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Abstract

Monoaminergic innervation of the intermediolateral nucleus of the cat spinal cord was investi-
gated by fluorescence histochemistry and electron microscopy. Large numbers of monoaminergic
terminals were labeled by prior administration of the false neurotransmitter 5-hydroxydopamine
(5-OHDA). Ultrastructurally, 5S-OHDA-labeled terminals fell into three types. Type I, which made
up 55% of the labeled terminals, contained abundant, large and densely labeled vesicles and only
a few small and unlabeled vesicles. This type was “bouton de passage”. Type II, which made up
40% of the terminals, made asymmetrical synaptic contacts with typical postsynaptic structures.
This type contained many small vesicles, some of which were labeled, and a few large dense-
core vesicles. Type III, which made up 5% of the terminals, made close contact with presynaptic
nerve endings containing abundant small unlabeled clear vesicles. The type III terminals contained
many large and densely labeled vesicles and a few small flattened vesicles, most of which were
unlabeled.
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Ultrastructure of Monoaminergic Terminals in the Intermediolateral
Nucleus of the Cat Spinal Cord

Kiminao Mizukawa*, I-Ming Tseng, Ryoichi Tobita and Nagayasu Otsuka
Department of Anatomy, Okayama University Medical School, Okayama 700, Japan

Monoaminergic innervation of the intermediolateral nucleus of the cat spinal cord
was investigated by fluorescence histochemistry and electron microscopy. Large
numbers of monoaminergic terminals were labeled by prior administration of the false
neurotransmitter 5-hydroxydopamine (5-OHDA). Ultrastructurally, 5-OHDA-labeled
terminals fell into three types. Type I, which made up 55% of the labeled terminals,
contained abundant, large and densely labeled vesicles and only a few small and
unlabeled vesicles. This type was “bouton de passage”. Type II, which made up 40%
of the terminals, made asymmetrical synaptic contacts with typical postsynaptic
structures. This type contained many small vesicles, some of which were labeled,
and a few large dense-core vesicles. Type II, which made up 5% of the terminals,
made close contact with presynaptic nerve endings containing abundant small un-
labeled clear vesicles. The type Il terminals contained many large and densely
labeled vesicles and a few small flattened vesicles, most of which were unlabeled.

Key words : ultrastructure, monoaminergic terminals, 5-hydroxydopamine, cat spinal cord,
intermediolateral nucleus

Since the introduction of Falck-Hillarp
fluorescence histochemistry (1), noradrener-
gic and serotonergic fluorescence varicos-
ities have been demonstrated throughout the
gray matter of the spinal cord. The densest
plexus of monoaminergic fibers has been
observed in the intermediolateral cell column
of the spinal cord of various mammals
(2-8). The intermediolateral cell column
in the lateral horn of the spinal cord

nomic functions (6, 9, 10).

To investigate the ultrastructure of mono-
aminergic terminals, potassium permanganate
fixation coupled with labeling using false
neurotransmitters such as 5-hydroxydopamine
(5-OHDA) and 6-hydroxydopamine (6-OHDA)
has been employed (11). Many investigations
of the central and peripheral nervous systems
have been performed by this method(12-
15). However, there are few ultrastruc-

is an important nucleus for controlling auto-
nomic function. These monoaminergic fibers
from the supra-spinal central nervous system
completely control the cardiovascular auto-
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tural and semiquantitative investigations of
these monoaminergic terminals in the inter-
mediolateral nucleus. The present study
aims to clarify the ultrastructure of the ter-
minals using preadministrated 5-OHDA -as-
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sisted electron microscopy.

Materials and Methods

Ten cats of both sexes {(body weight 2-3 kg)
were used in this study. Five were used for
fluorescence histochemistry and the remaining five
cats were treated with 5-OHDA and used for
electron microscopy.

Five
animals were intraperitoneally injected with Nial-
amide (100 mg/kg of body weight), an inhibitor of
monoamine oxidase (MAO). Five to 6 h after
the injection, the cats were anesthetized with
Nembutal and perfused with chilled 2% glyoxylic
acid phosphate buffer solution (pH 7.0) through
the left ventricles. Tissues of the thoracic spinal
cord (T7-T8) of the cats were rapidly removed,
placed in isopentane cooled with liquid nitrogen,
and lyophilyzed. The resulting tissue blocks were
then reacted with paraformaldehyde gas at 80°C
for 1 h. The blocks were embedded in paraffin in
vacuo and 10 um transverse and longitudinal serial

Fluorescence histochemical examination.

