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ABSTRACT

The morphology of the midgut epithelium cells of Anticarsia gemmatalis (Hibner) larvae is described
by light and transmission electron microscopy. The midgut of A. gemmatalis is the largest portion of
the digestive tract, with three distinct regions. proximal, media and distal. Its wall is formed by
pseudostratified columnar epithelial tissue having four cell types. columnar, goblet, regenerative, and
endocrine cells. The columnar cells are numerous and long, with the apical portion showing many lengthy
microvilli and the basal portion invaginations forming a basal labyrinth. The goblet cells have alarge
gobl et-shaped central cavity delimited by cytoplasmic projections filled with mitochondria. The regen-
erative cells present electron-dense cytoplasm and few organelles. The endocrine cells are character-
ized by electron-dense secretory granules, usually concentrated in the cytoplasm basal region.
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RESUMO

Intestino médio de larvas de Anticarsia gemmatalis (Hiibner) (Lepidoptera: Noctuidae):
estudo das células epiteliais ao microscopio de luz e eletronico

A morfologia das células epiteliais do intestino médio de larvas de Anticarsia gemmatalis (HUbner)
é descrita em microscopia de luz e eletrénica de transmissdo. O intestino médio de A. gemmatalis
€amaior porcdo do trato digestivo, apresentando trés regides distintas; proximal, média e distal. Sua
parede é formada por um tecido epitelial pseudo-estratificado colunar, com quatro tipos celulares:
células colunares, caliciformes, regenerativas e endécrinas. As células colunares, observadas em maior
guantidade, sdo altas, apresentam longas e numerosas microvilosidades na porcédo apical e na por¢éo
basal as invaginacfes da membrana formam o labirinto basal. As células caliciformes apresentam
uma grande cdmara central delimitada por projecdes citoplasméticas repletas de mitocéndrias no in-
terior. As células regenerativas tém o citoplasma mais elétron-denso e com poucas organelas. As células
enddcrinas sdo caracterizadas pela presenca de granul os secretores bastante el étron-densos concentrados
principal mente no citoplasma basal da célula.

Palavras-chave: Lepidoptera, lagarta-da-soja, morfologia, ultra-estrutura, intestino médio.
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INTRODUCTION

The digestive tract of insectsis considered an
effective physical and chemical barrier against
potentialy invasive pathogens that are ingested with
food. The velvetbean caterpillar, A. gemmatalis
(Lepidoptera: Noctuidag), is the mgjor soybean crop
pest in Brazil and has been biologically controlled
by a nuclear polyhedrosis virus (AgMNPV). The
infection starts when the caterpillar present in treated
soybean tillage ingests the polyhedra that are dis-
solved and whose derived virions are released in
the midgut lumen. These virions supposedly pass
through the peritrophic membrane and fuse with
the microvillar membrane of the midgut epithelial
cells, initiating the replication cycle (Flipsen et al.,
1995; Volkman, 1997). Although the biology of this
pest has received alot of attention, little is known
about the larval internal morphology, especialy the
midgut, which plays a major role in food and
insecticide absorption. This work provides a
description by light and transmission electron
microscopy of the epithelial cell types observed in
the midgut of the 4. gemmatalis noninfected larvee,
aiming to improve the understanding of the morpho-
physiological mechanisms involved in the defense
of thisinsect, when in contact with the AGQMNPV.

MATERIALS AND METHODS

Anticarsia gemmatalis (HUbner) larvae were
provided by the Laboratério Entomol égico, Centro
Nacional de Pesquisa da Soja (Embrapa Soja),
Londrina, Paran& State, Brazil. The larvae were
maintained in the laboratory with an artificial diet
(Hoffmann-Campo et al., 1985) under controlled
temperature (25-27°C), photoperiod (14 h light/10
h dark), and relative humidity (80%).

Larvee of the 5th and 6th ingtars (12-16 days),
after being rapidly rinsed in 70% alcohol, were
immobilized in afreezer (5 min) and dissected in
Petri dishes containing paraffin under a
stereomicroscope in insect sdine solution (1SS— 1.80
g of NaCl; 1.88 g of KClI; 0.16 g of CaCl,; 0.004
g of NaHCO,; distilled water-g.s.p. 100 ml).

For light microscope studies, the midgut was
isolated and fixed in Bouin's solution or in the
phosphate buffer (0.1 M, pH 7.3) with glutaraldehyde
(2.5%) and paraforma dehyde (4.0%) solutions. After
dehydration in a graded ethanol series, the materia
was embedded in paraplast or in JB4 historesin and
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cut with glass knives in a rotary microtome. The
sections were stained with hematoxylin-eosin,
andyzed, and photographed with an Axiophot (Zeiss)
photomicroscope. For eectron microscopic studies,
the midgut was fixed in a solution containing 2.5%
glutaraldehyde and 4.0% paraformaldehyde in 0.1
M phosphate buffer (pH 7.3), postfixed in 1%
osmium tetroxide solution in the same buffer, dehy-
drated in a graded acetone solution, and embedded
in Aradite®. Ultra-thin sections were stained with
uranyl acetate and lead citrate, analyzed, and pho-
tographed with an EM-301 (Phillips).

