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Abstract: Intestinal explants of animal fetuses could be an useful instrument to study the development of
the small intestine and gut infections. Various techniques have been described for the in vitro maintenance
of intestinal tissue from adult, suckling or fetuses mice, but their use is limited by fast evolution to necro-
sis. In order to study in detail the effect of viruses infection on intestinal mucosa, we have developed an in
virro model using gut explants of mice fetuses. BALB/C mice fetuses where obtained by mid-line abdomi-
nal incision on days 18 to 20 of mice gestation. The intestines were collected and placed in cold complete
medium (RIMI 1640, antibiotic and fetal bovine serum). They were incubated in petri dishes at 37°C in 5%
CO,. The results of light and electron microscopy observations showed that the explants may be cultured
for up 5 days and that the enterocyte villi maintained the normal architecture similar to in uterus grown
mice. Therefore, we conclude that this methodology could be used in the investigation of gut viral infec-
11ons.
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Resumen: Los implantes intestinales de fetos animales podrian ser un instrumento ttil para estudiar el de-
sarrollo del intestino pequenio e infecciones intestinales. Se han descrito varias técnicas para el mantenimien-
toin vitro de tejido intestinal adulto, de lactantes o fetos de ratones, pero su uso estd limitado por la evolucion
rapida a la necrosis. Para estudiar en detalle el efecto de infecciones virales sobre la mucosa intestinal, en este
estudio se ha desarrollado un modelo in vitro usando implantes del intestino de fetos de ratén. Se obtuvieron
fetos de ratones BALB/C mediante incisién abdominal los dias 18 a 20 de gestacién de los ratones. Los intes-
tinos fueron colectados y colocados en medio completo frio (RIMI 1640, antibiético y suero bovino fetal). Se
incubaron en platos de petri a 37°C en CO2 al 5%. Los resultados al microscopio de luz y electrénico mostra-
ron que los implantes pueden cultivarse hasta por 5 dias v que las vellosidades de los enterocitos mantuvieron
laarquitectura normal similar a los ratones crecidos en ttero. Por consiguiente, se concluye que esta metodo-
logia puede emplearse en la investigacién de infecciones virales intestinales.
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INTRODUCTION

The pattern of some in vitro experimental models to study
morphological, physiological and immunologically the
small intestine has been described by different groups
(1-9, 11-15). So far none of these studies have shown an
ideal model to study short term viral infections.

Previously we established an heterologous rotavirus
infection in suckling mice in vitro, in order to get infor-
mations about SA-1 I rotavirus replication inside entero-
cytes and damages caused by this infection at an ultra-
structural level of observation (10). In sequence we
searched for a model that enables us to answer immuno-
logical as well as ultrastructural questions in intestinal
viral replication. The utilization of small intestine ex-
plants may simulate the enterocyte-enteric pathogens in-
teraction.

The study of gut in itre culture systems has received
much effort through the years with human gut (1, 3, 6, 8,
12, 15), pig gut (5), rat gut (13, 14), pony gut (2), but few
workers have studied in 2itro maintenance of mouse in-
testinal tissue (4, 7, 11). The culture of fetal mice small
intestine have been done for up to 72 h by Calvert and
Micheletti (4). A longer survival time of mice intestinal
explants is necessary to study replication of viruses that
multiply, besides 72 hours of culture.

The present paper describes the morphological ap-
pearance of explants of fetal mice intestinal mucosa up to
five days in culture by laser scanning confocal and elec-
tron microscopy.

MATERIALS AND METHODS

Explant culture-BALB/C mice originally obtained from
a colony maintained at the Instituto Nacional do Cancer
(INCA), Rio de Janeiro, Brasil, were used. Eighteen to 20
days old mice fetuses were removed from the female by
abdominal incision. After mid-line abdominal incision,
the small intestines from fetuses were collected and
placed into petri dishes containing RPMI 1640 medium
with Hepes 2%, 10% fetal bovine serum, penicillin, strep-
tomicyn and fungison, in ice bath. Intestines were trans-
versally cut into 2 to 3 mm segments. The dishes were
placed in incubators at 37°C in 95% 02 / 5% C02 gas mix-
ture for 5 days.

Laser scanning confocal microscopy (LSCM)- For
LSCM the fragments of small intestine were stained with
Evans Blue dye in concave slides and observed in a Zeiss
LSCM.

