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Abstract

Background: Amniotic fluid (AF) and its components, such
as fetal urine and meconium, may lead to intestinal altera-
tions in gastroschisis, which cause immaturity of the myen-
teric plexus and consequent intestinal hypomotility and
malabsorption. In this study we identified morphological
and histological alterations of the intestine and the myen-
teric plexus with two different times of exposure to AF. Meth-
ods: The experimental gastroschisis was achieved at two dif-
ferent gestational ages, on day 18.5 (E18.5) and day 19.5
(E19.5) of gestation, in fetal rats which were divided into 3
subgroups: control, sham and gastroschisis. We measured
fetal body weight (BW), intestinal weight (IW) and intestinal
length (IL). The layers of intestinal wall and myenteric plexus
were evaluated by hematoxylin and eosin staining (HE stain-
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ing) and immunofluorescence (a-internexin), respectively.
Results: BW was not significantly different among the con-
trol, sham and gastroschisis groups at both ages. IW and IL
were larger and shorter, respectively, in the gastroschisis fe-
tuses (p < 0.001) at both ages. Intestinal diameters and wall
layers presented significant differences among control,
sham and gastroschisis fetuses at both ages (p < 0.001), but
the time of exposure to AF compromised the serous mem-
brane, D-Il (diameter Il, p < 0.001) and IL (p = 0.001). a-In-
ternexin presented more intensive immunoreactivity in gas-
troschisis fetuses at E18.5. Conclusions: In gastroschisis, the
longer the time of exposure to AF, the more severe bowel
impairment will be, especially with regard to IL and the
serous layer, and the more immature the myenteric plexus

will be. Copyright © 2007 S. Karger AG, Basel

Introduction

Gastroschisis is a congenital defect of the abdominal
wall, characterized by a small abdominal wall defect
(AWD) usually located to the right of the navel that allows
herniation and permanent exposure of intestinal loops to
amniotic fluid (AF) until the end of gestation [1].
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Experimental studies in which constriction of the vas-
cular pedicle of the eviscerated bowel by a narrow AWD
was analyzed to try to explain bowel thickening, edema
and ischemic lesions have been made in chick embryo
and lamb models, but their conclusions showed no rela-
tionship of intestinal changes with moderate or mild con-
striction at the site of the AWD [2]. These authors af-
firmed that there were no differences between constric-
tion by an AWD 1.5 or 3 times the normal intestinal
diameter. Despite chronic constriction of the bowel at the
site of the AWD being an important contributing factor
to the intestinal damage seen in gastroschisis, the effect
of AF on the myenteric neurons (intrinsic nervous sys-
tem) is present and could respond to transitory intestinal
dysmotility in the postnatal period [2].

In gastroschisis, the degree of damage to the extruded
bowel loops is directly related to the time of exposure to
the AF [3] and to the meconium, causing morphological
and histological alterations to the intestine such as short-
ening, increased weight, diameter and thickness of the
intestinal wall [4, 5], in addition to the development of a
fine fibrous coating over the serous layer that favors the
development of adherences between the bowel loops [6,
7]. In gastroschisis such lesions will eventually lead to de-
creased intestinal peristalsis and deficiency in absorption
of nutrients 8], contributing to increased morbidity and
medical-hospital costs [9].

Intestinal hypoperistalsis in gastroschisis is attributed
to the disorganization and immaturity of the myenteric
plexus [10]. These characteristics may function as mark-
ers of the degree of bowel lesion expression and may be
measured by the presence of neurofilaments along the
intrinsic intestinal nervous plexus [11, 12]. Recently oth-
er authors have reported that the interstitial cells of Cajal
serve as electrical pacemakers, providing pathways for
the active propagation of slow waves, acting as mediators
of enteric motor neurotransmission, and playing a role in
afferent neural signaling; they also discuss the complex-
ity of the physiology and histological identification of the
interstitial cells of Cajal [13]. Despite the cell threshold
potential for action generation being typically constant,
the baseline membrane potential can be controlled by
neurotransmitters, hormones,and pharmacologicagents,
but slow-wave depolarization does not cause muscular
contraction [14].

