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Immunocytochemical Localization of Serotonergic Neurons

in Suboesophageal Ganglion of Cabbage Worm
Pieris rapae (Insecta, Lepidoptera)
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An immunocytochemical investigation has been carried out to localize serotonin-
immunoreactive (5-HTi) neurons in suboesophageal ganglion of fifth instar larva of
cabbage worm Pieris rapae. The 28 5-HTi cell bodies were identified in the rind of
suboesophageal ganglion. The four 5-HTi cell bodies of them are large in size (about
35 um), while the remaining cell bodies are medium-sized (about 15 um). The 5-HTi
nerve processes are abundantly located in central large neuropil, circumoesophageal
connectives which join the suboesophageal ganglion to the tritocerebrum of the
brain, and connectives between the suboesophageal and the first thoracic ganglia.
These results indicate that the 5-HTi nerve fibers, which constitute the central large
neuropil, have structural connections with the above two connectives. Especially in
central large neuropil, many 5-HTi nerve fibers form a large circular bundle, in
which a 5-HTi nerve fiber bundle is crossing.
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The suboesophageal ganglion of the insect con-
trols the function of mandible, maxilla and labium
of the head. In locust some of the neurons in the
suboesophageal ganglion have been described to
be involved in head movement and feeding
(Altman and Kien, 1979). Altman and Kien
(1979) have also reported that some suboe-
sophageal neurons innervate the salivary gland of
the locust. According to Park and Yoshitake
(1971) the diapause of the silkworm was reported
to be controlled by some neurosecretory cells
located in the suboesophageal ganglion.

The recent publications have often mentioned
the similarities between the neuroactive substances
in vertebrate and invertebrate (Rémy et al., 1979;
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Bishop and O'Shea, 1982, Kénings et al., 1988;
Lee et al., 1992). With the usage of immunocyto-
chemical method Rémy et al. (1979) have demon-
strated that some neurosecretory cells in the sub-
oesophageal ganglia of the locust and the silk-
worm contain neuropeptide-like substances pre-
sent in vertebrates.

Serotonin (5-hydroxytryptamine, 5-HT) has
been described to play the roles as a neurotrans-
mitter in the central nervous system of cockroach
(Bishop and O’Shea, 1983), desert locust (Klemm
and Sundler, 1983) and blowfly (Nassel et al.
1983), or neurochormone in the brain of Locusta
migratoria (Kénings et al. 1988). Lee et al.
(1992) have also demonstrated that 5-HT play the
role as a neurotransmitter in the neural networks
of the postembryonic brains from cabbage butter-
fly.

Bishop and O'Shea {1982) have described the
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localization of 5-HTi neurons in suboesophageal
ganglion of the cockroach. Thereafter, the 5-HTi
neurons were identified also in the suboesophageal
ganglion of desert locust (Klemm and Sundler,
1983) and blowfly{Nassel et al., 1983).

We were much interested in difference of local-
ization of b-HTi neurons in the suboesophageal
ganglia of the various insects. Using the suboe-
sophageal ganglion of the fifth instar larva of cab-
bage worm Pieris rapae, we investigated the local-
ization of 5-HTi cell bodies and processes, and
then discussed the difference of localization of 5-
HTi neurons in comparison with the results
described already in other insects.

Materials and Methods

The fifth instar larvae of cabbage worms, Pieris
rapae, were collected from stock colony of
Soonchunhyang University and used in this experi-
ment. At temperatures of 28-30°C and relative
humidities of 50-60%, the fifth instar larvae
became adults about ten days later.

The heads and necks of the fifth instar larvae
were together cut off with the sharp scissors, and
fixed in 4% paraformaldehyde at 4°C for about 1
hr. The suboesophageal ganglia were dissected
under the stereoscope. The isolated suboe-
sophageal ganglia were continually put in new fix-
ative solution at 4°C to complete the fixation for 2
hrs. They were washed three times in 0.01M
phosphate buffer saline (PBS, 0.85%, pH 7.2),
dehydrated in graded alcohols, and embedded in
paraffin mixed with bee’s wax. Thereafter, the
embedded brains were cut transversely or horizon-
tally into the serial sections of about 10 um in
thickness. All the sections were serially mounted
on the gelatin-coated slides, and dried within an
incubat or at 50°C.

