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Distribution patterns of mammalian-like peptide immunoreactive cells in the midgut of Aeshna cyanea (Insecta,

Odonata)

J.C. Andriés and G. Tramu
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Cedex (France), 26 March 1984

Summary. The distribution of cells reacting with antisera to cholecystokinin, substance P, gonadoliberin, methionine-enkephalin,
and vasoactive intestinal peptide, demonstrated by the indirect immunoperoxidase method, was studied along the entire midgut
of an insect, Aeshna cyanea. For each antiserum, the number of reacting cells increased from the middle part to the end of the
midgut. Only a few cells reacted to somatoliberin, leucin-enkephalin and somatostatin antisera. In the connective sheath sur-
rounding the midgut epithelium, nerve fibers were stained by antisera to serotonin, somatostatin, cholecystokinin, vasoactive

intestinal peptide and methionine-enkephalin.

Key words. Insect midgut; mammalian-like peptides; immunochistochemistry.

In insects, by means of immunohistochemical investigations or
radioimmunoassays, it has recently been demonstrated that
several mammalian-like neuropeptides, especially of gastro-en-
tero-pancreatic type (GEP) occur in the nervous system, par-
ticularly in the brain. Except for the work of Iwanaga et al.l!
and our recent preliminary study*, no report had dealt with the
presence of these substances in the insect gut. Previously we
identified, by an immunoperoxidase procedure, cells reactive
for mammalian cholecystokinin octapeptide (CCK-8), vasoac-
tive intestinal polypeptide (VIP), pancreatic polypeptide (PP),
substance P, methionine-enkephalin (met-enkephalin), gonad-
oliberin (LHRH) and human pancreatic somatoliberin (hp
GRF) in the midgut of Aeshna cyanea. With the same method,
we have now undertaken a systematic investigation of the neu-
ropeptides through the entire midgut. The results present the
complete distribution of the midgut peptide endocrine celis.
Material and methods. The postembryonic development of
Aeshna cyanea requires eleven larval instars. Larvae of the 8th
instar were used in this study.

Tissue preparation. The midguts of nine larvae were rapidly
dissected and immersed in a solution of picrid-acid-para-
formaldehyde (PAF)" for 24 h. The samples were then washed
overnight in phosphate buffer 0.1 M, pH 7.2, 5% sucrose, em-

bedded in Tissue-Tek (Miles Labs.), frozen in liquid nitrogen
and sectioned on a cryostate (section thickness: 15 pum).
Antisera. Twelve antisera raised against synthetic CCK-§, VIP,
substance P, met-enkephalin, LHRH, hp GRF, leucine-enke-
phalin (leu-enkephalin), human calcitonin, neurotensin, seroto-
nin, somatostatin-14 and ovine corticoliberin (CRF) were
used. Somatostatin antiserum was a gift from Dr Dubois
(Nouzilly, France). The others were produced in our labora-
tory by immunization of rabbits with the amine (serotonin) or
the synthetic peptide linked to albumin or thyroglobulin, and
emulsified with Freund’s complete adjuvant. Somatostatin®,
CCK-%°, leu- and met-enkephalin’, CRFY, hp GRF'® and
serotonin!’ antisera were previously employed.

Immunohistochemical staining for sections. Each serially cut
section was incubated for 24 h at 4°C with one of the twelve
antisera. All antisera were applied in dilutions of 1/200. After
rinsing in Coons buffer pH 7.2, the sections were incubated
according to the indirect immunoperoxidase method, with a
1/50-dilution of anti-Ig rabbit for 1 h at room temperature.
For visualization of the peroxidase, the tissues were allowed to
react with a solution of 4-chloro-1-naphthol in 0.1 M Tris-HCl
buffer (pH 7.6) containing 0.01% H,O,.
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Figure 1. a Serotonin-like immunoreactive axons. b Met-enkephalin-like immunoreactive axons (arrowheads) and endocrine cells (arrows). ¢ Soma-
tostatin-like immunoreactive axons. d Somatostatin-like immunoreactive endocrine cells. e VIP-like immunoreactive axons. f Leu-enkephalin-like
immunoreactive endocrine cells. g CCK 8-like immunoreactive axons (arrowheads) and endocrine cells (arrows). 2 hp GRF-like immunoreactive
endocrine cells. Bar 25 um.

Controls. The specificity of positive staining was tested by re-
placing the specific antiserum with normal rabbit serum or
with specific antiserum preincubated with an excess of the re-
spective peptide (CCK-8, hp GRF, LHRH, substance P or
met-enkephalin).

Estimate of the number of immunoreactive cells. For each of the
nine blocks, each antiserum was applied to transverse sections
taken at the same regular interval (180 um). This procedure
made it possible to determine all along the entire midgut the
number of immunoreactive cells for each antiserum. When the
number of immunoreactive cells was adequate, a mean value
per section was obtained from which the standard deviation
(vertical bars in the graphs) was calculated.