Based on that information we decided to use a-in-
ternexin to identify the maturity of the myenteric ner-
vous system in order to obtain a direct measurement of
the degree of damage to the extruded bowel loops, since
the interstitial cells of Cajal are not the single factors re-
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sponsible for intestinal motility [15]. In the present study;,
we tested the hypothesis that the time of exposure of bow-
elloops to AF may result in different degrees of intestinal
wall lesion, which will likewise produce different degrees
of neuronal immaturity. Therefore, the morphometric
and histological alterations in rat bowels were studied
and compared, emphasizing the maturity of the myen-
teric plexus in experimental gastroschisis of rat fetuses
with two different times of exposure to AF.

Materials and Methods

This study was submitted to the Animal Experimentation
Ethics Committee of the State University of Campinas (CEEA-
UNICAMP) and approved as research project No. 281-1.

Sprague-Dawley female rats weighing between 250 and 300 g
were placed in cages with male rats and the presence of a vaginal
smear in the female was a sign that copulation had occurred; this
was considered as day 0 of gestation (total gestation 22 days). The
females received abundant food and were kept in a 12-hour day-
night cycle. Ten pregnant rats were used in the study and divided
equally into 2 groups, with 5 rats in group E18.5, composed of fe-
tuses operated on day 18.5 of gestation, and the other 5 rats in
group E19.5, composed of fetuses operated on day 19.5 of gesta-
tion.

The gastroschisis model used was that of Correia-Pinto et al.
[5]. Pregnant rats were anesthetized on days 18.5 and 19.5 of ges-
tation, respectively, with ketamine 50 mg/ml (175 mg/kg; Ket-
amina®, Pfizer do Brasil Ltda.) in association with xylazine 10
mg/ml (2.5 mg/kg; Rompum®, Bayer do Brasil Ltda.). Surgery was
carried out using a microscope with X2.5 magnification. The
womb was exposed and a pouch wall suture with 6-0 Prolene®
thread was always made on the 2nd, 3rd and 4th fetuses in each
cornu, excluding the fetuses in the extremities due to the great
discrepancy in size. After that the fetuses were partially external-
ized up to the navel level and experimental gastroschisis was es-
tablished by means of a small opening to the right of the navel,
allowing externalization of bowel loops. Before closure of the
womb AF was reconstituted with 0.5 ml of 0.9% warmed saline
solution in both groups, E18.5 and E19.5. Nothing was done with
the control fetuses, and the sham fetuses had only the right lower
limb externalized.

On day 21.5 of gestation, the rats were once again submitted to
cesarean section to remove the control, sham and gastroschisis
fetuses, which were weighed on high-precision scales (body
weight, BW) with measures provided in grams. Their intestines
were removed and also weighed (intestinal weight, IW), isolated
from the mesentery and straightened to measure their length (in-
testinal length, IL) from the duodenal pylorus up to the rectum at
the peritoneal reflection. In addition, the IW/BW and IW/IL ra-
tios were also analyzed in the 3 subgroups of the 2 operation days,
to verify the influence of the time of exposure to AF in the E18.5
and E19.5 groups.

The fetal intestine was divided into 4 segments from the duo-
denum to distal colon, each one having approximately 4 cm in
length, for the histological study. The first 4-cm segment was tak-
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en between the Treitz angle and proximal jejunum; the second
came from the distal jejunum and proximal ileum; the third came
from the ileum and proximal colon, and the fourth was taken
from the colon. All segments had the proximal extremity marked
with a 4-0 cotton suture and were embedded in sequence in the
same paraffin block. To avoid possibilities of taking a far proxi-
mal or distal extremity of the intestines and analyzing portions
that were not affected, we sliced the transverse median portion of
the 4 segments in the paraffin block. Thereby we excluded the
possibility of assaying a segment that was not exposed to AF. Af-
ter embedding, 5-pm transverse sections of the intestine were
stained using hematoxylin and eosin (HE). HE-stained cross-sec-
tions were photographed using a Nikon Eclipse E800 photomicro-
scope (Nikon, Tokyo, Japan; final magnification X100 for intes-
tinal diameter, ID,and X200 for intestinal layers). The slides were
digitalized and the ID (ID-I = mesenteric to anti-mesenteric bor-
der, and ID-II = perpendicular axis to ID-I), total intestinal wall,
mucosa, circular muscular layer, longitudinal muscular layer and
serous thicknesses were measured in 5 transversal sections using
Image Pro Plus software (Epix, Buffalo Grove, I11., USA). To avoid
the possibility of taking very proximal or distal extremities of the
intestines and analyzing portions that were not affected, we sliced
the transverse median portion of the 4 segments in the paraffin
block. Thereby we excluded the possibility of assaying a segment
that was not exposed to AF. Measurements were taken in microm-
eters from the serosa to the villous sinus, at each of the 4 quadrants
of each section, in radial orientation, totaling 20 measurements
for each variable per animal from the 3 subgroups at gestational
ages E18.5 and E19.5.