The immunocytochemical staining of 5-HTi
neurons was performed according to avidin-biotin-
peroxidase (ABC) method of Hsu et al. (1981).
Prior to the immunocytochemical staining, the
par affin on the sections was initially removed by
treatment with xylene. They were hydrated in dis-
tili=” water, treated in methanol containing 0.3%
Hs(sp, and washed three times in PBS.

Shim & Lee —Serotonergic neurons in insect suboesophageal ganglion 117

Thereafter, the serial sections were reacted in goat
normal serum (1:70, in PBS) for 20 min. They
were then incubated in rabbit anti-serotonin anti-
serum (Incstar Co.) diluted to 1:1000 in PBS for
lhr at room temperature. After washes in PBS the
incubation of the sections in goat secondary anti-
body associated with biotin (Vecta stain Lab.) were
performed for 30 min at room temperature. They
were then reincubated with avidin-biotin-peroxi-
dase complex (Vecta stain Lab.) for 40 min. The
reactions of the sections with 0.06% diaminoben-
zidine and 0.015% HyO, were continued. Finally,
all the serial sections were dehydrated, mounted in
Euparal, and examined under the Normaski micro-
scope.

Results

The 5-HTi cell bodies are located in the rind of
suboesophageal ganglion (Fig. 1). The 5-HTi
occurs in six pairs of cell groups composed of
bilaterally symmetric cell bodies. These 5-HTi cell
bodies can be divided into two kinds in size. The
four 5-HTi cell bodies of the two most anterior
pairs are large (about 35 um) (Fig. 2). The remain-
ing 5-HTi cell bodies in the suboesophageal gan-
glion are found to be medium-sized (about 15 um).

The 5-HTi cell bodies are distributed in clusters
(Fig. 2). The 6 5-HTi cell bodies are located in the
anterior surface, while approximately half numbers
(14) of 5-HTi cell bodies are present in the lateral
surfaces. The remainings of all the 5-HTi soma
present in suboesophageal ganglion have localiza-
tions in the dorsal or ventral surfaces. Hence, the
total number of 5-HTi cell bodies in the suboe-
sophageal ganglion of fifth instar larva is ca.28
(Fig. 2). As shown in lower left part of Fig. 1a,
some of 5-HTi cell bodies project their axons into
central large neuropil.

Numerous 5-HTi nerve processes are found in
central large neuropil (Figs. 3). Most of 5-HTi
nerve fibers show varicose arborizations in the
neuropil, as shown in Fig. 1b (arrow). Many 5-HTi
nerve fibers form a large circular bundle in the
neuropil (Fig. 4). Also, within the circular bundle a
large 5-HTi nerve fiber bundle is crossing between
the left and the right (Fig. 4f). Some 5-HTi axon-
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Fig. 1. Transverse or horizontal sections of suboesophageal ganglia containing serotonin-immunoreactive cell bodies
(small arrows). (a-c) Transverse sections. A 5-HTi neuron (arrow) project into central large neuropil (np) (a). {d)

Horizontal section. {(a-c), x 560; (d), x 290.

like processes are found in the circumoesophagea:
connectives which join the suboesophageal gan-
glion to the tritocerebral lobes of the anterior cere-
bral ganglion (Figs. la, b, ¢, 2d). Some of these
appear to contribute to the dense matrix of 5-HTi
fibers found in the suboesophageal ganglion. This
dense matrix is highly concentrated on the dorsal
surface in the anterior region (Fig. 4a). Also, sev-
eral 5-HTi axon-like processes are located in both
connectives between the suboesophageal and the
first thoracic ganglia(Figs. 1d, 4f).

