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ABSTRACT

An organ culture technique was used to examine the effects of somatostatin, luteinizing hormone releasing
hormone (LHRH) and transforming growth factor (TGF-α) on  epithelial cell proliferation in rat fetal stomach.
The explants were obtained from 20-day rat fetuses and were maintained in organ culture for 24 h. Half of the
culture dishes were supplemented with 10% fetal bovine serum (FBS). Cell proliferation was assessed using the
metaphasic index. Light and electron microscopy showed that the explants could be maintained in good condition,
independent of the FBS or hormone treatment. Re-epithelialization occurred at the edges of the fragments. The
addition of 10% FBS was not advantageous for evaluating cell proliferation in this organ culture system. The
low  metaphasic  index  showed  that  somatostatin  and  LHRH  significantly  inhibited  cell  proliferation  after
24 h of treatment. In contrast, TGFα had a mitogenic effect on fetal gastric mucosa and prevented glandular
degeneration. These results corroborate our previous studies in vivo and provide direct evidence of the influence
of hormonal and growth factors on gastric mucosa during fetal development.
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INTRODUCTION

Cell proliferation and differentiation in the rat
gastrointestinal tract during  pre- and postnatal
development involve interactions between
hormones, growth factors and feeding schedule
[20]. The modulatory role of these elements in vivo
is influenced by endogenous  factors.

The fetal-maternal relationship during the
perinatal period precludes many studies in vitro and
organ culture has been used instead since it allows
the maintenance of the tridimentional aspect of the
tissues as well as the direct study of the regulation
of gastric cell  proliferation [2,41]. Rapid
differentiation processes occur in the gastric
mucosa during the last five days of gestation in the
rat [1], and different factors can influence the
morphogenesis and differentiation of the glandular
components.

Transforming growth factor-α (TGF-α) and
epidermal growth factor (EGF) are polypeptides
that share the same receptor. The mitogenic effect
of TGF-α on isolated gastric epithelial cells
maintained in vitro has been demonstrated
[6,31,34],  however the role of this factor in
proliferation and differentiation during the late fetal
period is unknown. Other growth factors or
hormones, such as insulin-like growth factor, EGF
and thyroxin, are involved in the regulation of
growth in the gastrointestinal tract, especially in
the developing intestine [33]. We have been
previously concerned about the growth regulation
of the developing stomach and the effects of
hormones like somatostatin and luteinizing
hormone releasing hormone (LHRH) upon it [13].
Somatostatin is a well-known tetradecapeptide
hormone  distributed in the digestive tract and its
role in gastrointestinal cell proliferation during
development has been reported [32]. The
administration of somatostatin to young rats
decreases the labeling, and the mitotic and
metaphasic indices of previously stimulated gastric
epithelial cells [13,23]. Gama and Alvares [13]
were the first to show the inhibitory effect of LHRH
on the proliferation of the gastric epithelium in rats
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during postnatal development. Since  studying the
effects of hormones and growth factors in vivo can
be difficult because of the large number of
uncontrollable variables, we have used a culture
system for fetal rat stomach  to evaluate the
proliferation and morphology of differentiating
fetal gastric mucosa in organ culture and to examine
the quality of tissue preservation  during the period
of incubation. We also compared the possible direct
effects of  TGFα, somatostatin and LHRH on cell
proliferation, with previous results obtained in vivo.

MATERIAL AND METHODS

Animals and explant  preparation
Adult Wistar rats from the colony maintained by the

Department of Histology and Embryology were used. Females
were housed with males overnight (2 or 3 females per male).
Day 0 of gestation was designated when spermatozoa were
identified in vaginal smears. The rats were kept under natural
light from about 6:00 a.m. to 6:00 p.m. Food and water were
available ad libitum.

