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Introduction

Endocrine cells in the adult digestive tract have been studied and elucidated by many
investigators. But the information concerning the differentiation and development of the
endocrine cells in the fetal gastrointestinal tract is scant. (PENTILLA, 1968a, b; Osaka,
1975; HaAGE ef al., 1972 ; DE LEMOs, 1976).

The present correlative investigation was undertaken under light and electron mi-
croscopy to study the development and maturation of the endocrine cells in the pyloric
region of the Japanese quail.

Materials and Methods

For these experiments, the pyloric region of the Japanese quail from the 8th day of
incubation up to one day after hatching were used. Postnatal pyloric mucosae were also
taken from one-week and three-week old quails, For light microscopic study, Bouin’s
solution and neutral buffered formaldehyde solution were used as fixatives. Staining
methods used in this study were as follows: alcian blue(AB)-periodic acid shiff (PAS)
staining method, Diazonium reaction {(SoLcia ef al. 1969a), Masson-HAMFERL silver
method (SinGH, 1964), GRIMELIUS silver method (GRIMELIUs 1968), DAVENPORT silver
method (HELLERSTRSM and HELLMAN, 1960}, Lead-haematoxylin method (SoLcia ef al.
1969 b).

For electron microscopy, tissues were fixed in 2.66% glutaraldehyde in 0.1 M phosphate
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buffer (pH 7.3), and postfixed in 1% osmium tetroxide in the same buffer. Sections about
1p thick were stained with 1% toluidine blue {pH 7.0-8.0). In addition, ultrathin sections

were stained with uranil acetate and lead nitrate solution.

Results

Light microscopic observations: On the 14th day of incubation, exocrine granules
weakly stained with alcian blue were seen on the surface of the epithelium (Fig. 1).
GRIMELIUS positive cells and DAVENFPORT positive cells first appeared in the epithelium on
the 13th day of incubation (Figs. 3 and 7). No endocrine cells were seen in any tissues
except the epithelium. The lamina muscularis mucosae appeared thick at this stage.

GRIMELIUS silver impregnated granules appeared to be weakly brown-stained (Fig. 4),
while DAVENPORT silver impregnated granules were clearly black-stained (Fig. 8) on the
l4th day of incubation. The pyloric glands appeared to develop into the branching duct
system at about this stage. Exocrine granules reactive to alcian blue were seen restricted
in the upper portion of the gland after this stage.

Lead-haematoxylin positive cells occurred in the epithelium on the 15th day of incu-
bation (Fig. 11). Exocrine cells in the upper portion of the gland appeared to be gradually
increasing, with the endocrine cells showing the same parallel increase in the lower portion
of the gland during the development (Figs. 2 and 9).

It seems that from one week after hatching, the frequency of occurrence and distri-
bution of endocrine cells are similar to that of the adult (Figs. 6, 10 and 12). All the
endocrine cells seen in this study were restricted to the epithelium. Argentaffin cells and
enterochromaffin cells were not found in any tissues of the pyloric region.

Electron microscopic observations : There were few remarkable differences in the endo-
crine cells of the embryo and the adult. Only small, round mitochondria and poorly de-
veloped Golgi apparatus were recognized in the earlier stages.

The granulated cells first appeared in the epithelium on the 11th day of incubation
(Fig. 13), with granules (280-520 nm) having a lucent halo and high dense core (180-330
nm). The morphology of these granules appeared somewhat similar although a little
different from the Il-type cells (YaMaDA ef al., 1978).

Some immature cells having a few and small granules (190-260 nm) were seen on the
12th day of incubation (Figs. 16 and 17), some of which already showed microvilli pro-
jecting into the glandular lumen (Fig. 17).

Three types of endocrine cells first appeared in the epithelium on the 13th day of
incubation (Figs. 18, 20 and 23). Type I cell granules were 280-340nm in diameter,
whereas granules of type II cell were™230-330 nm in diameter. The granules of type IIT
cells were smaller (140-280nm). At this stage, the frequency of the three cell types
appeared to be low.

