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Introduction

The transmission of pain from peripheral tissues
through the spinal cord to the higher centers of the brain is
not a passive simple process using exclusive pathways.
Since the spinal neuronal systems have the potential to
alter the information, the input messages may be attenu-
ated or enhanced. Thus the interplay between spinal
neuronal systems will determine the messages delivered to
higher levels of the central nervous system.

In the early 1980s a study on central plasticity in the
somatosensory system led to the discovery that tissue
injury could trigger an increase in the excitability of
neurons in the spinal cord’, a phenomenon that has become
known as central sensitization?, It was then found that

central sensitization was generated by C-afferent fibers
and that the changes were expressed as alterations in the
spatial extent, responsiveness and threshold of the recep-
tive fields of dorsal horn neurons as a consequence of the
recruitment of subthreshold synaptic potentials.
Facilitation in the dorsal horn occurs as a direct conse-
quence of increased C-fiber input®. This “Wind-up” phe-
nomenon is due partly to the interaction of two mediators
released from the C-fiber terminals, namely glutamate
which acts on AMPA and NMDA receptors and substance
P which acts on neurokinin (NK)-1 receptorst. Other
modulating influences, whose activity may be altered in
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Fig.1 Spinal cord synaptic plasticity. A schematic diagram
1llustrating the release of the excitatory and inhibitory
transmitters and subsequent effects on a dorsal horn
nociceptive neuron, wind-up and gene induction for example.
Transmitters are derived from either the afferent C-fibers,
interneuron, or descending bulbospinal pathways. Trans-
mitters such as glutamate, substance P, neurokinin A, and
CGRP contribute to excitatory modulation whereas 5-HT,
NE, enkephalin, somatostatin, adenosine, GABA, and
glycine contribute to inhibitory modulation.
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chronic pain states, include GABA-mediated inhibition,
and an alterations in opioid-mediated synaptic inhibition
due partly to increased release of cholecystokinin (CCK)
acting in opposition to endogenous opioids’. Many other
peptide and non-peptide mediators are belived to modulate
transmission in the nociceptive pathway. There are two
types of modulation, excitatory and inhibitory as depicted
in Fig 1. The excitatory modulation means enhancement of
the intensity and/or duration of the nociception, and
inhibitory modulation means alleviation of the nocicep-
tion. Therefore, the excitatory or inhibitory modulation
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does not necessarily coinside with the direct action on the
neuronal membrane activity. In this article, the new
development of neuroscinence concerning the mediators
and receptors in the spinal cord is reviewed. The spinal
receptor systems and bioactive substances are summarized
in Table 1.

Table 1. Summary of spinal receptor systems and bioactive substances.
i Spinal effects
Classification Substance Receptor . Splnal. pina - Agonist Antagonist
binding site Sp release WDR discharge
Excitatory modulation
Neuropeptides .
Tachykinin
substance P NK1 pre/post increase substance P CP96345
neurokinin A NK2 pre/post increase NKA SR48968
neurokinin B NK3 GR138676 [Pro’] NKB
Neurotensin ? ? increase NT-1-13 SR48692
CGRP pre/post increase ? CGRPS8-37
Cholecystokinin CCKa./CCKs pre/post ? gastrin devazepide
Amino acids
Glutamate NMDA post ? increase NMDA MEK801
nonNMDA AMPA CNOX
kainate
Inhibitory modulation
Neuropeptides
Opioid
enkephalin mu pre/post decrease decrease morphine naloxone
: delta pre/post  decrease decrease DPDPE naltrindole
dynorphin kappa pre/post no change decrease U50488H norBNI
Neuropeptide Y pre/post  decrease ? NPY1-36
Somatostatin pre/post octreotide
Galanin pre/post
Amino acids
GABA GABA4 pre/post decrease muscimol bicuculline
. GABAs pre/post decrease decrease baclofen saclofen
Glycine pre/post no change decrease taurine strychnine
Others
Catecholamines
noradrenalin alpha 2 pre/post  decrease decrease medetomidine yohimbine
clonidine
dopamine D2 ? decrease ? dopamine sulpiride
Serotonin 5-HTiwa pre/post ? decrease
5-HTia ? ? decrease
5-HTis ? ? no change ketanserin
5-HT, pre/post increase  decrease
Adenosine AJ/A; post no change decrease theophylline
Acetylcholine Mi/M. pre/post  ? decrease neostigmine  atropine