According to Faussoni-Pellegrini et al. [11], a-internexin is a
neurofilament protein and one of those responsible for the cyto-
skeleton formation and is considered a marker of neuronal matu-
rity. The immunoreactivity (IR) of the a-internexin is intense
early in gestation but decreases with aging, and maintenance of a
high IR of this protein in the postnatal period or adult life is a sign
of neuronal immaturity [9]. The degree of maturity of the myen-
teric plexus (intrinsic neuronal system, localized between the mu-
cosa and each layer of muscle) [16] was analyzed by the intensity
of IR on immunomarking to o-internexin and was observed
through a fluorescence microscope according to Vannucchi et al.
[10].

The slices were deparaffinized and then incubated for 1 h in
solution containing BSA (3%) and Tween-20 (0.1%) in a PBS
(0.1 M) buffer to block unspecific sites. After that, the samples
were incubated at 4°C for 12 h, with goat polyclonal primary
antibody anti-internexin C-18 (sc-7570, Santa Cruz, Calif., USA,
1:100), diluted in PBS (0.1 M) containing 1% BSA and 0.3% Triton
X-100 and incubated for 12 h. On the following day, the slides were
rinsed in PBS 0.1 M (three 5-min washes) and incubated for 1 h at
room temperature, with anti-goat secondary antibody produced
in a donkey and conjugated with TRITC (1:100, diluted in PBS
0.1 M and 0.3% Triton X-100). The samples were then washed 3
times in PBS for 5 min and covered with a solution of 4',6'-diami-
dine-2-phenylindol (0.25 wg/ml; Sigma) for 5 min in order to
show cell nuclei. After washing in PBS for 5 min, the slides were
then mounted in DABCO (protector of immunofluorescence)
and glycerol. The immunomarking was observed through a fluo-
rescence microscope (Nikon 50i, USA) connected to a digital
camera (Nikon DMX 1200F, USA), with images acquired by
means of the ATC-1 software.
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Descriptive statistics of continuous variables were used to de-
scribe the sample profile according to the study variables, with
mean, standard deviation, minimum, maximum and median val-
ues of bowel segment diameters and thickness of the 4 main lay-
ers: mucosa, circular muscular layer, longitudinal muscular layer
and serosa. The variance analysis was used for repeated measures
(Repeated Measures ANOVA) to compare the variables among
the subgroups and other features, considering two main factors:
the control, sham and gastroschisis subgroups and the 2 gesta-
tional days, E18.5 and E19.5. The comparison of the control, sham
and gastroschisis subgroups as well as days E18.5 and E19.5 was
made with the Tukey’s post hoc test. In view of the absence of nor-
mal distribution of measures, the analyses were carried out after
logarithmic transformation of data (logjg). The level of signifi-
cance adopted for the statistical tests was 5%, that is p < 0.05.

Results

Ten Sprague-Dawley female rats, with a total of 49 fe-
tuses, were used in this study. After 5 fetal deaths (10%)
44 live fetuses (90%) remained. Of these 44 live fetuses,
23 were studied on the E18.5 and distributed into the 3
subgroups: 8 control, 7 sham, and 8 gastroschisis fetuses.
Another 21 fetuses were studied on E19.5 and also dis-
tributed into 3 subgroups: 7 control, 7 sham and 7 gas-
troschisis fetuses.

Morphological Measures of the Fetuses

IW, IL, IW/BW and IW/IL presented significant dif-
ferences when comparing the three subgroups control,
sham and gastroschisis (p <0.001) for the 2 days studied.
The IL presented significant differences when the mea-
sures for both days were compared (p < 0.001), that is IL
on E18.5 was shorter than IL on E19.5. There were no sig-
nificant differences among the BW measures when the
fetuses of the 3 subgroups were compared for the 2 days
studied (p = 0.793). In the comparative analysis of IW/IL
measures in the subgroups and on the days studied, there
was no significant effect of interaction among subgroups
and days (p = 0.347), except for the ratio IW/BW (p =
0.035). The results of morphological measures are shown
in table 1.

