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Abstract— The proventriculi of three small passerines have been studied by electron microscopy. Based
on morphology, location of cells and size of granules, ten different types of gastric endocrine-like cells
GELCs in the proventriculus were identified. GELCs were observed singly and in clusters in the
glandular tubules of the proventriculi. Clustered GELCs in connective tissue, with a blood and nerve
supply, is reported for the first time in the avian proventriculus. All GELCs were closely associated with
capillaries and many had unmyelinated axons in close proximity. There was a considerable range in the
size, electron density and distribution of the granular vesicles within the GELCs suggestive of
colocalization and storage of differennt hormones in the same cell. Although most types of GELCs were
round to oval, some had elongated cytoplasmic processes that contained numerous vesicles. The GELCs
also varied in that some had specific membrane associations with adjacent cells while others did not.
The identification of several types of cell suggests that there is considerable local hormonal control of
activity within these regions of the avian digestive system. The study attempts to provide a baseline for
future ultrastructural, immunocytochemical studies on the content of the granules in these cells.
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I. INTRODUCTION

Morphological and histochemical studies have described gastric endocrine-like cells GELCs, including
argentaffin and argyrophilic cells, in the proventricular epithelium.>*® Immunocytochemical studies
have identified several types of GELCs in the gastrointestinal tract of the domestic chicken including the
proventriculus.>® Other immunocytochemical studies have identified GELCs in the common finch,
pigeon, quail, duck, gull, kite*, New Holland honeyeater®; ostrich® and three other honeyeaters: brown
honeyeater, singing honeyeater and spiny-cheeked honeyeater.’

GELCs tend to be oval with long or short cytoplasmic process, adjacent to the basement membrane and
usually covered by epithelial cells. Some, the open type of GELC, make contact with the lumen via long
cytoplasmic process or with other GELCs while the closed type of GELC make contact with parietal or
chief cells.2*>”

GELCs in the gastrointestinal tracts of birds and mammals have been reported as individual cells®,
located between glandular or duct cells and the basement membrane.’

Andrew’ identified two types of enterochromaffin cells based on whether the secretory vesicles had a
maximum diameter of 290 nm or 510 nm but there is relatively little information on the ultrastructure of
GELCs in birds.

This study describes the ultrastructure and location of these cells in the proventriculi of three species of
small passerines Lichmera indistincta, the Brown Honeyeater; Poephila guttata, the Zebra Finch and
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Zosterops lateralis, the Silvereye that have different dietary regimens. The results show that several
morphological types of GELC are present in this region of the digestive system of these birds. The
different types of GELCs are described to provide an ultrastructural basis for future
immunocytochemical studies.

Il. METHODOLOGY

Tissue from the proventricular apparatus of granivorous, nectarivorous and omnivorous passerine birds
were fixed in half strength Karnovsky fixative and post osmicated for electron microscopy. The
specimens were processed for routine electron microscopy.™

I1l.  RESULTS

Several types of GELCs, based on morphology and location, were identified in the proventriculi of the
three species examined; some types were observed in more than one region. Individual or clusters of
GELCs were common within the glandular epithelium and connective tissue surrounding the
proventricular glands. Generally, the GELCs had pale to moderately electron-dense cytoplasm with few
organelles and numerous membrane-bound, cytoplasmic granules of varying morphology and electron
density.

3.1 Cells within the secretory epithelium:

Type 1. Large, rounded or slightly elongated cells that sometimes extended towards the luminal surface
of the secretory epithelium within the tubule and occurred individually or in small clusters. The
homogenous, membrane-bound, granules of medium to dark electron-density measured 230-490 nm in
diameter (Fig. 1.) There were no obvious interdigitations with adjacent chief cells. Axons, with large,
dense-cored, granular vesicles, were sometimes associated with these cells.

Figure 1 Figure 2
Type 2 GELC in the proventriculus of Lichmera
Electron micrograph of a cluster of type 1 endocrine-like indistincta having an attenuated process, with an
cells adjacent to blood vessels and surrounded by chief, atypical cytoplasmic swelling, extends from the nuclear
parietal-like cells of the glandular epithelium in the region of the cell and passes adjacent to the upper blood
proventriculus of Lichmera indistincta. Bar, 1um vessel. The arrowhead indicates an axonal profile. Bar,
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Figure 3 Figure 4
Type 3 GELC has an attenuated cytoplasmic process in
contact with a chief cell of the proventriculus of Lichmera
indistincta. The cytoplasmic granules are considerably
smaller than those of the type 2 GELC. Bar, 1um

The micrograph shows a type 4 GELC between the
chief, parietal-like cells and adjacent to the basal lamina
of the proventriculus of Zosterops lateralis. Bar, 1um

A " ¥

Type 2. These flattened cells, which had cellular projections that contained the majority of the granular
vesicles (Fig. 2), were basal in the secretory epithelium, had no interdigitations with adjacent cells but
did show occasional membrane junctions with adjacent chief cells. The 280-490 nm granules varied

considerably in appearance from almost electron-lucent to very electron-dense vesicles Fig. 2. These
GELCs were often adjacent to continuous capillaries.