Location of binding in spinal cord ; some transmitter bind presynaptically on primary afferent nerve terminals, others bind
postsynaptically. The spinal effects of ligands are modulation of substance P release and the discharge of WDR neuron in the
spinal dorsal horn. Abbreviations : SP ; substance P ; GABA : gamma-amino-butyric acid ; WDR : wide dynamic range ;
NMDA : N-methyl-D-aspartate ; AMPA : a -amino-3-hydroxy-5-methylisoxazole ; NK : neurokinin ; 5-HP : 5-hydroxytrypta-
mine ; DPDPE : D-Pen2-D-PenS enkephalin ; NPY : neuropeptide Y.
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Excitatory Modulation

Neuropeptides

Tachykinins

The tachykinins belong to a family of neuropeptides,
including substance P (SP), neukokinin A (NKa.) and
neukokinin B (NKs). There are three major types of
tachykinin receptors (NK-1, NK-2 and NK-3) which recog-
nize these peptides®, SP being the preferred agonist at NK-1
receptors’. In the human CNS, NK-1 receptors predominate
and are believed to play a major role in pain transmission.

Tachykinins, particularly SP, the most intensively
studied sensory neuropeptide, are known to be important
mediators in the nociceptive pathway®. SP is released,
along with NKa, in the spinal cord in vivo upon noxious
peripheral stimulation. In acute nociception, NKa, acting
on NK-2 receptors, appears to play the major role. NK-1
antagonists have only a small effect on the slow excita-
tory synaptic potential in the spinal cord elicited by
C-fiber stimulation, whereas NK-2 antagonists are much
more effective, suggesting that, under normal physiologi-
cal conditions, SP is less important than other excitatory
transmitters (paticularly NKa ), in this pathway®.
Accordingly, NK-1 receptor antagonists produce only a
weak inhibition of acute nociceptive responses.

NK-1 receptors are upregulated during hyperalgesic
conditions and the production and release of tachykinins
from primary afferent fibers also increase”. In the spinal
cord the parallel increase in the amount of SP released and
in the number of NK-1 receptors both contribute to the
enhancement of SP-mediated transmission. SP produces
long lasting depolarization of dorsal horn neurons. This
contributes to the long lasting facilitation of transmission
(“wind-up”) in the nociceptive pathway that follows
activity in peripheral nociceptive neurons.

NK-1 receptor antagonists are antinociceptive in various
animal models in which hyperalgesia is allowed to develop.
Peptide antagonists specific for NK-1 and NK-2 receptors
have been known for several years, and used to study the
functional role of these receptors, but have not been
developed for therapeutic use.

Neurotensin

Neurotensin, a tridecapeptide first isolated from bovine
hypothalamus"”, produces a variety of pharmacological
effects in vitro as in vivo. In the rat spinal cord,
neurotensin has been localized to the substantia gelatinosa
as a particularly dense band of fiber and terminal like
fluorescence in lamina II, with somewhat lower density in
lamina I*%

Neurotensin causes a slight to moderate excitation of
nociceptor afferent fibers in laminae I -II. This excitation
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is characterized by a slow onset and recovery. The tempo-
ral characteristics of neurotensin-produced excitation and
the results with L-glutamate are consistent with the
possibility that neurotensin acts on postsynaptic sites in
laminae I -1l of the spinal cord as a neuromodulator®.

Calcitonin gene related peptide (CGRP)

CGRP is released from nociceptive afferent fibers in the
dorsal horn in response to noxious stimuli. It produces
slow depolarizing responses in dorsal horn neurons, and
also potentiates the depolarizing effect of SP. The coexis-
tence of CGRP and SP in neurons within the dorsal root
ganglion and the spinal cord dorsal horn reveals that these
two neuropeptides have functionally important inter-
actions*. CGRP can potentiate the release of SP from
spinal dorsal horn neurons®. Capsaicin, a compound which
stimulates the release of SP, can produce the release of
CGRP from rat spinal cord slices. One possible mechanism
by which CGRP could potentiate SP evoked activity may
be through excitation of spinal dorsal horn neurons which
receive input from primary afferent neurons. CGRP has
been demonstrated to produce a Ca** dependent depolari-
zation in dorsal horn neurons® and to excite wide dynamic
range and low threshold mechanoreceptive neurons when
applied iontophoretically”.