The same endocrine cells seen on the 1lth day of incubation occurred also in the
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lamina propria mucosa on the 13th day of incubation (Fig. 14), and in the epithelium on
the 16th day of incubation (Fig. 15). These cells, however, did not show a direct connection
with the nervous elements.

The appearance of the emiocytotic figure present in-the II-typz cell occurred on the
14th day of incubation (Fig. 21). Granules larger than 400 nm were observed in I-and II-
type cells.

Endocrine cells on the day after hatching appeared to have the frequency and mor-
phology of that of the adult (Figs. 19, 22 and 24).

Discussion

These results suggest“' that the endocrine cells differentiate in the epithelium, as found
by MassoN (1914), MoNEs: (1960), SINGH (1964), PENTTILA (1968a), DE LEMos {1976) and
not in the connective tissue (KULL, 1925) or in the nervous tissue (DaNisH, 1924 ; PEARSE,
1969, 1973; Osaka, 1975). The final differentiation, ie., the development of the function
to produce specific endocrine granules, at least seems to occur in the epithelium. This
study, however, can not give specific evidence as to the origin of the endocrine cells in the
pyloric region. Much more intensive investigations are needed for elucidating this problem.

No argentaffin cell or enterochromaffin cell was observed in this study. All endocrine
cells found during embryonic development were identified as argyrophil cells. This finding
suggests that the argentaffin or enterochromaffin cells never occur in the pyloric region
throughout the individual development and that this region of the digestive tract is largely
different from the pyloric antrum of the mammal.

The granulated cells first found in the epithelium on the 11th day of incubation
appeared to be a little different from the earlier classified II-type cells in the pyloric
region (YAMADA ef al, 1978). The absence of reactivity to silver methods and Lead-
haematoxylin staining method before the 13th day of incubation possibly suggests that
these cells seem to be classified into a different cell type. Their granules, however, have
some similarlities with II-type cells. In addition, the morphological changes caused by
the fixation (McC MORTENSEN et al., 1977) can be another factor for consideration.

Endocrine cells in the corpus of the fetal human were considered to be closed-type
{DE LEMos, 1976). It was reported, however, that the basal-granulated cells in the duo-
denum of the human fetus are at first the closed-type, but later reach the lumen to hecome
open-type (OsAKA, 1975).  In this study, the unclassified and likely undifferentiated endo-
crine cells did not necessarily show a closed-type in the pyloric region of the quail embryo.

The concommitant appearance of argyrophil cells and the ultrastructurally identified
endocrine cells on the 13th day of incubation suggests that the development of specific
endocrine granules is connected with the beginning of the synthesis and storage of argyrophil
materials. Earlier reports of the occurrence of 5-hydroxytryptamine fluorescence and

enterochromaffin granules at the same time (PENTTILA, 1968a, b) supports this parallel
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maturation.

In the rat pyloric antrum, argyrophil cells and argentaffin cells occurred on the day
after birth (Yosumo ef al, 1978). However, argyrophil cells in the pyloric region of the
quail appeared on the 13th day of incubation. This remarkable difference may bs due to
species variation and eating habits.

The emiocytotic release of granules of the II-type cell on the 14th day of incubation
supported an earlier report that endocrine cells are not only functioning in the embryonic
stage, but also may be releasing hormones without any luminal stimulation by the ad-
ministration of some chemicals {Osaka, 1975).

In the quail, the epithelium of the pyloric region seems to bz similar to the adult
ultrastructurally as early as one day after hatching.  Histochemically, the similarity exists
one week after hatching.

Summary

The development and maturation of the endocrine cells in the pyloric region of the
Japanese quail were examined under light and electron microscopz from the 8th day of
incubation to 3 weeks after hatching. The results obtained are summarized as follows:

1) Histochemically, the alcian blue reaction was first seen along - the crypts on the
11-12th day of incubation. From thz 14th day of incubation, the gland  appeared to
show a branching duet system and two poorly defined layers, one of exocrine cells in the
upper portion and the other of endocrine cells in th= lower portion.