Type 3. These contained small, dense-cored, granular vesicles 70-120 nm in diameter (Fig. 3). The cells
were basal to the secretory cells, had attenuated cytoplasmic processes and showed specialised
membrane contacts with chief cells or other GELCs. Small bundles of axons were often present in the
adjacent connective tissue.

Type 4. These, round to elongate cells contained mostly basal, pale to electron-dense granules, about
370-420 nm in diameter (Fig. 4). They were located between chief cells, adjacent to capillaries and
occasionally extended from the basal lamina towards the lumen of the epithelium. No interdigitations or
membrane specialisations with adjacent cells were observed.

Figure 5 Figure 6
Type 6 GELC is also located at the base of the
secretory epithelium of the proventriculus of
Zosterops lateralis. An unmyelinated axon arrowhead
is close to the basal lamina associated with this cell.

Type 5 GELC from the proventriculus of Poephila
guttata is located between the chief, parietal-like
cells and the basal lamina. Many of the dense-cored
secretory vesicles have distinct halos
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Figure 7 Figure 8
This electron micrograph shows the type 7 7 & 8 8 GELC This micrograph shows a cluster of type 9 GELCs in the
in the alveolar epithelium between the glandular neck periglandular connective tissue of the proventriculus of
cells G and the surrounding connective tissue in the Poephila guttata. Note that the electron-dense granules are

proventriculus of Poephila guttata. Unmyelinated axons  aggregated in the cytoplasm closest to the capillary C. Bar
a and a capillary C are close to the GELCs. Bar, 1um
Swl ! 4 PO
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Type 5. Located basal to the chief cells these round to elongate cells had relatively little cytoplasm and
contained160-230 nm dense-cored granular vesicles with distinct halos (Fig. 5). The RER in these cells
was usually swollen and they showed desmosome-like contacts, but no cytoplasmic interdigitations,
with chief cells.

Type 6. These elongate to flattened cells fig. 6 had relatively little cytoplasm that contained membrane-
bound, homogeneously filled vesicles about 125-185 nm. The cells were basal to chief cells with which
they had desmosome-like contacts. Small bundles of unmyelinated axons were often seen in the
connective tissue adjacent to these cells.

Type 7. This type contained granular vesicles of varying electron-density, about 280-380 nm in
diameter (Fig. 7). These round to oval cells with dense cytoplasm were basal to the glandular neck cells
and close to capillaries and axon bundles but did not show membrane specialisations with adjacent cells.

Type 8. These were elongate, pale-staining with small, dense-cored granules, about 65-100 nm (Fig. 7).
The granules, which lacked obvious halos, were usually aggregated in the basal cytoplasm. The cells
were basal to glandular neck cells and did not show membrane specialisations with adjacent cells.

3.2 Cells exterior to the secretory epithelium:

Some of these cells were morphologically similar to those described above but the location of the cells
within the lamina propria was considered sufficient to classify them separately from the previous types.

Type 9. Flattened, elongate to oval shaped cells that usually occurred in clusters or individually in the
connective tissue external to the basal lamina of chief cells and adjacent to capillaries. The numerous
260-300 nm granules showed varying electron density (Figs. 8 and 9). Occasionally, apparent
exocytosis of granules into the extracellular space between these GELC and chief cells was seen. No
membrane specialisations were observed.

Type 10. This type includes two possible variants: one with a paler cytoplasm than the other. These,
round to elongate cells occurred in clusters in the connective tissue external to the glandular neck cells.
The average diameter of the dense-cored, granular vesicles was 220 nm in the paler cells and 240 nm in
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the darker cells (Figs. 9 and 10). Axons that contain either dense-cored granular vesicles, 50-60 nm in
diameter, or small agranular vesicles, 45-60 nm in diameter were associated with these cells.