Discussion

The 28 nerve cell bodies which react to anti-
serotonin are located in the suboesophageal gan-
glion of the fifth instar larva. This number is very
similar to that described in cockroach suboe-
sophageal ganglion, which has 27 5-HTi cell bod-
ies (Bishop and O'Shea, 1983). However, in the
suboesophageal ganglion of locust (Tyrer et al.,
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1984) and blowfly (Nassel and Cantera. 1985)
there are smaller number of 5-HTi cell bodies than
in cabbage worm and cockroach: 19 in locust and
4 in blowfly. One prominent feature of the 5-HTi

Fig. 2. Map of 5-HTi cell bodies in the suboesophageal
ganglion of fifth instar larva (horizontal view). The total
number of 5-HTi cell bodies are ca. 28. The four large
{about 35 um) 5-HTi cell bodies are located in the ante-
rior surface. while 24 medium-sized 5-HTi soma are dis-
persed in clusters in suboesophageal ganglion.

Fig. 3. Transverse or horizontal sections of suboesophageal ganglia containing many 5-HTi nerve processes in the
central neuropils (np) and the nerve connective (nc). (a-c} Horizontal sections. A 5-HTi fiber shows rich arborization
(arrow} (c). (d) Transverse section. A 5-HTi nerve fiber projected into the central large neuropil from the nerve connec-
tive is branched (arrow). indicating afferent 5-HTi nerve fiber (d). (a-d), = 280.
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Fig. 4. Maps of 5-HTi nerve processes in the suboesophageal ganglion of fifth instar larva (serial horizontal views).
The neuropils contain a large 5-HTi nerve fiber bundle which forms circular form. Also, the 5-HTi fiber bundles which
are connected with the nerve comnective are located in the central large neuropils.

neurons is that they occur in relatively small num-
bers in the central nervous system of insects
(Nassel, 1988). In the brain and suboesophageal
ganglion(excluding the optic lobes) there are ca.64
5-HTi cell bodies in blowfly (Nassel and Cantera,
1985), ca.100 in cockroach (Bishop and O'Shea,
1983), and ca.75 in honey bee (Schiirmann and
Klemm, 1984). Including the optic lobes this

would mean that ca. 0.03% of the blowfly neurons
and ca. 0.01% of the honey bee neurons are 5-
HTi.

Another feature of 5-HTi neurons is that their
cell bodies tend to aggregate in clusters in the cen-
tral nervous system including the suboesophageal
ganglion, as in cabbage worm and many other
insects. Clustering of cells with identical neuroac-
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tive substances is common in the central nervous
system of invertebrates and vertebrates (Klemm,
1976. 1985; Gardner and Walker, 1982;
Steinbusch, 1981).

A few of 5-HTi cell bodies in the suboe-
sophageal ganglion of fifth instar larva are large in
size (about 35 um), but most 5-HTi soma are
medium-sized {about 15 um) (Yang et al., 1985).
However, giant 5-HTi cell bodies (50 um) cannot
be found. In the suboesophageal ganglion of cock-
roach (Bishop and O'Shea, 1983) it has been
demonstrated that one lateral pair of dorsal cell
bodies are larger(ca. 50 um in diameter) than the
others.

Most of the 5-HTi neurons in the suboeso-
phageal ganglion, as well as in other insect
ganglia, are known to be interneurons (Nassel,
1988). Lee et al. (1992) have reported that some
of 5-HTi neurons in postembryonic brains of cab-
bage butterfly are interneurons. Unfortunately,
any 5-HTi neuron in suboesophageal ganglion of
fifth instar larva could not be completely demon-
strated to be interneurons.

The suboesophageal ganglia of cabbage worm
contain afferent 5-HTi neurons (Figs. 1c, 3d), as
described in locust (Tyrer et al., 1984). In addition
to the afferent 5-HTi neurons, efferent 5-HTi neu-
rons are also located in the suboesophageal gan-
glion. These efferent 5-HTi neurons have been
also mentioned in suboesophageal ganglion of the
locust (Tyrer et al., 1984). From these ganglia
there are six to eight 5-HTi neurons projecting into
the mandibular adductor muscle and four 5-HTi
neurons innervating the salivary glands (Tyrer et
al.,, 1984; Klemm et al., 1986). The 5-HTi neu-
rons running to the salivary glands have been iden-
tified by means of cobalt infusion (Altman and
Kien, 1979).
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