Intestinal Histomorphometric Measures

The total thickness of the intestinal wall presented
significant differences only when the 3 subgroups in
each group were compared (p = 0.013 for E18.5 and p <
0.001 for E19.5; table 2). There were no significant dif-
ferences when the measures of the intestinal wall were
compared between the 2 days (p = 0.476; fig. 1). In the
comparative analysis of the intestinal wall measures
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Table 1. Results of measurements in fetuses submitted to gastroschisis on days 18.5 and 19.5, as well as their control and sham litter

mates (mean * SD)

E18.5 E19.5 Group Day
C/SIG 185 X 19.5

C(n=28) S(n=7) G (n=38) C(n=7) S(n=7) G(n=7) p p
Body weight, g 5.65%0.59 591%x0.26 5.54+0.68 6.02£0.30 5.81%0.96 5.89+0.44 NS NS
Intestine weight, g 0.22+0.03 0.21+0.03 0.31+0.07 0.24£0.01 0.24+£0.04 0.29+0.06 <0.001 NS
Intestine length, mm 211.00*x17.24 200.29%£23.04 139.88%*30.17 236.00x17.77 235.00*24.39 162.43£16.54 <0.001 <0.001
IW/BW, mg/mg 3.96+0.23 3.59+0.51 5.64+0.87 4.00%0.24 4.09£0.32 5.02*1.18 <0.001 0.035
IW/IL, mg/mm 1.06 £0.12 1.07£0.17 2.33+0.67 1.02£0.06 1.01*0.10 1.86£0.58 <0.001 NS

G = Gastroschisis; C = control; S = sham; IW/BW = intestine weight/body weight; IW/IL = intestine weight/intestine length.

Table 2. Results of histological measurements in fetal rats submitted to gastroschisis on days 18.5 and 19.5, as well as their control and

sham litter mates (mean * SD)

E18.5 E19.5 Group Day
C/SIG 18.5 X 19.5

C(n=32) S (n=28) G (n=32) C(n=28) S(n=28) G (n=28) P P
Measure 850.25*+158.46 852.48+73.77 1,124.25%283.03 934.21+84.03 971.38+114.81 1,154.60*193.49 <0.001 (D-T) 0.800 (D-I)
D-Iand D-II 0.015 (D-II) <0.001 (D-II)
Mucosa 26.76 = 5.40 26.10£3.07 33.00£10.14 22.35+5.65 23.38+4.54 39.07 £10.33 <0.001 NS
Circular layer 10.81 £ 1.50 9.95%1.11 16.38 £4.31 13.23*x2.16 9.94%1.58 17.58 £4.25 <0.001 NS
Longitudinal layer 8.14%0.75 7.55%0.87 10.69 £ 0.69 7.09+t1.21 5.66*+1.54 12.85+4.67 <0.001 NS
Serous layer 2.48+0.36 2.53%0.26 3.38%0.62 0.19%£0.21 1.10+0.24 2.09%£1.01 <0.001 <0.001
Total wall 48.19+7.13 46.13+7.13 63.46+16.54 43.85+7.36 40.08 +5.75 71.60*+16.17 <0.001 NS

G = Gastroschisis; C = control; S = sham; D-I = diameter I; D-II = diameter II; NS = no statistical significance.

among the subgroups and days, there was no significant
effect of the interaction among these subgroups and the
days of exposure (p = 0.104). All the layers of the ileal
wall analyzed presented significant differences in the
comparison of measures of fetuses in the 3 control, sham
and gastroschisis subgroups on E18.5 and E19.5 (p <
0.001). The longitudinal muscular layer also tended to
be compromised as a consequence of the longer expo-
sure to AF, but did not show statistical differences be-
tween the days (p = 0.083); the serosa presented signifi-
cant differences in the comparison of the 3 subgroups
(p <0.001 for E18.5 and p = 0.004 for E19.5) and 2 days
when comparing the measures between E18.5 and E19.5
(p <0.001). The results of the histological measures are
shown in table 2.

Evaluation of the Myenteric Plexus by a-Internexin
The myenteric plexus of gastroschisis fetuses present-
ed more intensive a-internexin immunoreactivity both
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in the E18.5 and E19.5 groups, with higher expression in
the myenteric plexus of gastroschisis fetuses of group
E18.5. Immunofluorescence presented low or no immu-
noreactivity for a-internexin in the intestinal walls of
control and sham fetuses in both groups (fig. 2).

