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(Figure. 1 ;Plate 1)

In the mammalian gastrointestinal mucosa, several types of endocrine cells have been
recently described by certain histological and electron microsopic methods’ ™13,
In domestic fowl, enterocromaffin cells or argentaffin cells were observed in the

16,17)  Fyrthermore

18)

intestine by light microscopy'#'%) and by electron microscopy
argyrophil cells were observed in the proventriculus and gizzard by light microscopy
In the proventricular mucosa of the finch, two types of endocrine cells have been
also distinguished in electron microscopy!?). On the distribution of the endocrine cells
in the digestive tract of domestic birds, however, there are no informations available
to the auther’s knowledge.

The present paper intends to describe the presence and distribution of the endocrine
cells along the whole length of the duck digestive tracts and to discuss these data with
reference to the dense distribution of the endocrine cells in the psyloric regions of the

gizzard.

MATERIALS AND METHODS

Ten white Pekin ducks were used as materials. The specimens were obtained from
ten different regions of the duck digestive tracts; oesophagus, proventriculus, isthmus,
central part of the gizzard, pyloric region of the gizzard, duodenum, jejunum, ileum,
caecum and colo-rectum. The specimens were fixed in 3% glutaraldehyde or 10% forma-
lin. Then, they were embedded in paraffin, and sectioned at 6—8u in thickness. Staining
methods and procedures used are as follows: lead-hematoxylin according to SoLcia et al*®
HC1-toluidine blue method for endocrine cells according to SoLcia et al2), Bielschowsky
argyrophil method as modified by SEviEr and MunGer??), Masson’s ammoniacal silver
method as modified for staining argentaffin cells according to SingH ,23 and hematoxyin-
eosin.

The frequency of the endocrine cells were calculated in four to seven cases of each
observed region i.e. the number of the cells stained with each staining method was
counted in 3mm? and more of the mucosal area per a case and then the mean number of
cells per Imm? was estimated. The obtained data were analysed by various analysis.
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RESULTS
1. Staining property and presence of endocrine cells.

In the oesophageal mucosa of the duck, from the upper part of the crop to the end
of the oesophagus, no cells were stained with the methods applied for endocrine cells.

In the proventriculus, cells stained deep blue purple with lead-hematoxylin, deep
blue with HCl-toluidine blue or darkened by the argyrophil methods of Sevier and
Munger were observed in the mucosa and the proventricular glands (P11, 1-5). They
were found in great number in the glands, but lesser in the mucosa. No cells stained with
Masson’s method were observed in the proventriculus of the duck.

In the proventricular glands, the cells stained with lead-hematoxylin and with HC1-
toluidine blue were scattered in the lobules in great quantity, and they were oval or
spindle shaped (PLI, 1 and 2). While the cells stained by Sevier and Munger’s argyrophil
method were only oval in shape (PL.1, 3). The oval shaped cells stained with each of the
three methods above were larger (long diameter about from 12u to 154 and short
diameter about 7.5u) than the spindle shaped cells (long diameter about 10u and short
about 5u). The former were rather more located around the primary or secondary ducts,
while the latter were more located in the periphery of the lobules.

In the proventricular mucosa, the endocine cells were usually located in the base of
simple tubular glands, oval in shape and larger than epitheliar cells of the mucosa (PLI, 4
and 95).

In the mucosa of the isthmus, the shape, the location and the frequency of the cells
which were stained with the above mentioned three methods were similar to them in the
proventricular mucosa (P1.1, 6).

In the section of gizzard central part, a small number of the cells stained with only
lead-hematoxylin and HCl-toluidine blue were found between the epithelial cells of
simple branched tubular glands (PI.1, 7), but no obvious cells stained with the Sevier and
Munger’s method could be found.

It was worthy to note that in the restricted part of the gizzard mucosa adjacent to
the duodenum, cells stained with lead-hematoxylin or with HCI-toluidine blue were more
concentrated than in any other region of the duck digestive tracts observed in this investi-
gation, although there were no cells stained with Masson’s and Sevier and Munger’s
methods. This restricted part is called the pyloric region of the gizzard mucosa in this
paper. The pyloric region was about 5mm in wide and distinguished from the duodenum
by the absence of villus. A narrow mucosal fold was observed between the pyloric region
and the duodenum on the longitudinal section of the gizzard-duodenal junction. In the
pyloric region, the horny layer was thinner and the gland was somewhat more alveolar
than in the central part of gizzard. The definite boundary between the pyloric region and
the central part of the gizzard, however, was indistinct, because the frequency of the
endocrine cells gradually decreased as the thickness of the horny layer towards the central
part of gizzard increased. .