2) Argyrophil cells positive to the GRIMELIUS silver method and the DAVENFORT
silver method were first seen in the epithelium on the 13th day of incubation, although still
few in number. Lead-haematoxylin positive cells were never found before the 15th day
of incubation.

3) Argentaffin cells and enterochromaffin czlls were never seen in any tissues of the
pyloric region during development.

4) Ultrastructurally, unclassified endocrine cells with many granules showing spzcific
morphology were found only at thrze stages: in thz epithzlium on the 11th day, in the
conmnective tissue on the 13th day and in thz epithelium on the 16th day of incubation.
Their frequency of occurrence was very low. '

5) On the 12th day of incubation, undifferentiated czlls were seen in the epithelium,
some of which showed the opan-typs with short microvilli. g

6) The emiocytotic figure was found on the 14th day of incubation.

7) On the 13th day of incubation, I-, II- and IlI-type cells were first found in the
epithelium.

8) Histochemically, endocrine cells in the pyloric region are similar to that of the
adult at one week after hatching, but ultrastructurally, the morphology and frequency are
similar as early as one day after hatching.
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Explanation of Plates
Plate I

Alcian blue reaction found along the surface of the epithelium. 14th day of incubation.
BOUIN fixation. AB-PAS, x300 -
Exoerine cell layer containing considerable of exocrine material strongly positive to aleian
blue. 1-week old. BOUIN fixation, AB-PAS. =300
Two argyrophil cells {arrows) in the epithelium. Positive granules in the cytoplasm are
quite few in number. BOUIN fixation. GRIMELIUS, x900
Argyrophil cell (arrow) in the epithelium. The reactivity appeared to be increased. 14th
day of incubation. BOUIN fixation. GRIMELIUS. x9300
Argyrophil cells in the epithelium. 16th day of incubation. BOUIN fixation. GRIMELIUS.
% 450
Argyrophil Cells showing almost the adult frequency and distribution. Insert: a cell
containing plenty of positive granules {x900). l-week old. BOUIN fixation. GRIMELIUS.
% 450

Plate II

A cell (arrow} showing poor reactivity in the epithelium. 13th day of incubation. BOUIN
fixation. DAVENPORT. X900

Two argyrophil cells (arrows) stained clearly in the epithelium. 1d4th day of incubation.
BoUIN fixation. DAVENPORT. x300

Strongly positive cells, but still few in number, are seen in the epithelium. 16th day of
incubation, BOUIN fixation. DAVENPORT. X320

Many argyrophil cells showing almost the adult frequency and distribution. 1l-week old.
BOUIN fixation. DAVENPORT. %6500

Lead-haematoxylin positive cells appeared in the basal portion of the epithelium. 15th day
of incubation. Formalin fixation. Lead-haematoxylin. x450

Endocrine cells histochemically showing almost the same frequency and distribution as the
adult. l-week old. Formalin fixation. Lead-haematoxylin. x600

Plate II1

Unclassified granulated cell in the epithelium showing the long bundie of microfilaments
and many granules. 1llth day of incubation. x35600

A cell with the same type of granules as Fig. 15 is seen in the connective tissue. 13th day
of incubation. %5600

The peculiar basal-granulated cell showing the open type. 16th day of incubation. x5600
An undifferentiated cell in the epithelium showing poor developed. 12th day of
incubation, x 5600

An undifferntiated cell showing the open-type. 12th day of incubation. x5600

A Ttype cell in the epithelium. 13th day of incubation. x5600

Plate IV

A Ltype cell of the open-type having large granules. One day after hatching. x5600

A Iltype cell in the epithelium showing the closed-type. 13th day of incubation. x5600
The emiocytotic figure (arrow) is seen in the type II cell. 14th day of incubation. 30000
IL-type cells (II} and a IIl-type cell (III) in the epithelium. x 5600

A Til-type cell showing very small granules in the epithelium, 13th day of incubation.
x 5600

A TIItype cell showing an undistinguishable change compared with the granule of III-type
cells found on the 13th day of incubation. One day after hatching. %5600
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Plate III
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Plate IV T. KAYAMORI, et al.
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