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ABSTRACT

In this study we describe the ultrastructure of the endocrine cells observed in the midgut of M. quadrifasciata
anthidioides. This bee has two types of endocrine cells, which are numerous on the posterior midgut re-
gion. Cdlls of the closed type are smaller and have irregular secretory granules with lower el ectrondensity
than those of the open cell type. The open cell type has elongated mitochondria mainly on the basal area,
where most of the secretory granules are also found. Besides the secretion granules and mitochondria,
endocrine cells in this species have well-devel oped autophagic vacuoles and Golgi complex elements.
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RESUMO

Ultra-estrutura das células enter oendécrinas do intestino médio de
Melipona quadrifasciata anthidioides (Hymenoptera, Apidae)

Neste estudo descrevemos a ultra-estrutura das cél ulas enteroenddcrinas observadas no intestino médio de
M. quadrifasciata anthidioides, abelha na qual ocorrem dois tipos de céulas enteroendécrinas, concentradas
naregido posterior do intestino médio. As cdulas do tipo fechado s menores e passuem granul os de secrecéo
menos e etrodensos e menos regulares do que as células do tipo aberto. As células do tipo aberto possuem
ainda longas mitocondrias concentradas principalmente naregido basal, onde também se concentra a maior
parte dos granulos de secrecdo. Além dos granulos de secrecao e das mitocondrias, as células enddcrinas
nessa espécie possuem grandes vacuiol os autofagicos e elementos do complexo de Golgi bem desenvolvidos.

Palavras-chave: intestino médio, células enteroenddcrinas, ultra-estrutura, grénulos de secregdo, abelhas
sem ferréo.

INTRODUCTION Reinhardt, 1976; Cassier & Fain-Maure, 1977; Endo

& Nishiitsutsuji-Uwo, 1981; Nishiitsutsuji-Uwo &

The midgut endocrine cells of insects are not
eadly identified under light microscopy by techniques
classically used for their detection in vertebrates
(Cassier & Fain-Maurel, 1977; Andriés, 1976;
Montuenga et al., 1989; Jimenez & Gilliam, 1990).
However, ultrastructurd (Priester, 1971; Andries, 1976

Endo, 1981; Endo et al., 1982; Brown et al., 1985;
Andriés & Tramu, 1985; Montuenga et al., 1989;
Stoffolano et al., 1989) and immunocytochemical
studies have demonstrated the presence of these cells
in the midgut epithelium of various insect species
(Andriés, 1976; Nishiitsutsuji-Uwo & Endo, 1981;
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Endo et al., 1982; Andries & Tramu, 1984, 1985;
Iwanaga et al., 1986; Brown et al., 1986; Glattli et
al., 1987; Andries & Beauvillain, 1988; Montuenga
et al., 1989; Zitnan et al., 1993; An et al., 1998).

Few studies have been done with the use of
immunocytochemical techniques on endocrine cells
in the digedtive system of bees. The presence of these
cdllswas observed in Bombus . (Zitnan et al., 1993)
and in Melipona quadrifasciata anthidioides (Ne-
veset al., 2002). Raes & Verbeke (1994) described
in details the ultrastructure, ontogeny, and digtribution
of two types of endocrine cellsin Apis mellifera,
complementing the brief observations of Jimenez &
Gilliam (1990). Serrdo & Cruz-Landim (1996)
described the ultrastructural features of these cells
in Trigona spinipes and T. hypogea, two stingless
bee species with different feeding habits.

Midgut endocrine cells in insects are charac-
terized by presence of clear cytoplasm, secretory
granules mainly in the basal area, cytoplasmic pro-
cesses reaching the intestinal lumen, and absence of
basal plasma membrane infoldings since they are
scattered in the base of the digestive cells (Priester,
1971; Brown et al., 1985; Serrdo & Cruz-Landim,
1996). However, some differencesin relation to the
number, type, and distribution of these cells are
observed among the studied species, possibly
indicating important differences in the digestive
physiology of theseinsects (Andries & Tramu, 1985).

As part of an ongoing study to understand the
physiological role of the endocrine cellsin the bee
midgut, this paper describes the ultrastructure of
the endocrine cells observed in the adult worker
midgut of Melipona quadrifasciata anthidioides.