Electron microscopy (TEM). For TEM studies, sam-
ples of the intestine were fixed with 2% glutaraldehyde in
0.2 M cacodylate buffer pH 7.2. The segments were post-
fixed in 1% osmium tetroxide, dehydrated in graded ace-
tone and embedded in Epon. Ultrathin sections were
stained with urany acetate and lead citrate and examined
with a Zeiss EM-900 electron microscope.
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Scanning electron microscopy (SEM). For SEM
samples were fixed with 2% glutaraldehyde in 0.2 M
cacodylate buffer pH 7.2, postfixed in 1% osmium tetrox-
ide and dehydrated in graded acetone as described above.
Tire samples were dried in a critical point drying appara-
tus (Balzers) and coated with a 20 nm thick gold layer.
Observations were made using a Zeiss DSM-940.

RESULTS

Cultures of intestinal explants of fetal mice for up to 5
days were examined by SCLM, SEM and TEM.

At four days of culture, morphological observations
by means of SCLM showed a well preserved intestinal ex-
plant architecture. The morphological aspect of the cul-
tured intestinal explants was quite comparable to that of
uncultured explants (Fig. 1). Enterocytes with well de-
veloped villi presented the nuclei frequently situated at
the basal part of the cells (Fig. 2).

Uncultured intestinal villi observed by SEM showed
well developed and regularly rounded tips (Fig. 3). Tire
explants observed at three days in culture presented pres-
ervation of the cell structure similar to the uncultured in-
testine. Damaged cells were not detected at this time of
culture (Fig. 4). At four days in culture, epithelial cells
retained normal morphology, showing densely packed
microvilli (Fig. 5). Gut explant cultures at five days
showed also a good preservation of intestinal villi, never-
theless, microvilli of some absorptive cells started to be
irregularly distributed (Fig. 6).

At TEM level the uncultured gut explants showed
dense and uniformly stained cytoplasm, a layer of colum-
nar epithelial cells with regularly placed microvilli, well
preserved nuclei, mitochondria and endoplasmic reticu-
lum (Fig. 7). Three explants at the fifth day in culture
showed a preserved layer of enterocytes with regularly
placed microvilli and mitochondria, similar to the ob-
served in the uncultured explants. Nevertheless, the en-
terocytes contained some swollen organelles and reduced
cytosol (Fig. 8).

DiscussIoN

In order to get viral replication in mice enterocytes, the
absorptive cells have to be differentiated, presenting well
developed microvilli. Adult mice intestines were main-
tained in culture up to 48 hours as recommended by Fer-
land and Hugon (7), showing well preserved mucosa at
light and TEM levels. In sequence, Malo et al. (11) used
suckling mice small intestine cultures obtained well pre-
served ultrastructure of enterocytes for up lo 48 hours of
culture. Calvert and Micheletti (4) analyzed fetal mice in-
testines using several culture media. The best result was
obtained using RPMI medium, as used in our experi-
ments. These authors observed fetal mice intestine ex-
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Figure 1. LSCM. Uncultured intestinal villi explant. The nucler Figure 2. LSCM. Intestinal explant at the fourth day of culture.
of the enterocyies are located at the basal part of these cells (ar- The nucler are vet located ar basal part of the enterocytes.
Bar =31,2 um,

Figure 3. SEM.
Uncultured intestine villi
explant. The enterocyte
surfaces present a regular
pattern. Bar = 5,5 um.

Figure 4. SEM. Intestinal
explant at the third day of
culture. Microvilli on
enterocyie surfaces are
well preserved (arrow).
Bar = 1,8 um.

Figure 5, SEM. Intestinal
explant at the fourth day
of culture. The microvilli
are vet well preserved.
Bar = 1,5 um.

Figure 6. SEM. Intestinal
explant art the fifth day of
culture. The explant of
intestine started 1o show
irregularly distributed
microvilli. Bar.= 1,6 um,
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Figure 7. TEM. Intestinal
explant at the fifth day of
culture. Cell degeneration is
starting by lack of cytosol.
Bar.=1,6 pm.

Figure 8. TEM.
Unculwured explant
intestinal enterocytes. The
nuclei are located at the
basal side of enterocytes.
A well developed layer of
structured and regularly
distributed rnicrovilli is
common of these cells.
Bar = 1,6 um.
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plants of 15 days of gestation during 72 hours and found
poor absorptive cell differentiation with very short
microvilli.

In the present experiment, fetal mice intestine ex-
plants, at 18-20 days of gestation at 72 hours, showed that
enterocytes are well differentiated showing normally de-
veloped microvilli. This aspect was maintained until the
fifth day in culture. Although degeneration and autolysis
of the cells became at fifth days in culture, the structural
preservation of the villi was yet observed.

This fetal mouse model is contamination free and
can enhance the understanding of human gastroenteric
viruses and other microorganism infections, since the
majority of them are short-term diseases.
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