Cholecystokinin

CCK differs from most of the other neuropeptides that
modulate nociceptive transmission in that it appears to
act, not directly, but by interaction with the opioid sys-
tem ; it can be regarded as an endogenous inhibitor of
opioid mediated analgesia®. CCK given intrathecally
antagonizes the analgesic effect of opiates acting on the
mu-receptors, but does not by itself produce hyperalgesia
under normal conditions. Under conditions of stress, when
the antinociceptive opioid systems are activated, CCK
produces hyperalgesia, similar to that produced by
naloxone. Conversely, CCK antagonists enhance the
analgesic effect of opiates®. This accentuation is clearly
evident in normal animals, but under conditions of chronic
inflammation, in which the antinociceptive potency of
morphine is enhanced compared with the normal situation,
CCK antagonists have no effect. Many neuropathic pain
states are associated with hyperalgesia and allodynia
which are relatively resistant to opiates. It is suggested
that this results from increased release of CCK, since CCK
antagonists enhance the effect of morphine in animal
models of neuropathic hyperalgesia®.
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Amino acids

Glutamate

Many literatures support involvement of receptors for
excitatory amino acids (EAA), especially glutamate, in
mediating synaptic transmission in the mammalian spinal
cord®. The existence of at least 3 EAA receptor subtypes
has been described including those activated by the
agonists N-methyl-D-aspartate (NMDA), quisqualate
(Quis) or the more selective agonist, «-amino-3-hydroxy-
5-methyl-4-isoxazole-propionic acid (AMPA)Z, and kinate
(KA)2 The NMDA and AMPA receptors are involved in
spinal nociceptive transmission. Especially NMDA recep-
tors are located in the dorsal horn neurons in laminae I
and V, areas of the spinal cord thought to receive
nociceptive input. Both NMDA and AMPA at subthreshold
doses can elicit increased responses to peripheral mechani-
cal, especially noxious mechanical, and noxious thermal
stimulation of dorsal horn projection neurons.

Antagonists at NMDA receptors, such as AP-5 and
MK801, prevent the phenomenon of “wind-up” in the
spinal cord®, which is believed to play an important role in
inflammatory hyperalgesia®, and show analgesic activity
in various animal models when administered intrathecally.
Ketamine, is effective as an analgesic agent, given on its
own or as an adjunct to morphine*. Another clinically
available drug, the antiviral agent memantine, also
possess NMDA blocking activity, and has been shown to be
antinociceptive in the formalin test in rats, with a reason-

function”.

Inhibitory Modulation

Neuropeptides

Opioids

It has become increasingly clear that the powerful
analgesic effects of opiates result from actions at both
spinal and supraspinal sites®. Modification of spinal
nociceptive processing by systemically administered
opiates results both from local actions within the dorsal
horn and from supraspinal actions that activate descend-
ing antinociceptive systems. At spinal level, the intra-
thecal administration of opiates or opioid peptides elicits
behavioral analgesia in animals and in man.

Opioid receptors in the spinal cord are a key site in the
production of analgesia, as demonstrated by opioid
inhibition of nociceptive neurons in spinal animals, direct
analgesia following epidural and intrathecal opioids in
animals and then subsequently in humans®. There have
been considerable efforts devoted to the study of opioid
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receptor subtypes in the spinal cord, using both electro-
physiological and behavioral approaches.

There are three opioid receptors in spinal cord, mu, delta
and kappa. Morphine acts on the mu receptor®. The highest
concentrations of opioid receptors in the spinal cord are
around the C-fiber terminal zones in the lamina I and the
substantia gelatinosa with lower concentrations found in
the deeper layers®™.

The location of the presynaptic opioid receptors on C but
not large A-fiber terminals allows for the observed selec-
tive effects of spinal opioids on noxious evoked activity®.
Many of the postsynaptic opioid receptors are located on
nociceptive circuitry such as interneurons or on the den-
drites of the deep cells penetrating into the C-fiber termi-
nal zone ; inhibitory effects here would also be selective.
Whatever the case these different mechanisms will have
overall similar final effects in reducing acivity in
nociceptive pathways.