MATERIAL AND METHODS

Eight adult workers of M. quadrifasciata
anthidioides were andyzed. Bees obtained from nests
in the Central Apiary of the Federal University of
Vigosa, State of Minas Gerais, Brazil, were
immohilized by cold and their digestive tracts removed
in saline solution proper for insects (500 ml H,0, 3.75
gNaCl, 1.36 gKH,PO,, 1.2 g Na,HPO,). Midguts
were transferred to Karnovsky fixative solution
(Bancroft & Steven, 1996), for 24 h at 4°C. Pieces
were washed in 0.1 M sodium cacodylate buffer at
pH 7.2 and post-fixed in 1% osmium tetroxide in the
same buffer for 1 h. After anather washing inthe buffer,
the pieces were stained in 2% uranyl acetate for 12
h at 4°C, following dehydration in acetone series and
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embedding in Epon-aradite. Semi-thin sectionswere
stained with 1% toluidine blue-borax, and ultra-thin
ones were stained with lead citrate (Reynolds, 1963),
examined, and photographed under a Zeiss EM-109
transmission electron microscope.

RESULTS

Midgut endocrine cellsin M. quadrifasciata
anthidioidesare restricted to the posterior region of
the midgut. In the semi-thin sections, these cdlls show
cytoplasm and nucleus weekly stained, contragting with
the dark digestive cdlls. It was impossible, however,
to distinguish the presence of cytoplasmic granules
under lower resolution (Fig. 1). Midgut endocrine cdls
are smaller than digestive cells and have a more
euchromatic nucleus with one or two nucleoli. The
endocrine cdlswere found near the nests of regenerdive
cells, but never seen inside them, therefore no
relationship between them seemed to exist.

The ultrastructural features of these cells
allowed recognizing two different cell types that
were, according to the classification of Fujita &
Kobayashi (1977), identified as (1) the closed type,
whose apex does not reach the midgut lumen, and
(2) the open type that has a cytoplasmic prolongetion
reaching the epithelium apex.

Closed cells have their nucleusin the middle-
goicd portion, where the cytoplasmis scarce, with smdl
mitochondria and few secretory granules. The plas-
mamembraneis smooth and without the extensive basd
infoldingsfound in the neighboring digestive cdls (Figs
2, 4). The basal portion has many secretory granules
whose dectron dengity is similar to that of the adjacent
cytoplasm. The dosed cdls observed in this study have
dightly oval granules gpproximately 170 nm diameter
and exhibiting medium eetrondensity, acharacteristic
that facilitates observation of the secretory granule
membrane. Ultrastructural features of the secretory
granules are variable, because some have an eectron-
lucent halo with an electrondense core and others are
filled, i.e, they are not hdloed. In yet others, the contents
form clots (Fig. 6). Between the nucleus and the
secretory granules are large autophagic vacuoles, smdl
rough endoplasmic reticulum cisternae, and awell-
developed Golgi apparatus (Fig. 8).

Open cells have amore regular nucleus (Fig.
3) and the secretory granules are in the basal area.
Although they do not present basal plasma mem-
brane infoldings, some indentations into which the
basement membrane projects are observed (Fig.
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Size of secretory granule is around 150 nm and it

those observed in the dlosed cdlls, and morenumerous  isfilled with more electrondense content. Asin the
in theinfranuclear zone with the secretory granules,  closed cdlls, there are some autophagic vacuoles (Fig.

wherethey arelong and parallel to cell axis(Fig. 7).  7) and Golgi apparatus (Fig. 9).

5). Mitochondria are larger and more numerous than

Fig. 1 — Toluidine blue-borax stained semithin sections of the Melipona quadrifasciata anthidioides midgut, showing endo-
crine cells (arrowheads) and digestive cells (dc). mv: microvilli; m: muscular layer. Bar: 5 nm.

Fig. 2 — Closed-type midgut endocrine cell in Melipona quadrifasciata anthidioides. Notice the nucleus (n) and the basal portion
of the cytoplasm replete with secretory granules (arrowheads). Arrows: mitochondria; dc: digestive cells. Bar: 1 nm.
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Fig. 3— Open-type midgut endocrine cell in Melipona quadrifasciata anthidioides. Notice the regular nucleus (n) and the cytoplasm
replete with granules (arrowheads) and mitochondria (arrows). dc: digestive cells. Bar: 1 nm.

Fig. 4 — Basal portion of the closed midgut endocrine cell of Melipona quadrifasciata anthidioides showing the secretory granules
with low electron density (arrowheads) and the absence of basal plasma membrane infoldings and the smooth basement mem-

brane (bm). Arrow: mitochondria; m: muscle. Bar: 1 nm.

DISCUSSION

Gut endocrine cdlswith ultrastructura features
similar to those observed in the present study have
been described in several insect species. These cells,
previoudy termed granulate cells, were characterized
asfound in low number, with clearer cytoplasm than
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that of the digestive cells, electrondense granules,
and without basal |abyrinth, and are the same as the
“probable endocrine cells’ described by Platzer-
Shutltz & Welsch (1970). Two types of endocrine
cdls observed in M. quadrifasciata anthidioides have
ultrastructural features similar to those described for
the larval midgut of Aeshna cyanea.
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Fig. 5— Basd area of the open midgut endocrine cell of Melipona quadrifasciata anthidioides showing a great amount of mitochondria
(arrow) and the indentation of the basal portion of the cell penetrated by the basement membrane (bm). Arrowhead: secretory

granule; dc: digestive cells. Bar: 1 nm.