sections were prepared. Each section was mounted
in Entellan and examined under an Olympus fluo-
rescence microscope (B. V., Y50).
Electron microscopic examination. Under Nem-
butal anesthesia, a laminectomy was performed on
five animals at the T7-T8 level to expose the
surface of the spinal cord. Then 5-50 mg of 5-
OHDA dissolved in 0.5 ml saline was injected by
microsyringe into the subarachnoid space of the
thoracic cord. After 6-8 h, the animals were
reanesthetized and perfused via the left ventricles
with a mixture of 1% glutaraldehyde and 1%
paraformaldehyde solution adjusted with 0.1 M phos-
phate buffer to pH 7.4. The thoracic cord was
immediately removed and cut into small blocks
which were fixed in the same fixative for 2h. The
blocks were then rinsed with phosphate buffer
solution and postfixed in 1% osmium tetroxide for
2 h. The blocks were dehydrated through a graded
acetone series and embedded in an EPON 812
mixture, and semithin and ultrathin sections were
prepared. The semithin sections were stained with
toluidine blue to permit the identification of the
intermediolateral nucleus. The ultrathin sections,
some of which were serial, were stained with
uranyl acetate and lead acetate and observed with

http://escholarship.lib.okayama-u.ac.jp/amo/vol42/issl/4

a JEM 100B transmission electron microscope

(JEOL).

Results

Fluorescence histochemical investigation.
In the lateral horn, characteristic green nor-
adrenergic fluorescence and yellowish sero-
tonergic fluorescence intensively accumulated
around neurons of the intermediolateral nu-
cleus. Noradrenergic fluorescence existed
in the ventral side of the intermediolateral
cell column, while serotonergic fluorescence
was found on the dorsal side (Fig. 1a). In
horizontal sections, intensive fluorescence
with a beaded arrangement was observed.
Bundles of fluorescent fibers were also ob-
served to pass in a transverse direction
(Fig. 1b). Fluorescent fiber bundles crossed
from side to side, providing bilateral inner-
vation to the intermediolateral nuclei seg-
mentally.

Electron microscopic investigation. Many
5-OHDA-labeled terminals of various types
could be observed in the intermediolateral
nucleus (Fig. 2). Following the administra-
tion of 5-OHDA, many cores in the large
synaptic vesicles (80-100 nm in diameter)
and the small synaptic vesicles (40-60 nm
in diameter) characteristically increased in
electron density. A characteristic features
was that most of these electron dense-cores
in the small synaptic vesicles were eccen-
trically located. They were presumed to be
monoaminergic terminals, and could be clas-
sified into three types on the basis of their
synaptic structural specialization.

Type I. This type contained mainly large
dense-core vesicles, together with a few
small electron dense-core vesicles and many
unlabeled vesicles. These terminals were
0.5-1.5u4m in diameter and were usually
surrounded by glial elements. There was a
relatively wide space between cell structures
(Figs. 3a,b). They were never observed to
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Fig. 1 Fluorescence micrographs of the cat thoracic cord.

la. Transverse section. Dense monoaminergic fluorescence exists in the intermediolateral nucleus (IML). Dense
fluorescent fiber bundle is observed in transverse direction to opposite side of IML, segmentally. Large arrow head
indicates green noradrenaline fluorescence and small arrow head indicates yellowish serotonin fluorescence. %, central
canal; CL., column of Clarke. Bar = 0.1 mm.

1b. Longitudinal section. Dense accumulation of fluorescence is observed around the IML. Bar = 0.1 mm.
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form typical synaptic contacts in any of many  boutons could also be observed in sagital
serial ultrathin sections. In some cases, sections of axons confirming that this type
these type I terminals were found in the presents a “bouton de passage” (Figs. 4a,
neighborhood of the cell soma of intermedio- b).

lateral nucleus neurons (Fig. 4a). Type I Type II. This type contained only a few

Fig. 2 Low and high magnification electron micrographs of the intermediolateral nucleus after administration of 5-
hydroxydopamine (5-OHDA). There are many monoaminergic terminals (+%) labeled with 5-OHDA. Small 5-OHDA-
labeled dense-core synaptic vesicles are prominent in the upper inset, and large 5-OHDA -labeled synaptic vesicles are
prominent in the lower inset. Bars = 0.5 yxm.
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Fig. 3 High magnification electron micrographs of type I monoaminergic terminals labeled
(5-OHDA). These terminals do not have typical synaptic structures, but do have many large
core synaptic vesicles. Bars = 0.5 ym.
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with 5-hydroxydopamine
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large dense-core vesicles and many small
dense-core vesicles. This type of terminal
was 0.5-1.5um in diameter and had a typical
asymmetric synaptic structure (Figs. 5a,b).