The shapes of the cells in the pyloric region were oval (long diameter about 10u and
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short diameter about 7.5u), spindle (long diameter about 13—15u and short diameter
about 7.5u) or more slender spindle (long about 10u and short about 5u) (P11, 8 and 9).

In the intestine of the duck, five regions, the duodenum, the jejunum, the ileum, the
caecum, and the colo-rectum, were examined. Cells stained with any of the methods used
in this investigation were found in the epithelium of both the villi and the crypts of the
above mentioned five regions in the same way (PL.I, 10—13). In other words, Masson’s
ammoniacal silver reactive cells, argentaffin cells, were observed only in the intestinal
mucosa among the duck digestive tracts (PL.I, 13). Shapes of these cells in five regions of
the intestine, were oval in the crypts and spindle in the villi. The long diameter of the
oval shape cells was from 10u to 15u and their short diameter was about 7.5u, while the
long one of spindle was about 25u and the short one was from 5u to 7.5u..
2. Distribution of endocrine cells.

The frequency and distribution of the endocrine cells in the different regions are
shown in the Fig. 1. The cells stained with lead-hematoxylin and HC1-toluidine blue
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Fig. 1 Frequency of endocrine cells in the different region of the duck digestive tract.
LH, HT, SMS and MS show number of cells stained with lead-hematoxylin,
HC1-toludine blue, Sevier and Munger’s argyrophil method and Masson’s
ammoniacal silver method respectively. The bar indicates standard deviation.

were most numerous in the pyloric region of the gizzard and secondly in the glandular
area of the proventriculus. In the intestine, a moderate number of endocrine cells were
observed, and no significant difference was observed among the different regions of the
intestine. Only a few endocrine cells occurred in the proventricular and isthmus mucosa,
and the fewest in the central part of the gizzard. It was note worthy that Masson’s
argentaffin method reactive cells were present only in the intestine, and Sevier and



130 Tishikazu OKAMOTO, Makoto SUGIMURA and Norio Kubpo

Munger’s argylophil method and Masson’s method stained cells were absent in the pyloric
region.

The frequency of the lead-hematoxylin stained cells did not differ from the HC1-
toluidine blue reactive cells in all the regions from the proventriculus to the colo-rectum:.
In the proventricular glands, however, the mean number of Sevier and Munger’s silver
method reactive cells per Imm?® was about one third of lead-hematoxylin or HCI-
doluidine blue. In the intestinal mucosa, there was no significant difference among the
mean number of the four methods reactive cells.

DISCUSSION

Lead-hematoxylin and HCl-toluidine blue have been known selectively to stain
many kinds of enterochromaffin and nonenterochromaffin, endocrine cells of the
gastrointestinal mucosa®#92%21) By means of these two methods in addition to the
argyrophil and argentaffin method, the distributions of almost endocrine cells in the duck
digestive tracts have been able to be obtain in this paper. In consequence, it seems to
indicate that the frequency of the endocrine cells in the duck digestive tracts were highest
in the pyloric region of gizzard mucosa, next in the proventricular glands, equally about
half the frequency of the pyloric region in the five regions of intestine, one tenth of the
proventricular glands in the proventricular and isthmus mucosa, and fewest in the
central part of gizzard mucosa.

The gastrointestinal endocrine cells amounted to ten types in humans®-81%12) and so
some mammals, for example, five types in the cat® six types in the rabbit® eight in the
pig?, by means of electron microscopic observation in addition to some histological
methods. From the results of this paper, there are at least two types of endocrine cells,
argyrophil cells and nonargyrophil cells in the proventriculus. In the pyloric region of the
gizzard mucosa, the existence of an other type of cells, nonargentaffin and nonargyrophil
cells, is also suggested concerning its shape and staining properties. Moreover, another
type of cells, the argentaffin cell, exists in the intestinal mucosa. Particularly, the
existence of argentaffin cells seems to point to that of enterocromaffin (EC) cells only in
the intestine in reference to the histochemical character of EC cell. The observation of
the existence of argyrophil cells in the proventriculus and of argentaffin cells in the
intestine of the duck has been consistent with the same observation in the fowl!5:!8),
Dawson and Mover '3 also observed argyrophil cells in the fowl gizzard. But the
existence of these cells in the duck gizzard could not be made evident in this paper. The
question whether argyrophil cells are present or not and the more detailed distribution
of endocrine cells in the duck gizzard mucosa must be a matter for future investigation.
That is to say, the present investigatidn appears to show the existence of four and more
types of endocrine cells in the duck digestive tract. For identification of the endocrine

cells types in the duck gastrointestinal mucosa, therefore, electron microscopic investi-

gation should be follows.