All the experiments were performed around 11:00 a.m.
Timed pregnant Wistar rats at 20 days of gestation were
anesthetized with ketamine (Ketalar, Aché Laboratories) and
xylamine (Rompum, Bayer Laboratories) (1:1, 0.5 ml/100 g
b.wt) and the fetuses were removed by laparotomy under
sterile conditions. Fetal  stomachs were taken from 7-8 fetuses
per female and the proximal and distal thirds were discarded.
Six explants (n = 42-48 explants) of 2-3 mm long could be
removed from the presumptive corpus region of each fetal
stomach, and washed with PBS-A and culture medium. The
fragments were placed on strips of Millipore filter with the
mucosal side up and then slightly immersed in 50mm x 10
mm organ culture dishes (Costar, USA). Each culture dish
contained 3-4 explants.

Organ culture
The explants were cultured in F12/Dulbecco’s modified

Eagle’s medium (DMEM-F12, Gibco, USA) containing 50
μg ampicillin/ml (Wyeth, BR) and buffered with 10 mM
HEPES (Sigma, USA) and 1.2 mg of natrium bicarbonate/ml
(Mallinckrodt, USA). Half of the dishes were supplemented
with 10% FBS (Cultilab, USA). Some of the explants were
treated for 24 h with 40 ng of somatostatin/ml (Sigma, USA)
(Moyer et al., 1986),  50 ng of LHRH/ml (Relisorm-Serono,
SWL) or 0.5 ng of TGFα/ml (Gibco, BRL) [32] which were
added to the medium. Control fragments were maintained in
medium for 2 h or 24 h without treatment. Dishes were
incubated for 2, 24, 48 or 72 h in a humidified atmosphere of
5% CO2 in air at 37°C.

Morphological studies
For light microscopy, the explants were fixed in Bouin′s

solution for 4 h, dehydrated and then embedded in Paraplast®.
Four-micron sections were mounted and stained with
hematoxylin-eosin or periodic acid Schiff (PAS). For electron

microscopy, the fragments were fixed in 2.5% glutaraldehyde
buffered with 0.1 M sodium cacodylate, postfixed in 1% OsO4,
dehydrated and embedded in  Araldite resin. Ultrathin sections
were examined with a Jeol 100 CXII transmission electron
microscope.

Metaphasic index and statistical analyses
All dishes (n = 10-12 for each experiment) were treated

for the last 2 h of culture with 40 μl of vincristine sulphate/
ml (Oncovin, Lilly, Brazil) to block mitosis. Since metaphasic
cells were seen in the entire epithelia in this period of fetal
development, two different counts of the proliferative
compartment were performed, only in the glandular
epithelium alone or in the glandular and superficial lining
epithelia. Non-epithelial nuclei were not considered. Only one
observer counted the cells. Each experiment was repeated five
times in order to provide 5-10 dishes per treatment with each
dish containing three explants. An average of four random
optical fields (x100) per explant were counted. Finally, 20 to
40 random fields were counted per treatment. The Metaphasic
index was calculated as the percentage of metaphasic cells
relative to the total number of cells counted. The results are
reported as the means ± S.D. and the statistical comparisons
were done using the Mann-Withney test with p<0.05
indicating significance.

RESULTS

Morphological studies
Explants of the gastric corpus region from 20-

day fetuses maintained for 2 h in organ culture
consisted of shallow pit-glands (Fig. 1A) lined by
a simple columnar epithelium containing some
differentiated cells, mainly mucous (PAS+) and
parietal cells, typically acidophilic. This epithelium
overlays a mesenchyma rich in cells and a muscle
layer.

There were no morphological differences
between the explants maintained  in serum-free
medium and those kept in medium supplemented
with 10% FBS. After 24 h in culture, 78 dishes
(66%) contained well-preserved fragments. The
morphology of the glands and components of the
epithelia, connective tissue and smooth muscle
layer was similar to that of control fragments. Some
explants cultured for 48 h or 72 h were also well
preserved (Fig. 1B), but the loss caused by
degeneration was greater than after 24 h.
Somatostatin, LHRH and TGF-α  did not modify
the morphology of the gastric mucosa in vitro, since
the glands remained intact and showed well
differentiated components. The morphology was
greatly improved when the explants were cultured
for 24 h in TGF-α-supplemented medium (Fig. 2).
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In a few explants, the pit/gland structure
disappeared, although the columnar superficial
epithelial cells remained high and differentiated
(Fig. 3A). These cells were PAS+ and were
proliferating. We particularly named it as a
continuous epithelium. This modification was never
observed in 2 h-control or TGF-α-treated explants.