Type II. This type of axonal terminal
contained both large and small electron
densely labeled vesicles and occasionally a
few flattened small vesicles. This type of
terminal was 0.7-1.5um in diameter. The
synaptic contact was to a presynaptic nerve

ending containing many non-labeled clear
vesicles, and was of the axo-axonic type
(Figs. 6a,b).

A semiquantitative analysis of the mono-
amine-labeled axonal terminals in the region
of the intermediolateral nucleus showed that
495 labeled terminals occurred in this nu-
cleus in five experimental animals, and that
55% of the labeled axonal terminals were
type I, 40% were type Il and 5% were type

Fig. 4 High magnification electron micrographs of type I monoaminergic terminals labeled with 5-hydroxydopamine

(5-OHDA).

4a. Two varicose terminals exist in the vicinity of neurons of the intermediolateral nucleus. S, Soma of a neuron of

the intermediolateral nucleus.

4b. Sagital section of long axon incorporating type I boutons. Arrow heads indicate the “bouton de passage” type of

5-OHDA -labeled varicose terminals. Bars = 0.5 pm.
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Fig. 5 High magnification electron micrographs of type II moncaminergic terminals labeled with 5-hydroxydopamine
(5-OHDA). The terminals have a typical synaptic contact and contain many large and small 5-OHDA-labeled dense-core
synaptic vesicles. Bars = 0.5 gm.
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Fig. 6 High magnification of electron micrographs of type I monoaminergic terminals labeled with 5-hydroxydopamine
(5-OHDA). The terminals have a synaptic contact with a presynaptic nerve ending containing many unlabeled vesicles.
Bars = 0.5 pm.

http://escholarship.lib.okayama-u.ac.jp/amo/vol42/issl/4
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Table 1 Three types of monoaminergic terminals la-
beled with 5-hydroxydopamine in the intermediolateral
nucleus of the cat thoracic cord

Type
| I I
No®* 274 199 22
(%) (55) (40) (5)

a: A total of 495 labeled terminals were counted in
samples from five cats.

IT (Table 1.). The frequency was similar
for each animal examined.

Discussion

Many fluorescence histochemical studies
have shown that monoaminergic axonal ter-
minals are richly distributed throughout the
gray matter of the spinal cord and that the
densest fluorescence accumulation is observed
in the intermediolateral cell column (2-4,
6-8). According to recent immunohisto-
chemical studies (16-18), many serotonin
terminals exist in this nucleus. It has been
confirmed that the intermediolateral nucleus
receives many monoaminergic fibers including
serotonin fibers bilaterally from brain stem
nuclei (3-6,10,16,18,19). It is widely
accepted that the monoaminergic plexus in
the intermediolateral cell column plays a
role in central cardiovascular control (9,
10). To investigate the ultrastructure of
the monoaminergic terminals, Richardson
(20) developed the potassium permanganate
fixation method which, however, did not yield
good preservation of the ultrastructure.
Modified methods of glyoxylic acid perfusion
combined with potassium permanganate fixa-
tion have been developed (14,19, 21), but
the structural synaptic membrane special-
ization is poorly preserved compared with
the routine aldehyde and osmium tetroxide
fixation method.

Recent advances in immunohistochemistry
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have provided specific labels for terminals
which contain noradrenaline and serotonin
(16-18), but it is very difficult to study
serotonergic and noradrenergic terminals of
the spinal cord simultaneously by electron
immunohistochemistry.

For these reasons, 5-OHDA, a false
neurotransmitter, combined with routine al-
dehyde and osmium fixation, was employed
in the present study. The disadvantage of
this method is the inability to distinguish
noradrenaline terminals from serotonin ter-
minals because both terminals are able to
incorporate 5-OHDA (13,15). However, the
ultrastructure of these terminals is well
preserved, permitting three different types
to be identified. Using this method, three
different types of monoaminergic terminals
were previously identified in the anterior
horn region (15), but their numerical pro-
portion differed from that found in the pre-
sent study of the intermediolateral nucleus.
Monoaminergic terminals often did not show
typical synaptic contacts. This finding
is in agreement with other observations
(14,19, 21-24). Descending noradrenaline
fibers usually stimulate the intermediolateral
nucleus (9,10). Type III terminals are rare-
ly observed and might be associated with an
atypical function (25). Other investigators
(14,15,23) have pointed out the existence
of inhibitory synapses in this region. Type
Il terminals might coexist with some neuro-
peptides which have an inhibitory action.

In conclusion, the autonomic intermedio-
lateral nucleus appears to be mainly influ-
enced by monoaminergic type I and 1
boutons. It might also be influenced by type
Il terminals which seem on morphological
grounds to have a different type of function.
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