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In this study, anatomy and histology of the alimentary canal of Colorado potato beetle, Leptinotarsa decemlineata (Say) (Coleoptera:
Chrysomelidae) larvae, were investigated. The alimentary canal is divided into three main regions: foregut (stomodeum), midgut
(mesodeum) and hindgut (proctodeum). The foregut forms the smallest part of the alimentary canal. The foregut consists of a thick
cuticle (intima), a thin and simple epithelium, a basement membrane and muscle layer. The midgut forms the longest part of the
alimentary canal. The midgut epithelium is characterized by a striated border of microvilli. The epithelium is surrounded by muscle
layers and comprised of three different types of cells: columnar, endocrine and regenerative cells (or nidi). The hindgut is made up
of the same layers as the foregut, but the epithelial cells are larger and the cuticle is thinner. The epithelium of all parts of the gut
consists of a single layer of cells. Six Malpighian tubules are located at the beginning of the ileum and join into the rectum independ-

ently.
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INTRODUCTION

Colorado potato beetle, Leptinotarsa decemlineata
(Say), is one of the most widespread and destructive pests
of potato. Both adults and larvae feed on this plant often
cause their complete defoliation with considerable yield
losses, up to 50% of the crop (Rasocha, 2003). In the
Czech Republic, it belongs to the most abundant pest of
potato that is difficult to be controlled by chemical insec-
ticides due to resistance. This is why new strategies based
on the expression of toxins produced by genes from bac-
terium Bacillus thuringiensis (Costa etal., 2000; Lo -
seva etal., 2002), Photorhabdus luminescens (Black -
burn etal., 2005) or from plants (e.g. enzyme inhibitors)
(Bolter, Jongsma, 1995; Gruden et al., 1998;
Visal etal., 1998) against this pest are being developed.
To understand the effect of insecticidal proteins on the gut
we studied and described the structure of the alimentary
canal of L. decemlineata larvae. We compared our results
with structures of the alimentary canal of the other Cole-
optera larvae.

MATERIAL AND METHODS

Standard strain of Colorado potato beetle was obtained
from Department of Entomology, Crop Research Institute
in Prague. Larvae and beetles were fed with potato plants.

Light period was 16 h light and 8 h dark. The temperature
was 22 °C (£ 2 °C), r. h. 50-60%.

Larvae in the last instar, approximately three weeks
old, were dissected in Ringer’s solution. Anatomy of the
alimentary canal of 20 larvae was described using a stereo-
microscope. Larvae were fixed in a Bouin solution for
24 , dehydrated in an alcohol series, and embedded in
paraffin at 58 °C for 24 h. Histological sections were pre-
pared from the whole length of the alimentary canal, from the
mouth to the anus with rotary microtome Microm HM 200.
6 um thick sections were deparaffinized and stained in Mas-
son’s trichrome stain or periodic acid — Schiff (PAS) reaction
(Vacek, 1988). The histological preparations were exam-
ined under Axioskop Zeiss DCS-S 75 microscope.

RESULTS

Anatomy. The alimentary canal of Leptinotarsa de-
cemlineata larvae is a long tube. As in other insects, it
consists of the foregut, midgut and hindgut. Two valvelike
folds separate these three regions. One valve is located
between the foregut and the midgut (cardia), and the oth-
er between the midgut and the hindgut (pylorus). Six Mal-
pighian tubules are attached to the alimentary canal and
mark the transition to the hindgut, which is a simple
straight and narrow tube. The hindgut connects with the
exterior through the anus.

* The study was supported by the Ministry of Agriculture of the Czech Republic, Project No. MZE 000-2700063 and MSM 6046070901.
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Histology. The foregut, midgut, and hindgut are dif-
ferent in their histological organization.

Light micrograph crosssection (Fig. 1) shows that the
foregut is surrounded by a layer of muscle. Its epithelium
is cubic and simple. A cuticle (intima) is present on the
lumen side of the gut.