Re-epithelialization was observed as a layer of
simple squamous or cubic epithelium at the
sectioned edges of the explants (Fig. 3B).

Some apoptotic cells, distinguishable by the
condensation and marginalization of the chromatin
or by the presence of apoptotic bodies containing
clumps of dense chromatin, were seen mainly in
the lumen but also in the mucosa (Fig. 4A).
Ultrastructural observations confirmed the cell
shrinkage and chromatin condensation at the
margins of the nucleus, as well as the fragmentation
of the nucleus and cell (Fig. 4B).

Figure 1. Light mi-
crographs of transver-
sal sections of fetal
gastric mucosa
explants (controls)
cultured for 2 h (A) or
48 h (B) in serum-free
medium. P = parietal
cells in the glands, M
= mesenchyma, s =
smooth muscle layer.
Bars = 2 μm.

Figure 2. Light mi-
crograph showing
many metaphasic cells
(m) in a fetal gastric
explant incubated for
24 h in TGF-α-sup-
plemented medium. s
= smooth muscle
layer, M = mesen-
chyma.  Bar = 1 μm.

Figure 3. Light micro-
graphs of transversal
sections of fetal gastric
mucosa explants: A-
“Continuous epithe-
lium” with high colum-
nar cells (72 h with 10%
FBS). Note the
apoptotic and degener-
ating cells (arrows) in
the connective tissue. B-
Area of re-epithelializa-
tion  (arrow) at the edge
of a control fragment
(24 h in serum-free me-
dium). m = metaphasic
cells. Bar = 2 μm (A)
and  1 μm (B).

The ultrastructural analysis after 24 h in culture
showed that mucous cells retained their
morphological features, including a cytoplasm
containing many secretory granules (Fig. 5); the
parietal cells presented many mitochondria and the
intracellular canaliculi (Fig. 6A). Many coated pits
and coated vesicles were seen in epithelial cells
near the basal lamina (Fig. 6B), suggesting that
epithelial-mesenchymal interactions were
maintained.
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Figure 4. Apoptotic cells in the lumen of fetal gastric mu-
cosa. A- Twenty-four hours in serum-free medium. Note the
apoptotic cell in the lumen (arrow); B- Electronmicrograph
of apoptotic bodies after 24 h of treatment with LHRH. Bar =
1 μm (A) and  0.1 μm (B).

explants; however no significant differences were
found between these groups (Fig. 7).  The
quantitative analysis showed that the organ culture
conditions and the use of 10% FBS promoted  no
significant differences in cell proliferation in
control groups of 24h without treatment, compared
to 2 h-control group (Fig. 7). Somatostatin and
LHRH significantly inhibited cell proliferation in
fetal gastric epithelium when compared to the
corresponding 24 h control. In contrast, TGF-α
significantly increased the proliferation relative to
24 h controls, with or without 10% FBS. The
metaphasic indices for TGF-α  were also higher
than in the 2 h controls, showing its mitogenic
effect on gastric epithelial cells (Fig. 7).

DISCUSSION

The present study evaluated the morphological
preservation in differentiating fetal stomach after
24 h in organ culture and also demonstrated the
inhibitory effect of somatostatin and LHRH, as well
as the mitogenic action of TGF-α on  epithelial cell
proliferation.