Fleetwood-Walker et al.® reported that when adminis-
tered near to spinocervical tract (SCT) neurons in laminae
M-V of cat spinal cord, only kappa agonists exerted a
selective antinociceptive action whilst mu and delta
agonists were ineffective. In contrast, mu agonists
iontophoretically applied in the region of the substantia
gelatinosa had a selective antinociceptive effect on SCT
neurons. :

The antinociceptive action of kappa opioid agonists is
exerted on both the thermal and mechanical nociceptive
responses of laminae Il - V neurons to an apparently
similar degree. Systemic or intrathecal administration of
gelective kappa agonists are most effective against vis-
ceral and mechanical nociception but there is little margin
between doses causing antinociception and motor dysfunc-
tion or paralysis®,

Mu and delta receptor selective agonists often had
profound influences on both nocispecifis and multirecep-
tive lamina I neurons. Autoradiographic studies have
revealed mu opioid binding sites correspondingly concen-
trated in the superficial dorsal born (lamina I and I )®
and mu agonists can exert an antinociceptive influence on
deeper dorsal born neurons, via the substantia gelatinosa,
in cat.

A recent autoradiographic study by Morris and Herz
found delta binding sites restricted to lamina I of the
dorsal horn of the rat. So delta agonists failed to influence
somatosensory inputs to deeper dorsal horn neurons
(lamina II-V ) when either applied nearby these cells or in
the substantia gelatinosa dorsal to the cells being re-
corded.

In 1979, Wang et ‘al.” reported the first use of spinal
intrathecal opioid in humans, who were eight patients with
intractable pain due to malignancies of the genitourinary
tract with invasion of the lumbosacral plexus. The use of
intrathecal opioids for acute and chroinic pain relief
subsequently was reported in many clinical settings,

36
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including postoperative pain®, obstetrics®, cancer pain®.
But Behar”, first reported the effective use of epidural
opioids in humans in 1979, A multitude of case reports
followed®. Epidural opioids reached the spinal fluid very
rapidly and that analgesia could be obtained in the absence
of “analgesic” blood concentrations.

Reports of selective and long duration analgesia follow-
ing spinal adminstration of opioids were tempered by
documentation of a number of side effects such as pru-
ritus®, nausea and vomiting, urinary retention*, and both
early and late respiratory depression®.

Recently, interest has focused on the spinal administra-
tion of the anilinopiperidines, such as sufentanil and
alfentanil, because these compounds have several unique
properties. First, anilinopiperidines typically possess
higher lipid partition coefficients, while alfentanil dis-
plays high unionized fractions at physiologic pH*. These
agents display a rapid permeation through the pia-
arachnoid mater and their high lipid solubility corresponds
with a rapid diffusion into neural tissues. Such rapid
movement can potentially alter the concentration of the
drug in the cerebrospinal fluid (CSF) available for clear-
ance by bulk movement of the CSF. Second, pharma-
codynamic studies have shown that anilinopiperidines
show higher intrinsic activity than morphine”. These
properties have been shown to have potential benefit with
regard to the maximum achievable analgesic effect and the
magnitude of tolerance development in animal models®.
There are nearly identical analgesic and side effect profiles
for epidural fentanyl and alfentanil but significantly less
analgesia after sufentanil® It is possible that sufentanil is
so lipophilic that it is sequestered in epidural fat, and less
is available for arachnoid mater to reach the site of action
in the spinal cord.

Neuropeptide Y (NPY)

Neuropeptide Y (NPY) is an 36-amino acid peptide
derived by the posttranslational processing of a 97 amino
acid precursor molecule”. In the spinal cord, a rich system
of NPY like immunoreactivity, particularly in the superfi-
cial layers of the dorsal horn and in the intermediolateral
cell column has been described™. The origin of endogenous
NPY in the dorsal horn as well as in other parts of the
normal spinal cord is considered to be primarily from
intrinsic interneurons and from descending bulbospinal
projections® NPY is shown to be a powerful modulator of
neurotransmitter release from cultured dorsal root gan-
glion cells and to yield a strong inhibition of spinal
nociceptive and  visceromotor reflexes following
intrathecal administration in unanesthetized rat® .
Intrathecal administration of this peptide produces a
powerful, dose-dependent blockade of noxious, thermal
and mechanical stimuli which are not antagonized by an
opioid or alpha 2 adrenergic receptor antagonists.
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Moreover, NPY strongly inhibits depolarization evoked
release of substance P from cultured dorsal root ganglion
neurons®. The antinociceptive effects of NPY could possi-
bly be mediated via the presynaptic inhibition of the
release of substance P and other coexisting transmitters
from primary afferent terminals. However, like for
opiates, there is little in vivo evidence for the involvement
of  intrinsic NPY in the direct regulation of substance P
content and release from the primary afferent fibers®.