The midgut, the longest part of the alimentary canal,
is situated between the foregut and the hindgut. The struc-
ture of the midgut (Figs 2 and 3) is composed of a single
layer epithelium resting on the basement membrane. The
apical area of the epithelium is characterized by a striated
border of microvilli instead of an intima. The epithelium
and the basement membrane are surrounded on the haemo-
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Fig. 1. Leptinotarsa decemlineata,
posterior end of foregut and anterior
end of midgut: epf — epithelium of
foregut, epm — epithelium of mid-
gut, in — intima, lu — lumen, mff —
muscle fibers of foregut, mfm —
muscle fibers of midgut, PAS
reaction

Fig. 2. Leptinotarsa decemlineata,
part of midgut showing secretory
extrusions: as — apical secretory ex-
trusion, ep — epithelium, fc — food
contents within gut lumen, he —
haemocoel, lu lumen, mf — muscle
fibers, mv — microvilli, PAS reac-
tion

coel side by layer of muscles. Collagen fibers occur among
muscle cells.

Columnar cells comprise the majority in the epithelium
and are of cylindrical shape. These tall cells contain mi-
crovilli projecting into the lumen, and their nuclei are
ovoid, large, and generally located in the center of cells.
The cells are strongly vacuolized indicating strong secre-
tory activity. The apical extrusions at the apical parts of
the cells release into gut lumen. On the external surface of
the microvilli the presence of mucopolysaccharides or
glycocalix can be observed (Figs 2 and 3).

Besides the columnar cells there are small clusters of
regenerative cells. Regenerative cells are undifferentiated

135



replacement cells (cellular nidi) scattered between the
epithelial cells. The innermost cell of the nidus is small
and conical with a round nucleus in the centre. The sur-
rounding cells grow gradually from the inner to the outer side
and are often collected together. These cells are shorter than
the normal epithelial cells and lack microvilli. They do not
make contact with the gut lumen. (Fig. 3).

The third type of the midgut epithelium cells of L. de-
cemlineata are endocrine cells distributed throughout the
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Fig. 3. Leptinotarsa decemlineata,
part of midgut showing the well-de-
veloped microvillar border on the
apical side of the epithelium: bm —
basement membrane, ep — epitheli-
um, lu — lumen, mf — muscle fibers,
mv — microvilli, ni — nidus, nu —nu-
cleus, va — vacuole, Masson’s tri-
chrome stain

Fig. 4. Leptinotarsa decemlineata,
hindgut: ep — epithelium, in — inti-
ma, lu — lumen, mf — muscle fibers,
nu — nucleus, Masson’s trichrome
stain

epithelium, although midgut endocrine cells are usually
more common in the posterior midgut. These cells are of
variable shape and are localized in the epithelial base.

Hindgut has a structure similar to that of the foregut.
Above a layer of muscles there is a simple cylindrical epithe-
lium covered by a thin cuticle absent in the midgut’s epithe-
lium (Fig. 4). Towards the hind end the epithelial cells tend
to increase in size and are arranged in six longitudinal folds.
This wider part is termed the rectum (Fig. 5).
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DISCUSSION

The present report contributes information on the anat-
omy and histology of the alimentary canal of the Colorado
potato beetle, Leptinotarsa decemlineata. Its architecture
is similar to that described for other coleopteran insects:
Tribolium, Dendroctonus or Dermestes(Ameen, Rah-
man, 1973; Diaz etal,2003; Caldeira etal.,2007).
The alimentary canal of insects comprises structurally and
embryologically of three distinct regions from the mouth
to the anus. The foregut, and hindgut, are of ectodermal
origin, lined by a cuticle, shed and renewed at each molt.
The midgut, originates from the endoderm and possesses
no cuticular intima (Chapman, 1998).

The foregut of L. decemlineata opens the alimentary
canal from the mouth and extends to the midgut. It is dif-
ferentiated into the pharynx, esophagus and crop (Hae f -
ten etal., 1993) The function of the foregut of the insect
is to pass food forward to the midgut. Therefore, the
foregut, contains a muscle layer. The cells of the foregut
are flattened and undifferentiated since they are not in-
volved in absorption or secretion (Chapman, 1998).