Discussion

Gastroschisis is a rare congenital disease of unknown
etiology in which the bowel loops exposed to AF lead to
functional alterations in the postnatal period, such as in-
testinal hypomotility and disorders in the ability to ab-
sorb nutrients [8, 17]. The anatomic and functional dam-
age to the intestine occurs not only by direct contact with
AF, but mainly through the effect of meconium released
by the fetus during gestation [18, 19] and the time of
exposure to AF that exacerbates the intestinal wall lesion
(3, 4].
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Fig. 1. Thickness of the intestinal wall of the 3 subgroups, control (A), sham (B) and gastroschisis (C), of fetus-
es of the E18.5 group. Note that the intestinal wall in the gastroschisis subgroup (C) is thicker than the control
and sham subgroups at both ages (p < 0.001), and although no statistical difference was observed, the intestinal
wall in gastroschisis at E19.5 is thicker than at E18.5. X40. Bar = 30 pum.

Fig. 2. Thickness of the intestinal wall of the 3 subgroups, control (A), and sham (B) and gastroschisis (C), of
fetuses of the E19.5 group. Note that the intestinal wall is in the gastroschisis subgroup (C) is thicker than the
control and sham subgroups at both ages (p < 0.001), and although no statistical difference was observed, the
intestinal wall in gastroschisis at E19.5 is thicker than at E18.5. 40 X. Bar = 30 um.
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The impairment of bowel loops in gastroschisis occurs
more frequently at the end of gestation; in human fetuses
the lesions are more noticeable after the 30th week of ges-
tation, when a fine fibrous coating is formed which pro-
motes progressive alterations in the intestinal serosa [20,
21].

The most frequently found structural alterations in
the gastroschisis intestine are: thickened walls, increased
weight, shortened length and the appearance of a fine fi-
brous coating that covers the serosa [22, 23]. In experi-
mental gastroschisis models in rabbits, which evaluated
a single period of intestinal exposure to AF, a larger in-
testinal diameter, smaller body weight, intestinal weight
and intestinal length were found [24, 25]. Similar results
were obtained in experimental gastroschisis in sheep
(3].

Although disorganization and immaturity of the my-
enteric plexus have not been properly demonstrated in
the lamb or ewe models, Langer et al. [3], in an in vitro
bowel motility assay, showed that the maximal contrac-
tile response to acetylcholine was impaired in gastroschi-
sis lamb fetuses and stated that this was a possible repro-
ducible model of gastroschisis, with features similar to
the human condition.

In this gastroschisis study in rats, we found a shorter
IL (p <0.001) while the IW was higher (p < 0.001) in gas-
troschisis fetuses when compared to control and sham
fetuses in both E18.5 and E19.5 groups, results that were
similar to those found by Correia-Pinto et al. [5]. How-
ever, we found that the IL was shorter in gastroschisis
fetuses of the E18.5 than in those of the E19.5 groups
(p = 0.001), that is, the longer time of exposure to AF
caused more severe intestinal shortening.

The diameters of the intestines of gastroschisis fetuses
(D-Iand D-II) were larger that those in control and sham
fetuses (p < 0.001 and p = 0.015, respectively) in both
groups, results that were comparable to those of Albert et
al. [26]. With a similar behavior to IL, D-II also presented
significant differences when compared to measures of
both groups, that is D-II in gastroschisis fetuses of E18.5
was smaller than in gastroschisis fetuses of E19.5 (p <
0.001). BW was not as altered in the subgroups (p = 0.793)
as in the E18.5 and E19.5 groups (p = 0.271); these results
are different from those of Albert et al. [2] and Franchi-
Teixeira et al. [27] who found a smaller BW in gastroschi-
sis fetuses.

In a comparative analysis of the serous measures, we
verified that it was enlarged in the gastroschisis fetuses
(p<0.001),in both the E18.5 and E19.5 groups (p = 0.035),
aswas also found in the rabbit [26] and chicken [28] mod-
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els. Once again, these results show the deleterious effects
in the course of gestation on bowel loops, mainly in the
serous layer.