Somatostatin (SST)

SST is a tetradecapeptide extensively distributed in most
organs of vertebrates. The somatostatinergic system
includes afferent axons terminating in dorsal horn, spinal
interneurons, and descending and ascending pathways®.

The use of spinal SST for pain control is extensive.
Chrubasik et al.” and Meynadier et al.® reported that SST
have analgesic actions for postoperative and cancer pain.
But spinal SST in concentrations not much greater than
those used in humans were found to have deleterious
effects on the spinal cord after bolus intrathecal injections
in rats, mice, and cats®®, SST or its analogues serve to
decrease blood flow and to augment postsynaptic effects
of glutamate on spinal cord, then local neuronal injury
might occur®. In the light of these mechanisms, toxicologi-
cal evaluation is needed for clinical use as analgesics.

Galanin

Galanin is another neurcpeptide released by nociceptive
afferent neurons®. Unlike SP and CGRP, the synthesis of
galanin is upregulated by peripheral nerve damage, and it
is postulated that it exerts a tonic inhibitory effect on
transmission in the dorsal horn®. Galanin like agonists
would therefore be a possible strategy for developing new
analgesic drugs.

Amino acids

Gamma-aminobutyric acid (GABA)

GABA receptors and benzodiazepine receptors are
localized in lamina II of the dorsal horn and moderately
distributed in laminae I and II*. High concentrations of
GABA, GABA receptors and benzodiazepine receptors in
lamina II of the dorsal horn of the human spinal cord
suggest a possible role for GABA in spinal sensory func-
tions. ;

GABA. receptors are evenly distributed throughout the
gray matter of the spinal cord, although there are slightly
more in the dorsal horn than in the ventral regions. The
distribution of GABAs receptors is not uniform. GABAs
receptors are located throughout the gray matter mainly
in laminae II and I, but a considerable number of the
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receptors also exists in laminae I and IV and dorsal
aspects of lamina X around the central canal.

The dorsal root potential is simulated by a GABAa
agonist, mucimol, and blocked by a GABA4 antagonist,
bicuculline ; the GABAA receptors are on primary afferent
nerve terminals®. On the other hand, activation of
GABA. receptors inhibits the slow ventral root potential
evoked by electrical stimulation. The location of the
GABA . receptors responsible for slow ventral root poten-
tial inhibition is not definite ; possible sites include the
receptors on the primary afferent nerve terminals, recep-
tors on interneurons, and on the motor neurons them-
selves. Recently, baclofen has been shown to be a selective
ligand for a bicuculline-insensitive GABA receptor
(GABAs) site. GABAs receptors can occur presynaptically
although a postsynaptic location is possible®. The activa-
tion of GABA: receptors reduces the evoked release of
neurotransmitter. Such an action on terminals in the
dorsal horn might well explain how baclofen acts an
analgesic.

Some of the pharmacologic properties of barbiturates
are due to actions on GABA receptors. Barbiturates
enhance inhibitory synaptic transmission by increasing the
effectiveness of the neurotransmitter GABA on the
GABA. receptor chloride channel”. Propofol also occupies
a site on the GABAA receptor, which may be different from
the sites occupied by the barbiturates or the benzodiaze-
pines®. Unlike clinically effective analgesic agents such as
morphine and «:-adrenoceptor agonists, propofol and
barbiturates are not effective in suppressing nociceptive
neurotransmission until they reach concentrations close to
a general anesthetic level®.

Glycine

Glycine and GABA are inhibitory neurotransmitters
which appear to be important in sensory processing in the
spinal dorsal horn™. GABA is present in high concentration
in the somata and axon terminals within laminae II and
V. Glycine appears to coexist with GABA but not all
GABAergic cells in the dorsal horn™. Glycinergic neurons in
laminae II and I of the rat spinal cord receive a major
monosynaptic input from myelinated low threshold
mechanoreceptive primary afferents which activate local
glycinergic neurons in the dorsal horn™. Glycinergic
interneurons normally regulate the discharge of second
order wide dynamic range neurons, the loss of this inhibi-
tory regulation results in abnormal firing evoked by large
diameter fibers.

Evidence of glycinergic dysfunction in allodynia is
provided by studies using the glycine receptor antagonist,
strychnine®.
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Others

Norepinephrine

Alpha adrenoceptors on their synaptic locations led to a
subdivision of « adrenceptors into postsynaptic «1 and
presynaptic «.™. As more selective « adrenoceptor an-
tagonists became available, it was possible to definitely
separate the « adrenoceptors into two subtypes on a
pharmacologic basis. The classification of a.versus «:1is
based on the antagonists yohimbine and prazosin®.