FARNER?® | quoted from a paper by Swenanper, referred that in cormorants,
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grebes, many waders, ducks and geese, there is a pyloric stomach which is a separate or
partially separated chamber between the gizzard and intestine. The portion which has
been called the pyloric region in this paper nearly corresponded to the pyloric stomach
mentioned above locally but was distinctly a part of the gizzard under the light micro-
scope. Histilogical structure of the pyloric region of the gizzard mucosa in this
observation was similar to the structure in about 0.5cm anterior to the fold separating the
gizzard from the intestine of the fowl?%) It was particularly interesting to find that the
endocrine cells were densely present in the pyloric region.

SUMMARY

The four histological methods, previously known to be useful in selective detection
of endocrine cells, were applied to the duck digestive tracts, from oesophagus to colo-
rectum. Cells stained with lead-hematoxylin and HC1-toluidine blue were observed in all
regions of the duck digestive tracts with the exception of the oesophagus. Argyrophil
cells were observed in proventricular mucosa and glands, and in the intestine. Argentaffin
cells were observed only in the intestine.

The frequency of endocrine cells in the duck digestive tracts was highest in the
restricted region of gizzard mucosa where was called the pyloric region in this paper, next
in the proventricular glands, equally about half of the frequency in the pyloric region in
the five regions of the intestine, one tenth of that of the proventricular glands in the pro-
ventricular and isthmus mucosa, and the smallest frequency was noted in the central part
of gizzard mucosa.

The pyloric region was about Smm anterior to the narrow mucosal fold separating
the gizzard from the intestine. It was an interesting to find that the endocrine cells which
were nonargentaffin and nonargyrophil were densely present in this region.

From the staining properties and the distribution of the endocrine cells, the possi-
bility of existence of four and more types of endocrine cells in the duck digestive tracts
was discussed.
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Explanation of Plates

Plate I.

All figures show duck digestive tracts. The magnifying force of all figures are x 550.
Proventricular glands. Lead-hematoxylin. Five spindle shaped endocrine cells stained deep blue
purple are observed between the glandular epithelium lining the alveoli (a).

Proventricular glands. HC1-toluidine blue. Similar to 1, four spindle shaped cells stained deep blue
are observed.

Proventricular glands. Sevier and Munger’s argyrophil method. Two typical oval shaped cells
darkened are observed. Upper cell is located around the secondary ducts (s).

Proventricular mucosa. Lead-hematoxylin. Two endocrine cells are located in the base of simple
tubular gland and oval in shape.

Proventricular mucosa. Sevier and Munger’s argyrophil method. Only one typical oval endocrine
cell is located in the base of the gland.

Isthmus. HC1-toluidine blue. Two oval endocrine cells are observed at the bottom of this figure.
L, lumen.

Central part of gizzard. Lead-hematoxylin. Only one oval endocrine cell is observed between the
epithelial cells of gizzard glands.

Pyloric region of the gizzard. Lead-hematoxylin. Oval, spindle or more slender spindle shaped cell
are counted nine.

Pyloric region of the gizzard. HCl-toluidine blue. Various shaped fifteen endocrine cells are
observed.

Jejunum. Lead-hematoxylin. Three spindle shaped cells are observed between the villous epithelial
cells. ¢, lumen between villi.

Duodenum. HCI-toluidine blue. Between the epithelial cells of crypts, five oval endocrine cells
are observed.

Jejunum. Sevier and Munger’s argyrophil method. Two typical spindle shaped cells are observed
between the epithelial cells of villus. ¢, lumen between villi.

Jejunum. Masson’s ammoniacal silver method. Two typical spindle shaped endocrine cells reacted
dark brown are observed alike 10 and 12. £, lumen between villi.
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