RESULTS

The midgut wall of the A. gemmatalis consist
of an acellular peritrophic membrane that delimits
the midgut lumen in ectoperitrophic and endoperi-
trophic spaces, a pseudodtratified columnar epithelia
tissue with a brush border, a basement membrane,
and muscular layers composed of bundles of inner
circular and outer longitudinal muscles (Figs. 1-3).

The columnar cdlls are numerous and prismatic
in shape with basophilic cytoplasm, which is some-
times vacuolated. Acidophilic brush border and some
secretory vesicles are seen in the apicd region (Figs.
2-4); in addition, cytoplasmatic portions can be
released towards the ectoperitrophic space (Fig. 3).

Ultrastructurally, three distinct portions were
recognized in this cell type, from apex to base: the
apical portion, rich in long microvilli and large
guantities of mitochondria (Figs. 5-6); the middle
portion, characterized by large amounts of rough
endoplasmic reticulum, developed Golgi complex,
and some mitochondria (Fig. 7); and the basal
portion, with mitochondria frequently associated
with basal plasma membrane infolds forming the
basal labyrinth (Fig. 8).

The goblet cells show a large basal region,
acidophilic cytoplasm, and basa nucleus with loose
clustered chromatin (Fig. 2). This cell type presents
a large goblet-shaped cavity (Figs. 2-5 and 9-10)
delimited by cytoplasmic projections filled with
mitochondria (Figs. 5, 9-10). The gpex shows smaller
and thinner projections, with no mitochondria, that
are organized in the form of avalve type that dmost
closes the cavity (Fig. 5). The cytoplasm is scarce,
with Golgi complex, mitochondria, and a poorly
devel oped rough endoplasmic reticulum (Fig. 9). In
the basdl region, abasd labyrinth isaso seen, dthough
less devel oped than the columnar cells (Figs. 9-10).
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Fig. 1 — General aspects of the midgut: lumen (Lu); peritrophic membrane (Pm); endoperitrophic (Ed) and ectoperitrophic (Ec)
spaces; apical vesicles (arrow); epithelium (Ep); circular (Cm) and longitudinal (Lm) muscles (bar: 50 pm). Fig. 2 — Epithelium
showing columnar cells (C); apical vesicles (arrow) striated border (S); goblet cell with goblet-shaped cavity (<) and regenerative
cells (R). Ectoperitrophic space (Ec); cytoplasmatic vacuoles (V); nucleus (N); circular (Cm) and longitudinal (Lm) muscles (bar:
25 pm). Fig. 3 — Columnar cells (C) showing cytoplasmatic portions (arrow), striated border (S) and cytoplasmatic vacuoles (V);
goblet-shaped cavity (> ); regenerative cells (R). Ectoperitrophic space (Ec); nucleus (N); basal lamina (B); circular (Cm) and
longitudinal (Lm) muscles (bar: 25 um). Fig. 4 — Goblet cell: goblet-shaped cavity (> ), cytoplasmic projections (arrow); nucleus
(N). Columnar cell (C); striated border (S); vacuoles (V); nucleus (N) (bar: 10 pm).

The regenerative cells were found singly,
paired, or in groups (also called nidi) in the basal
region of the epithelium. They are round or oval
in shape, with strongly basophilic cytoplasm (Figs.
2-3) containing afew rough endoplasmic reticulum
and some mitochondria (Fig. 10).

The endocrine cells, rarely found along the
midgut epithelium, are often located at the base,
being able to extend up to the midgut lumen. They
are conica in shape, with clear cytoplasm, with great
amounts of granules containing electron-dense

material, mainly in the basa region (Fig. 11). Two
distinct types of granules are observed, mainly near
the basal lamina: solid granules entirely filled by
a dense matrix, and haloed granules having a clear
space between the membrane and the dense matrix
core (Fig. 12). Large quantities of vacuoles with
membranous material are observed in the apex
region, Golgi complex, mitochondria of different
sizes and shapes, free ribosomes, and rough endo-
plasmic reticulum (Figs. 11-12). Stocks of glycogen
and myelin figures are also observed.
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Fig. 5 — Ultrastructural aspects of columnar cell (C) with microvilli (Mv) and mitochondria (M). Goblet cell (G) with the goblet-
shaped cavity delimited by lateral cytoplasmic projections (arrow) and apical projections forming a valve type (%) (bar: 3 pm).
Figs. 6-8 — Columnar cell (C): Details of apical portion —microvilli (Mv), mitochondria (M), rough endoplasmic reticulum (RER)
and vesicles with electron-dense (arrow) (bar: 0.4 pm); middle portion — rough endoplasmic reticulum (RER), dilated Golgi complex
(GC), electron-lucent vacuoles (V), mitochondria (M) (bar: 0.8 um); and basal portion — mitochondria (M) associated with basal
labyrinth (arrowheads). Basal lamina (B); muscular fiber (F) (bar: 0.5 pm).