The midgut is made up of cells, usually much thicker
than the epidermis of the foregut. Following studies of
insects show the importance of the midgut. It is the main
site for both digestion of food and absorption of nutrition,
and the epithelium is responsible for the production of
many digestive enzymes and/or the uptake and transfer of
nutrients to the haemolymph (Wigglesworth, 1953).
The midgut is also characterized as a point of entry of
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Fig. 5. Leptinotarsa decemlineata,
rectum: ep — epithelium, fb — fat
body, in — intima, lu — lumen, mf —
muscle fibers, PAS reaction

insecticides, viruses and toxins and the release of neuro-
hormones that regulate the activity of various other phys-
iological processes(Dow,1986; Lehane, Billings-
ley, 1996).

Columnar cells are responsible for enzyme secretion
and absorption of the products of digestion (Chapman,
1998). It is suspected that the well-developed microvillar
brush border on the apical membrane of the cell has the
function of absorbing nutrients from the lumen to the cell.
The presence of acid mucopolysaccharides (glycocalix)
on the external surface of microvilli of the midgut epithe-
lial cells in Leptinotarsa coincides with other reports of
these amine sugars in several groups of insects (Lane et
al., 1996). Despite their common occurrence in the mid-
gut, few attempts have been made to establish their pos-
sible role. In general, the importance of glycocalix in in-
sects has been inferred from knowledge about its role in
mammalian studies, including its participation in ion
transport, protection of epithelial cells against damage by
abrasion, protease secretion to the lumen, and in buffering
extreme pH conditions (Lane etal., 1996).

The small, undifferentiated cells distributed among
cylindrical cells in the midgut make up the cellular nidi
and apparently participate in normal epithelial regenera-
tion processes or in replacement of cylindrical cells (Chap -
man, 1998).

Endocrine cells distributed throughout the epithelium
were not detected in our preparations due to difficulty to
observe under conventional histological techniques. Never-
theless, they have already been indicated in other works
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and have endocrine function (e.g. hormonal control of peri-
staltic movements and digestion) (M ontuenga, 1989;
Sehnal, Zitihan, 1996)

The hindgut is made up of the same layers as the
foregut, but the epithelial cells are larger and the cuticle is
thinner. The general anatomical (hindgut is differentiated
into ileum, colon and rectum) and histological structure of
the hidgut was the same as already described (Suicmez,
Bitmis, 1991) and coincides with that found in other
Coleoptera (Chapman, 1998). Cryptonephridial com-
plex isolates the rectum and the distal ends of the Mal-
pighian tubules from the hemolymph (M artoja, Bal-
lan-Dufrancais, 1984).

This work has been aimed at characterizing of mor-
phological variability in the epithelial cells (columnar,
regenerative and endocrine) mainly along the midgut of
L. decemlineata larvae. The next step will be the effect of
the insecticidal proteins on this part of the gut.
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Anatomie a histologie traviciho traktu larev mandelinky bramborové.
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Tato prace se zabyva studiem anatomie a histologie traviciho traktu mandelinky bramborové, Leptinotarsa decem-
lineata (Say) (Coleoptera: Chrysomelidae). Travici trubice je rozd€lena na tii hlavni ¢asti: pfedni stfevo (stomodeum),
stfedni stfevo (mesodeum) a zadni stievo (proctodeum). Nejkratsi ¢asti travici trubice je pfedni stievo. Predni stievo
tvorii silnd kutikula (intima), tenky jednovrstevny epitel, bazalni membrana a svalova vrstva. Nejdelsi ¢asti traviei tru-
bice je stfedni sttevo. Horni okraj epitelu stiedniho stfeva tvoii mikrovilli, charakteristické pro tuto oblast stfeva. Za-
kladem epitelu stfedniho stfeva jsou tfi rizné typy bunék: travici, endokrinni a regeneracni (téz nazyvané nidi). Epitel
je obklopen vrstvou svaloviny. Zadni stfevo tvoii stejné vrstvy jako predni stfevo s tim rozdilem, ze buiky epitelu
zadniho stfeva jsou vétsi a kutikula je tenci. Ve vSech ¢éstech stfeva je epitel tvofen jednou vrstvou bunck. Zacatek
Sesti malpigickych trubic se nachdzi na rozhrani stfedniho a zadniho stfeva a samostatn¢ usti do koneéniku.

Leptinotarsa decemlineata; predni stfevo; stfedni stfevo; zadni stfevo
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