Figure 9 Figure 10
Electron micrograph showing a cluster of type 10
GELC:s in the interglandular connective tissue of the
proventriculus of Poephila guttata. Unmyelinated axons
arrowheads are closely associated with these cells. Bar,

These type 9 9 and 10 10 GELCs occurred in clusters in
the periglandular connective tissue of the proventriculus
of Poephila guttata. The two GELCs shown are adjacent
to a capillary. Bar 1um
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IV. DiscussioN

This ultrastructural study of the proventiculus of three species of small passerines has identified 10
morphologically different types of GELCs based on the appearance and arrangement of secretory
vesicles and associations with adjacent cells. The general appearance of these cells is comparable to that
of both argentaffin cells (enterochromaffin or Amine Precursor Uptake and Decarboxylation, APUD,
cells) that have pleomorphic granules and argyrophil cells that have regular, round granules as described
in mammals. ™

In ultrathin sections most GELCs in the proventriculus appeared round, elongate and flattened in
contrast to the oval cells previously described in thicker sections.*®> Endocrine-like cells in the avian
proventriculus are located between the oxynticopeptic cells and the basal lamina.>*® In mammals,
gastric GELCs have been described either between parietal cells and/or chief cells and the basal lamina.’
The present study confirms these locations. However, in contrast to previous reports, which have
described GELCs as occurring singly, this study has shown that GELCs occur either singly or in
clusters.

The clusters of GELCs were present in the glandular epithelium of the proventriculus, adjacent to chief
cells, and the intertubular connective tissue. Those in the connective tissue were separated from the
glandular epithelium and were closely associated with blood vessels. Their presence in connective tissue
is comparable with reports on endocrine cells in mammals'**” and birds.

This study has utilized the fact that secretory granules are the main intracellular storage sites for
secretory products*® and they show morphological variations that allow classification. The identification
of several types of GELC based on the granule and cellular features provides a morphological basis for
future ultrastructural immunocytochemical studies aimed at establishing the function of these cells.
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Despite the present lack of immunological results, the following attempts to correlate previous
descriptions with some of the present classification.

Three types of immunoreactive cells somatostatin-, gastrin releasing polypeptide [GRP] and serotonin-
immunoreactive cells have been described in the basal epithelium of gland lobules of the avian
proventriculus. These closed GELCs®’ are characterized by long cytoplasmic process that terminate on
other GELCs or chief or parietal cells. The ends of these processes are enlarged into synaptic bouton-
like swellings prior to terminating on the effecter cells.>”*® The morphology of these closed GELCs is
comparable with the current type 2, 3, and 4 cells.

The granules 150-490 nm in the current type 2 cells are similar to those in both mammalian and avian G
cells which produce gastrin.®® The diameter of the secretory granules of G cells in chick embryos
ranges from 190-250 nm3and 150-400 nm in mammals.'® The localization of GRP-immunoreactive
cells?* in the proventriculus suggests that avian G cells may produce and secrete gastrin similar to their
mammalian counterparts.

D cells produce somatostatin in both mammals and birds.>"** The diameter of the secretory granules of
D cells varies from 250-500 nm in mammals, 320 nm in chick embryos to 700 nm in humans. *® The
present type 4 cells have ultrastructural similarities to D cells.

Alumets et al.? identified APP cells in the proventricular, duodenal and rectal epithelia of newly hatched
chicks. According to Dayal 8, granules in APP cells are 150-170 nm in diameter while those in P cells
are 90-150 nm in diameter. The granules of type 6 cells have diameter of 125-180 nm and are similar to
those of both APP and P cells.

“A” cells of both the stomach and pancreas in mammals secrete glucagon.22 The present type 9 cells
have ultrastructural features similar to “A” cells of both the mammalian stomach and the avian
proventriculus® which resemble the pancreatic and gastric A cells.

The current study observed the presence of polymorphic secretory granules in the cytoplasm of some
individual endocrine cells. Earlier workers'"* observed and reported that an individual endocrine cell is
capable of synthesizing and storing more than one hormone in its cytoplasm. Modern researchers®*?
working on normal and pathologic endocrine tissues have reported the presence of polyhormonal
secretory granules in a single endocrine cell. The above reports coincide with the observations of the
current study.

The current study has shown that within one type of GELC the granules varied mophologically from
moderate to electron-dense or homogenous, membrane-bound, dense-cored granular vesicles with or
without halos. It is logical to assume that one type of endocrine cell is polygenic rather than monogenic
and it is highly probable that some GELCs observed secrete more than one type of hormone.

V. CONCLUSION

This study has identified 10 possible types of endocrine-like cells based on their location, and their
ultrastructural appearance. The possible endocrine function of these cells is supported by the presence of
dense—cored vesicles of varying size and appearance in the cytoplasm. The presence of polymorphic
secretory granules within the cytoplasm of some GELCs portrays their multihormonal function. The
study has revealed the presence of clusters of endocrine-like cells in the glandular epithelium,
interglandular and periglandular connective tissue.
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