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Distribution of substance P Immunoreactive Neurons and Their
Synaptic Organization in_ the Cat Thoracic Cord

Seung Kyun Lee, M.D. and Soo Seog Park, M.D.
Department of Anesthesiology, Catholic University Medical College, Seoul, Korea

Background: Though a number of studies have described the distribution of substance P
(SP)-like immunoreactivity in the spinal cord, they have been focused on lamina I and II
of the dorsal horn and there are little morphological studies on the topographic distribu-
tion and ultrastructure of the SP immunoreactive neurons especially in the ventral horn
of the spinal cord. This study was conducted to identify distribution pattern of SP
immunoreactive neurons and to difine the synaptic organization of their processes in ven-
tral horn of the thoracic cord of the cat by preembbeding immunocytochemical method
using SP antiserum. . o

Methods: Five adults cats of either sex were used and deeply anesthetized by intramus-
cular injection of ketamine. After removal of the spinal cord, samples of thoracic cord
were taken and placed in fresh fixative at 4°C for 2 hours. Transverse sections.50um
thick were processed using the preembbeding immunocytochemical method and ‘incubated
consecutively in the specific primary antibody and the 10% normal goat serum, the rabbit
anti-substance P antiserum, the biotin-labelled goat anti-rabbit IgG and finally th,e;\avidin-
biotin-peroxidase complex. The processed tissue sections were throughly washed. and
stained in the black with 1% uranyl acetate. Section were examined on'a electron ‘micro-
scope. E

Results:

1) SP immunoreactive neurons were observed in the gray matter around central canal.

2) In lamina I and II SP immunoreactivity was observed in both myelinated and unmy-
elinated nerve fibers, but in ventral horn only in the unmyelinated nerve fibers. _

3) SP immunoreactive axon terminals with small round and large dense core vesicles
made chemical synapses onto the dendrites of motor neurons in the ventral horn.

Conclusion: SP immunoreactive neurons might play an important role in modulation of
motor neurons in the ventral horn of the thoracic cord of the cat.
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Fig. 1. Low power microphotograph of a transverse section of the cat thoracic cord processed for sub-
stance P (SP) immunoreactivity. .
Strong SP immunoreactive fibers are heavily distributed in the dorsolateral fasciculus(DLF), and
lamina I and II of the dorsal horn (DH), and more or less evenly distributed in the rest of the
gray matter.
C, central canal ; arrows, SP immunoreactive neurons ; IGS, intermediate gray substance ; VH,
Ventral horn. x 200 ’
Figs. 2A & B. Strong SP immunoreactive neurons in the gray matter around central canal(C). SP
immunoreactive neurons are oval or spindle in shape, and two primary processes(arrows) are seen
to emerge from the cell body. x 400.
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Figs. 3A, B, C & D. Microphotographs of the dorsolateral fasciculus and lamina I and II(3A) tne area

adjacent to the central canal (C, 3B),
immunoreactivity. x 800,

lateral horn(3C) and anterior horn (3D) showing SP

3A; Strong SP immunoreactive nerve fibers are observed in the dorsolateral fasciculus(DLF) and

lamina I and II of the dorsal horn.

3B; SP labelled processes extending to the lateral and ventral horms. C, central canal
3C & D; SP immunoreactive profiles are evenly distributed. MN. motor neuron.
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Fig. 4. A part of SP immunoreactive neuron with well developed cellular organelles such as mitochon-
dria, endoplasmic reticulum and ribosome. OG, oligodendroglia ; scale bar, 2 4m.
Fig. 5. Note that naked axons(White circle) show strong SP immunoreactivity. D, dendrite; scale bar, 2 pm.

A7 5~6 mAx, MEAANA 2~3742] AAE7]
7 A ole dFA AAAZG e, ofF AX
NN FaAse AAMARE dAE 222 (lateral
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Figs. 6A, B & C. Electron microphotographs show that strongly labelled axon terminals(stars) make
chemical synapses{arrows) onto large(6A) and small(6B & 6C) unlabelled dendrites in the ventral
horn.

Note non-labelled axon terminal {open star) making synapses onto the dendrite (open arrow).
white arrowheads, dense core vesicles ; scale bar, 1 #m.

TAEZ e 2 7l v4FEy $EAAYY A Asted sk
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[v]
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’%& a2 % ':W"‘. : ; £ g
ina | of the dorsal horn, comprising a number of -

Fig. TA. Low power electron microphotograph of lam
unmyelinated and myelinated nerve fibers.
MG, microglia; OG, oligodendroglia; scale bar, 2 gm.
7B. High power electron microphotograph of lamina I SP immunoreactivity is observed in both
' naked and myelinated nerve fibers. Scale bar, | zm.
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