DISCUSSION

The columnar cells, which have severa names,
e.g., digestive cells, principal cells, absorptive cells,
and enterocytes, are predominant along the epi-
thelium of the midgut wall of 4. gemmatalis |arvae
and show similar morphological aspects to other
L epidoptera species described by authors such as
Santos et al. (1984), Richards & Davies (1994), and
Cristofoletti et al. (2001).

The characterization of three distinct portions
in this cell type (apical, middle, and basal portions)
shows cellular compartmentalization that is related
with the several and distinct functions of columnar
cells. The presence of numerous and long microvilli
and large quantities of mitochondriain the cell apex
(apical portion), the well-developed rough endo-
plasmic reticulum and Golgi complex (middle
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portion), and the basal plasma membrane infoldings
with associated mitochondria (basd portion) indicate
that the columnar cells serve in nutrient absorption;
protein synthesis, mainly related to digestive enzyme
production; and ion and water transport, according
to Richards & Davies (1994) and Jorddo et al. (1999).
Structurd features of the basa portion may condtitute
an extracellular compartment that not only allows
restricted access to the hemolymph, but in which the
cell can concentrate solutes, thus creating an osmotic
gradient between it and the lumen, which might
promote water absorption (Santos et al., 1984).

The presence of secretory vesicles and cyto-
plasmic extrusions, which are seen in the cell apex
in A. gemmatalis, are dso described in Hyalophora
cecropia (Anderson & Harvey, 1966), Ephestia
kiihniella (Smith et al., 1969), and Apis mellifera
(Jimenez & Gilliam, 1990).



THE MORPHOLOGY OF Anticarsia gemmatalis (LEPIDOPTERA: NOCTUIDAE) MIDGUT 637

Fig. 9 — Goblet cell showing goblet-shaped cavity (>k), lateral cytoplasmic projections (arrow), mitochondria (M), rough endoplasmic
reticulum (RER), basal |abyrinth (arrowheads) and nucleus (N). Columnar cell (C) (bar: 2 um). Fig. 10 — The regenerétive cells
(R) with central nucleus (N), mitochondria (M), electron-lucent vacuoles (V) and stocks of glycogen (*). Columnar cell (C); goblet
cell with goblet-shaped cavity (>k); basal labyrinth (arrowheads); basal lamina (B) (bar: 1 um). Fig. 11 — Endocrine cell containing
dark granules (G), vacuoles with membranous material (V) and mitochondria (M) (bar: 0.25 pm). Fig. 12 — Detail of two distinct
types of dark granules near to Golgi complex (GC): the solid (S) and the haloed (H) granules (bar: 0.25 um).

These authors have suggested that the
cytoplasmic loss phenomenon is probably correlated
with cell degeneration resulting from epithelial
renewal, while Terra & Ferreira (1994) and
Crigtofoletti et al. (2001) believe that these features
are related to high secretory enzymatic activity.

The goblet cells described in the epithelial
midgut of A. gemmatalis |arvae are similar to those
found in other Lepidoptera species. They present
atypical goblet-shaped cavity, called "goblet cham-
ber", formed by an apical infolding of the plas-
ma membrane. Into this cavity extend cell surface
basal and lateral projections, similar to microvilli
but filled with mitochondria. Apical projections
form a valve type, which would permit the
confluence of the cavity with the lumen, controlling
fluid movements between them (for revision,

Chapman 1998). According to Billingsley &
Lehane (1996), the presence of mitochondriainside
the projections is a unique characteristic in
arthropods, is related to active transport of
potassium ions from the hemolymph to midgut
lumen, and calcium ions from adjacent columnar
cells (Klein et al., 1991; Koch & Moffett, 1995;
Moffett et al., 1995). The presence of these cell
types can explain the high pH (8.0-12.0) in the
midgut of Lepidoptera and Ephemeroptera (Dow,
1984, apud Terra, 1988).

Similar morphologica aspects of regenerative
cdlsin A. gemmatalis are dso reported by Billingdey
& Lehane (1996). It is known that epithelial cells
of the midgut undergo desquamation during digestion
and new cells renew them by mitotic activity in
regenerative cells. This cellular renewa happens due
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to the growing digestive tube at each ecdyse aswell
as injured cell replacement; it also helps defense
mechanisms against pathogens infecting these cells
(Chiang et al., 1986). The fourth cell type found, the
endocrine cells, presented different types based on
their location, shape, and on the morphology and
electron-density of their granules (Raes & Verbeke,
1994; Billingdey & Lehane, 1996; Jordo et al., 1999:
Crigofoletti ez al., 2001). These celsare functionaly
similar to neurosecretory cells of the vertebrate gut,
synthesizing alarge variety of polypeptide hormones
which act in regenerative cell differentiations and
the control of specific digestive enzyme secretion
after feeding (Martoja & Ballan-Dufrancais, 1984;
Billingdey & Lehane, 1996). Weintend to perform
further studies to better characterize this cell type.

In conclusion, the cells types found in the
midgut epithelium of A. gemmatalis |arvae, though
similar to those described for the Lepidoptera
species, require attention in morpho-physiologic
studies being devel oped which aim to increase the
effectiveness of techniques used in the control,
principally biological, of this pest.
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