Primary explants are usually maintained in
culture until the outgrowth of fibroblasts and
epithelial cells. Miller et al. [28] used this method
in human and adult rat gastric tissue to study the
effect of pentagastrin on fibroblast and epithelial
cell proliferation and differentiation. More recently,
T∅mmerÅs et al. [36] achieved cell differentiation
in tissue culture of fetal stomach. The disadvantage
of this method is that the epithelial architecture is
not preserved. The gastric mucosa is not easily
maintained in organ culture, and although the antral
mucosa of adult rats has been maintained
successfully for 24 h [16,24,40], the fundic mucosa
showed degenerative changes after 6 h in culture
[38]. Other authors have studied undifferentiated
fetal stomach in organ culture [12,27,37,41].
Yeomans et al. [41] reported success using 18-day-
old-rat fetuses, with a preservation rate of 71%.
However, maturation occurred in only 14% of the
explants. In our study, the rate of preservation was
67%, even in stomachs with differentiated cells.
The glands and connective tissue of these fragments
were well preserved, and proliferating cells were
seen in all layers. Ménard and coworkers [27,37]
also reported successful morphological and
physiological maintenance of  fragments obtained

Metaphasic index
For this analysis, the data were pooled from

several experiments and do not represent equal
numbers of fetuses in each case. Only well-
preserved explants were used for counting.

Metaphasic indices of explants cultured with
serum were lower than those of serum-free
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Figure 6. Electronmicrographs of fetal gastric mucosa fragments maintained for 24 h in medium treated with TGFα. A-  Pari-
etal cell with the intracellular canaliculus (C) filled with microvilli.; B- Basal region of gastric cell with underlying basal
lamina (L) and coated pits (arrow head). Bar = 0.1 μm (A) and 0.2 μm (B).

Figure 5. Electronmicrograph of an explant of fetal gastric mucosa maintained for 24 h in un-
treated medium. Note the epithelial cells with secretory granules (g).  Bar = 0.5 μm.
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indirect evidence of the relevant role for growth
factors. The overriding importance of epithelial
tissue was suggested in an epithelial cell default-
phenotype hypothesis [11], in which other cell types
would not be maintained without the presence of
specific factors and, as a result, these cells would
assume the epithelial default program. Extending
this hypothesis, in the case of some of the explants
without TGFα, in which the glands could not be
maintained, the lining epithelium remained
unchanged, perhaps because of entry into the
default program. In the absence of mesenchyma,
fetal glandular stomach epithelial cells differentiate
only into surface mucous cells and not into
zymogenic cells [12]. This finding agrees with our
results and supports the need for factors from
epithelial-mesenchymal interaction to maintain
differentiated epithelial cells in the stomach.
Interactions between the epithelium and
extracellular matrix are a requirement for normal
epithelial ontogenesis. Recently, Tsukada et al. [39]
reinforced the importance of the epithelial-
mesenchymal interaction for the proliferation and
differentiation of fetal stomach gastric cells
maintained in culture, in the presence of
glucocorticoids. Clathrin-coated pits and vesicles,
as shown in the current study, characterize this route
of uptake at the plasma membrane of basal
epithelial cells. We have previously shown such
vesicles near the basal membrane of fetal gastric
epithelium in association with a network of
lysosomes [1]. Thus, the presence of these
structures support our conclusion that epithelial-
mesenchymal interactions were maintained in organ
culture.

The presence of some apoptotic cells may
reflect the stress caused by the culture conditions
[7]. The change from in vivo to in vitro certainly
produces  physiological disturbances during the
initial period of culture, but these modifications
were not sufficiently aggressive to lead to necrosis.
Although apoptotic cells were not scored here, data
from our laboratory showed that the percentage of
these cells was less than 10%. However, we have
observed a 3-fold increase in apoptotic cells during
treatment with glucocorticoids (15), which strongly
inhibit gastric epithelium proliferation.