In the histomorphometric evaluation of the intestinal
wall in gastroschisis in lambs, the circular and longitudi-
nal muscular layers were both enlarged, but the circular
muscular layer presented greater growth and began to
thicken (hyperplasia) at 100 days of gestation, earlier than
the longitudinal layer when compared with controls, but
both layers were enlarged at 135 days of gestation [4]. Op-
posite results were obtained by Langer et al. [20] who stat-
ed that only the longitudinal muscle layer was enlarged
at 120 days of gestation (p < 0.05), with a much larger in-
crease at term (145 days, p < 0.001). These results [4, 20]
suggested that the longer the time of exposure to AF, the
more the lesion in this intestinal wall layer is affected.
These results demonstrate that when the muscular layers
are compromised this might contribute to explain intes-
tinal hypomotility and malabsorption. We also found in
gastroschisis in rats a thickening of the circular and lon-
gitudinal layers in the 3 subgroups (p < 0.001) in both
gestational days E18.5 and E19.5; although we have not
found significant differences when comparing the longi-
tudinal muscular layer between the days E18.5 and E19.5
(p = 0.083), we believe that the longer the time of ex-
posure to AF is, the trend is for this layer to become
thicker.

The mucous layer was distended in gastroschisis for
both subgroups (p < 0.001), but not between E18.5 and
E19.5; mucosal thickening was also verified in lamb gas-
troschisis, with corresponding enlargement of the sub-
mucosa [4]. The same occurred in rabbit gastroschisis
[27] and it seems that this thickening of the intestinal wall
is related with a decrease in disaccharidase activity, con-
tributing to neonatal intestinal malabsorption [17].

The a-internexin is a neurofilament protein present in
the central and peripheral nervous system. It is involved
in the embryonic differentiation of cells of the myenteric
neuronal lineage (intrinsic neuronal system, localized
between the mucosa and each layer of muscle) [11]. It is
also involved in cytoskeleton formation and may be con-
sidered as a marker of neuronal maturity, since it appears
earlier in embryonic life and diminishes its immunore-
activity when going from fetal to neonatal life; if present
in the adult phase, it is indicative of neuronal immaturity
[10].

Santos et al. [8] found decreased activity of acetylcho-
linesterase and more immaturity of the myenteric plexus
caused bylactate dehydrogenase. By means of a-internex-
inimmunoreactivity in gastroschisis bowel loopsin E18.5

Fetal Diagn Ther 2008;23:60-68 65



Fig. 3. Immunofluorescence labeling for a-internexin in gastroschisis fetuses (G; arrows) in the E18.5 (A) and
E19.5 (B) age groups, where the most damaged plexus with immature neural cells is more intensely marked in
gastroschisis at E18.5 (A, G) while gastroschisis at E19.5 (B, G) is weakly marked probably due to a less imma-
ture plexus. Control (C) and sham (S) fetuses at both ages (A, B) show no labeling for a-internexin probably due
to adequate maturity of the plexus. The interrupted lines show the whole extent of the intestine wall. X40.
Bar =30 pm.

fetuses, Vannucchi et al. [12] found that there was dimin-
ished reaction and consequent delay in neuronal matura-
tion in addition to disorganization of the myenteric plex-
us. Both findings could explain the alterations in synap-
ticactivity of the myenteric neurons that affect the control
of intestinal motility in gastroschisis. The present study
found greater immunoreactivity of a-internexin in gas-
troschisis fetuses of the E18.5 and E19.5 groups than in
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control and sham fetuses of both groups; however, the
immunoreactivity of gastroschisis fetuses of group E18.5
was higher that in the gastroschisis fetuses of group E19.5,
thatis, the longer the period of exposure to AF (fig. 3), the
longer the myenteric plexus will remain immature. These
are additional results to those found by Vannucchi et al.
(10, 12] which were presented for only 1 gestational day,
E18.5.
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Preterm delivery could help to avoid some complica-
tions after birth and could improve the postoperative pe-
riod, be less costly, and shorten the requirements for total
parenteral nutritional [29]. All this damage in the intes-
tinal wall is due to prolonged exposure of the intestinal
loops to AF containing inflammatory substances: inter-
leukin-8 [7], fetal urine [30], and fetal meconium [19].

Exchange of the AF during gestation has been studied
in order to prevent or decrease damage in the intestinal
wall in fetuses with gastroschisis [24, 31]. More recently
experimental studies based on the information that the
intestinal wall is damaged by components of AF, in par-
ticularly meconium, have shown that changing the con-
centration of AF could in fact decrease this damage, even
by amnio-infusion or by amnio-exchange [32].

This procedure in human gestation may bring some
difficulties due to the high risk of uterus contractions and
an increased cycle of AF production, where flow mea-
surements following drainage of the amniotic cavity in-
dicate a production rate of 16-42 ml/h, which means a
complete change in AF every 2-3 h. Besides amnio ex-
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