSSION

The present study was designed to test the hypothesis that
fetal in utero MEC passage is analogous to stress-mediated
defecation in adult rats in its regulation by CRF. We chose
acute hypoxia as a stress paradigm since MEC staining is
frequently observed in human newborns in association with
hypoxic stress (4,7). Exposure of pregnant rats (as detailed
above) to a gradually decreasing oxygen concentration, in a
time-dependent manner, consistently stimulated fetal in utero
MEC passage on d 22 of gestation. Copious defecation in
pregnant rats was also observed under the hypoxic condition.

A number of studies in adult rats indicate that stress is a
potent stimulator of increased colonic motility and defecation
(17,18). Interestingly, peripheral administration of CRF has
been reported to induce a characteristic pattern of cecocolonic

myoelectric activity, activation (i.e. c-fos expression) of my-
enteric neurons and stimulation of colonic transit and defeca-
tion (20,29). Exposure of isolated colonic segments to CRF
and CRF antagonists has been shown to elicit opposite effects
on both mechanical and electrical peristaltic activity, suggest-
ing that endogenous CRF may have direct effects on colonic
motor function (30). Studies with the specific CRF-R1 antag-
onist indicate that CRF-mediated cecocolonic myoelectric
activity, myenteric neuron activation, and defecation primarily
use the CRF-R1 system (20). Recently, evidence for CRF-R1
localization at the level of colonic myenteric nervous system
in adult rat colon has been documented (31).

In the present study, significant increases in plasma CRF
levels were observed in pregnant rats subjected to hypoxia
compared with control pregnant rats exposed to normoxia.
Increases in plasma CRF levels in pregnant rats suggest that
hypoxic stress-mediated defecation in these rats is triggered, at
least in part, by peripheral CRF pathways. However, further
studies are required to determine whether the observed defe-
cation in pregnant rats is mediated via colonic CRF-R1 as
demonstrated in adult rats with restraint stress (20).

MEC passage in fetal rats was consistently observed after
pregnant rats were exposed to the hypoxia paradigm. All
fetuses were alive at the end of the study and responded in a
similar fashion irrespective of their position in uterine horn.
Increased intestinal alkaline phosphatase content and bilirubin
concentrations in amniotic fluid of all fetuses exposed to
hypoxia confirmed MEC passage. Plasma CRF levels were
significantly elevated in MEC stained fetuses, suggesting that
fetal MEC passage also may be modulated by CRF.

In the present study, we did not identify the specific
source(s) of plasma CRF. Pregnancy is the only time at which
high levels of plasma CRF are evident, and the human pla-
centa has been identified to be the major source of maternal
and fetal plasma CRF (32,33). Similarly, it is likely that
plasma CRF in both pregnant rats and their fetuses originates
from the placenta (32). In the present study, despite the
marked increase in plasma CRF levels of both fetuses and
pregnant rats, there was no decrease in placental CRF content
in response to hypoxia. As the increases in fetal and maternal
plasma CRF content represents only a small percentage of
individual and pooled placental CRF content, respectively,
these changes would not detectable by RIA techniques. It is
also possible that the release of CRF stems from sources other
than placenta. Studies in adult mice report the existence of
specific unidirectional brain-to-blood transport system for
CRF (34). Furthermore, this transport system is acutely mod-
ulated by adrenal steroids suggesting the participation in the
control of stress response (35). In the present investigation, we
have observed marked increases in plasma corticosterone
levels both in pregnant rats and fetuses under hypoxic stress
condition suggesting the possibility that plasma glucocorti-
coids may have stimulated transport of brain CRF to plasma in
hypoxic groups.

In summary, in utero MEC passage observed in the present
study is evidence of a stress-associated event in term fetal rats.
Although the origin of plasma CRF is not known, elevated
plasma CRF is the likely mediator of hypoxic stress stimulated

Figure 3. Analysis of amniotic fluids for meconium staining. (A) Amniotic
fluid OD (410 nm) of individual hypoxic and normoxic fetuses. Each column
represents the mean � SEM of 24 fetuses. *p � 0.001 vs normoxic. (B)
Amniotic fluid intestinal alkaline phosphatase immunoreactive bands as vi-
sualized by Western blot analysis (representative result). Each number rep-
resents pooled amniotic fluid from each litter. Note the faint 70–75 kD
alkaline phosphatase band in the amniotic fluids of normoxic fetuses (Strip 1)
and the strong 70–75 kD alkaline immunoreactive band in amniotic fluids of
hypoxic fetuses (Strip 2).

Figure 4. Fetal plasma CRF (A) and corticosterone (B) levels following
hypoxic and normoxic periods. *p � 0.001 vs normoxic.
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defecation in pregnant rats and in utero MEC passage in
fetuses. This rat model should be useful to delineate the
molecular mechanisms underlying the in utero MEC passage
and possibly to develop an antenatal therapy to prevent the
development of MEC aspiration syndrome.
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