A 24 h incubation was short to show other
modifications in gastric mucosa as morphological
differentiation, but was enough to demonstrate that

Figure 7. Effects of somatostatin, LHRH and TGF-α on the
metaphasic index of fetal gastric glands after 24 h of culture
in serum-free medium or in medium supplemented with 10%
FBS. The values for a 2 h incubation are shown for compari-
son. Each bar represents the mean of (n) dishes + 1S.D.
*p<0.05 compared to the corresponding 24 h controls.
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from the human fetal stomach 12 to 17 weeks after
fertilization. The above differences in the length
of preservation  may partly reflect differences in
the ages of the fetuses. Explants of 20 day-old fetus
have differentiated cells that may be more
demanding than those younger cells.

FBS is a useful supplement in vitro and
contains growth factors and hormones which are
important for the maintenance of the explants.
Some authors have used 10% FBS in culture, even
when studying the effects of growth factors or
hormones [10,36].  In our experiments, the addition
of 10% FBS did not alter the morphology of the
explants or their preservation, but cell proliferation
was inhibited in both control and hormone-treated
explants when compared with those maintained in
serum-free medium.  These results agree with Malo
et al. [25] and confirm that FBS can interfere with
studies involving hormonal effects.

Re-epithelialization is the ability of mucosal
layer epithelial cells to cover the edges of  explants.
This process was described by De Ritis et al. [8]
and others [5,9,17] in cultures of gastrointestinal
organs but there is no consensus as to whether it
involves cell migration or proliferation. Our
observations suggest  both possibilities, because
the edge cells changed from cylindrical to a cubic
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organ culture with differentiated cells is useful for
studying the action of hormones and growth factors
on gastric cell proliferation.

The administration of somatostatin in vivo
affects gastric cell proliferation, but the mechanism
of inhibition is not well understood [13,23]. The
addition of somatostatin to the medium of normal
and malignant isolated gastric mucosa cells showed
that this hormone inhibits the growth of normal
cells at high concentrations [30]. In our study,
somatostatin  decreased the proliferation of fetal
gastric epithelium, probably through its interaction
with cell membrane receptors and subsequent
cAMP modulation [30]. A paracrine action on other
cells that have a trophic effect on the gastric
epithelium could also be involved [22,32].

LHRH is the hypothalamic regulator of
pituitary LH release. LHRH has also been identified
in extra hypothalamic sites, including immune
tissues, and an immunomodulatory role for LHRH
has been suggested [4]. LHRH inhibited cell
proliferation in the gastric epithelium in vitro, in
agreement with  results obtained  in vivo [13].
Binding sites for LHRH receptors were recently
described [14] suggesting that the hormone can
have a direct effect in the organ. It was already
shown that this hormone could act in other organs
besides the genital tract. Opposite responses were
reported, including the stimulation of T cell
proliferation [3,26] and the inhibition of pancreatic
tumours [35].

Transforming growth factor-alpha (TGF-α)
and its receptor, the epidermal growth factor
receptor (EGFR) play important roles in cell
proliferation in normal and regenerative gastric
mucosa. Montaner et al. [29] demonstrated the
expression of TGF-α  in the cytoplasm and
basolateral and apical membranes of surface and
gastric pit cells whereas EGFR was detected in the
supranuclear region of cells lining the gland. TGF-
α and its receptor are also expressed in exocrine
and endocrine cells of all gastrointestinal and
pancreatic tissues during human fetal development
[18]. The mitogenic action of TGF-α has been
shown in epithelial cells of normal digestive tissues
in vivo [19] and during ulcer healing [21], as well
as  in isolated gastric epithelial cells [6,31,34]. We
observed a similar effect in gastric mucosa in organ
culture in which this growth factor significantly
increased the metaphasic index of fetal epithelium

compared to the 2 h and 24 h controls. The
immunolocalization of TGF-α and EGFR verified
by others supports the hypothesis of a paracrine/
autocrine function in vivo and in vitro and this could
directly involve epithelial cells.

In conclusion, organ culture proved useful in
demonstrating the inhibitory action of somatostatin
and LHRH and the stimulatory effect of TGFα on
epithelial gastric cell  proliferation, thus
corroborating  our  previous  results  obtained  in
vivo [13].
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