Results. The results of the control studies showed that when a
non-immune serum was used in place of an immune serum, no

staining was detected. Also, the absorption of CCK-8, hp
GRF, LHRH and substance P antisera with their respective
antigen blocked the staining reactions. A moderate number of
staining cells (20-30%) were found after incubation with anti-
met-enkephalin serum absorbed with an excess of met-enke-
phalin.

Neuronal elements. As previously reporied®, serotonin-like im-
munoreactivity was observed in a strongly-stained profuse in-
nervation (fig. 1a) of the muscular layers which surround the
midgut epithelium, especially in the vicinity of the hindgut. In
addition, antisera to met-enkephalin (fig. 1b), somatostatin
(fig. 1c), VIP (fig. le) and CCK-8 (fig.1g) stained a moderate
number of axonal fibers.

Endocrine cells. In the midgut, met-enkephalin (fig. 1b and 2a),
somatostatin (fig. 1d), leu-enkephalin (fig. 1f), CCK-8 (fig. 1g
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Figure 2. Transversal sections of the posterior part of the midgut showing. a Met-enkephalin-like immunoreactive endocrine cells. b Substance
P-like immunoreactive endocrine cells. ¢ LHRH-like immunoreactive endocrine cells. d CCK 8-like immunoreactive endocrine cells. Bar 60 pm.

and 2d), hp GRF (fig. 1h), substance P (fig.2b), LHRH (fig. 2c)
and VIP immunoreactive cells were detected. The small num-
ber of cells reacting for somatostatin, leu-enkephalin and hp
GRF made numerical estimations difficult if not impossible.
On the contrary, numerous endocrine cells stained for sub-
stance P, met-enkephalin, LHRH, CCK-8 and, to a lesser ex-
tent, for VIP. Very few if any immunoreactive cells are present
in the anterior part of the midgut. Their density increases to-
wards the posterior part to become maximal near the hingut,
as illustrated in figures 3 to 7. No immunoreactive cells were
detected using neurotensin, CRF, calcitonin and serotonin
antisera. The shape of the cells reacting for a given peptide
varied, being triangular, fusiform, bowl-shaped, etc. Some of
them, especially those located near the junction of the hindgut
(fig. 2c) appeared to be of the open type, showing a long slen-
der apical process directed towards the gut lumen. Such cells
were observed after incubation with CCK 8, somatostatin,
LHRH, met-enkephalin and VIP antisera.

Discussion. Previously?, we have described two types of basal
granulated cells in the midgut of A.cyanea which, by exocy-
tosis, discharge their contents into the internal milieu and the-
refore must be considered as endocrine cells. These cells corre-~
sponded well in ultrastructure to mammalian gut endocrine
cells. A study in progress shows that the variety of endocrine

cells in the A.cyanea midgut is much greater than was antici-
pated’. This seems likely to be true for many insects. At least
10 types of ultrastructurally different endocrine cells have been
identified in the midgut of the cockroach, Blaberus craniifer>.
Such an ultrastructural variety agrees well with our present
results in so far as we described 8 immunoreactive cell types
reacting with antisera against CCK-8, VIP, somatostatin, met-
enkephalin, leu-enkephalin, substance P, LHRH and GRF; a
ninth cell type containing PP-like material was detected pre-
viously*. It may be, however, that two or more distinct pep-
tides co-exist in the same cell, as reported in vertebrates'® !,
Neuromodulators related to CCK-8, VIP, somatostatin and
met-enkephalin are present in a moderate number of axons
innervating the midgut. Most of the nerve fibers react to sero-
tonin-antiserum. This amine is known to act in insects as a
neurotransmitter and/or a neuromodulator. Although nothing
is known about its action on the musculature of the midgut, it
has been established that serotonin has a striking effect on the
contraction of the musculature of the foregut®’ and hindgut®.
GEP hormone-like substances resembling CCK 8, somatosta-
tin, VIP, substance P, LHRH, hp GRF, leu- and met-enkepha-
lin occur in insect midgut endocrine cells. This large number of
mammalian-like peptides found both in insect nervous systems
and midgut indicates that peptide production represents a pri-
mitive méchanism and that, due allowance being made for the
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difference in complexity, the insect brain-midgut system is ana-
logous to the brain-GEP system of vertebrates.

In insects, nothing is known either about the possible roles of
these peptides, or on the origin of the endocrine cells. What
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Figure 3. Distribution of CCK-like immunoreactive endocrine cells
through the entire midgut.
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Figure 4. Distribution of substance P-like immunoreactive endocrine
cells through the entire midgut.
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Figure 5. Distribution of LHRH-like immunoreactive endocrine cells
through the entire midgut.
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has been established in this study is that, as in vertebrates, the
gut has an endocrine function which, in the case of Aeshna
cyanea, appears to be preferentially localized in its posterior
part.
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Figure 6. Distribution of met-enkephalin-like immunoreactive endo-
crine cells through the entire midgut.
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Figure 7. Distribution of VIP-like immunoreactive endocrine cells
through the entire midgut.
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