Fig. 6 — Closed midgut endocrine cell of Melipona quadrifasciata anthidioides. Notice that the secretory granule content shows
different patterns (arrowheads). Arrows: mitochondria. Bar: 0.2 nm.

However, in this Odonata species the cdllswere
only of the closad type and the secretory granuleswere
larger (Andries, 1976). Morphology, size, and electron
density of the secretory granules are important
characterigticsin classifying endocrine cells. Endo &
Nishiitsutsuji-Uwo (1981) found that the most common
cellsin severa Lepidoptera species were those with
round, smal (200-200 nm), and el ectrondense secretory
granules (Type 3, according to Cassier & Fain-Maurd,

1977), similar to the cells of the open type found in
M. quadrifasciata anthidioides Thiswas dso the only
type of endocrine cell observed in three Siphonaptera
species (Reinhardt, 1976) and in three other mosquitoe
pecies (Glétli et al., 1987). In Rnodnius prolixus open
cdls do not occur (Billingdey & Downe, 1986); these
are the predominant type in Schistocerca gregaria
(Montuenga et al., 1989). However, the significance
of thisvariation is unknown.
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Fig. 7 — Open midgut endocrine cell of Melipona quadrifasciata anthidioides showing electrondense secretory granules (ar-
rowheads), elongated mitochondria (arrows), and a large multivesicular body (mvb). Bar: 0.2 nm.

Fig. 8 — Closed midgut endocrine cell of Melipona quadrifasciata anthidioides showing a great autophagic vacuole (*) close
to the mitochondria that also presents degeneration signs (arrows) and a modified endoplasmic reticulum cistern (arrowheads).

Bar: 0.2 nm.

Among the Hymenoptera, earlier ultrastructural
reports on midgut endocrine cells were limited to a
description of afew small pyramidal cells, without
basal plasma membrane infolding and with
electrondense granules, inthe midgut of Apis mellifera
(Jmenez & Gilliam, 1990). Later, ill in A. mellifera,
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two open- endocrine cell types were described in the
posterior midgut region. These cells were termed
granular cells and contained electrondense granu-
lesof 100-200 nm diameter and vesicular cells having
large electron lucent vesicles of variable diameter
(Raes & Verbeke, 1994).
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Fig. 9 — Open midgut endocrine cell of Melipona quadrifasciata anthidioides. Notice the secretory granules with electrondense
core (arrowheads) close to the Golgi apparatus (G). V: vesicle; arrow: mitochondria. Bar: 0.3 nm.

Likewise, in two stingless bee species with
different feeding habits (Trigona spinipesand T.
hypogea) only one type of closed midgut endocrine
cell was described, without basal 1abyrinth and with
secretory granules accumulated in the basal cdll region
(Serréo & Cruz-Landim, 1996). In M. quadrifasciata
anthidioideswe found two different types of midgut
endocrine cells, one common to Hymenoptera species
and many other insects studied until now, athe cell
with smal, dectrondense granules. On the other hand,
the less el ectrondense granules found in the closed
cellsin the present study have not been described
in Hymenoptera. The vesicular cells observed in A.
mellifera (Raes & Verbeke, 1994) have larger and
less electrondense vesicles than the secretory gra
nules found in M. quadrifasciata anthidioides.

Ultragtructura features of the secretory granules
in the endocrine cdlls can be related to the peptide they
produce. However, this classification is hindered by
morphologica variations of these granules as aresult
of several factors (Grube & Forssmann, 1979).
However, ultrastructural differences among midgut
endocrine cells of the same species submitted to the
sametechnical procedure asin the present study may
suggest that these cdlls produce different peptides. In
this sense, midgut endocrine cellsin M. quadrifasciata
anthidioides produce FMRFamide-like, but not
cholecystokinin- and gastrin-like peptides (Neves et
al., 2002).

Midgut endocrine cells described in this study
show a series of ultrastructural characteristics
common to the midgut endocrine cells described
for insects and exceeding the simple presence of
secretory granules. Well-developed Golgi apparatus,
large residual bodies in the perinuclear area, and
elongated mitochondria are features common to
these cells, and should be added to classically
recognized others, such as less electrondense
cytoplasm and absence of basal infoldings
comparable to those of the digestive cells. It is
known that midgut endocrine cells produce different
peptides and future studies will be conduced to test
if there is correlation among the ultrastructural
features of secretory granules and the type of
secretions produced by these cells in bees.
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