The a :adrenergic receptors is a member of the G protein
coupled family of membrane receptors. There are at least
five separate effector mechanisms that are directly modu-
lated by the activated «: adrenergic receptors. a. Ad-
renergic receptors activation results in the alkalinization
of the interior of cultured cells by accelerating Na*/H*
exchange”®. There also results activation of K* channels”
and inhibition of voltage sensitive Ca** channels®. a:
Adrenergic receptors mediated inhibition of Ca** channels
may play a role in suppressing Ca** entry into the nerve
terminals and blocking exocytosis of neurotransmitters.
Inhibition of calcium uptake has also been linked to the
antinociceptive action of clonidine in rats.

Analgesic effects of «. adrenergic receptor agonists
relate to the role of the descending medullospinal
noradrenergic pathway modulating spinal nociceptive
processing™. «: Adrenergic receptors are located on the
dorsal horn neurons of the spinal cord® where they can
either inhibit the release of nociceptive neurotransmitters
such as SP or CGRP.

The analgesic action of clonidine, an « . adrenoceptor
agonist, has been known for many years, and it is some-
times used by systemic or intrathecal administration for
this purpose, usually in combination with other agents®.
The main disadvantages are sedation and hypotension.
Used topically, as a transdermal patch, clonidine has also
been reported to relieve hyperalgesia in patients with
sympathetically mediated pain®

Dexmedetomidine, an «. receptor agonist used in
veterinary anesthesia, is more potent in antinociceptive
assays than clonidine when given intrathecally, but pro-
duces motor disturbances®.

Dopamine

Several studies have indicated the presence of nerve
terminals that contain dopamine in the dorsal horn of the
spinal cord of the rat and cat. The use of compounds highly
selective for D1 and D2 dopaminergic receptor subtypes
provides direct evidence that iontophoretically applied
dopamine exerts its antinociceptive effects via D2
dopaminergic receptors at the level of the dorsal horn. The
precise location of dopaminergic receptors in the spinal
cord is not clear but most likely location of these
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dopamine receptors may be interneurons. In the view of the
action of dopamine on neurons in both laminae I and II-
V, such interneurons may be located throughout the dorsal
horn.

Behavioral studies reveal that the selective anti-
nociceptive effects of dopamine are mediated via D2
dopamine receptors®. Barasi and Duggal® reported that
intrathecal administration of D2 dopamine receptor
agonist, LLY171555, significantly increased the tail flick
latency of lightly anesthetized rats, while a D1 dopamine
receptor agonist, SFK39383, had no effect. The selective
inhibition of dopamine of nociceptive inputs to neurons
with long ascending axons in both the superficial and the
deeper dorsal horn indicates that the dopaminergic system
can regulate both spinal nociceptive processing and the
transfer of information to supraspinal levels.

Serotonin (5-HT)

Serotonin (5-HT) play an important role in modulating
nociception. The spinal cord appears to be a major site for
serotonin action, and intrathecally applied 5-HT produces
dose dependent behavioral analgesia in rat, which can be
reversed by 5-HT antagonists®™. The serotonergic innerva-
tion of the spinal cord originates from specific brainstem
loci. In the dorsl horn, serotonergic terminals are concen-
trated in the superficial laminae I and II and the lateral
aspects of laminae V and VI in the rat and cat®.

Electrical stimulation of nucleus raphe magnus, a major
source of descending serotonergic input to the dorsal horn,
can inhibit responses of dorsal horn neurons to noxious®
and innocuous stimuli®. But inhibitory or excitatory effect
of 5-HT are mediated through different classes of 5-HT
_receptor sites®.

In the spinal cord of rat, both 5-HT1s and 5-HTI1s
receptor subtypes are present®. Although the 5-HT2 site
also exists in the spinal cord, it is present at quite low
levels.

Hamon et al.® used radioactive ligands for 5-HT3
receptors, [*H] zacopride, the tritiated derivative of a
highly potent and selective 5-HT3 antagonist, which was
found in the superficial layers of the dorsal horn. 5-HT3
receptors are located presynaptically on unmyelinated
primary afferent fibers ending within the spinal cord.

Electrophysiological investigations have shown that
5-HT can exert both an inhibitory and an excitatory effect
via different receptors probably, on primary afferent
fibers. In addition, behavioral studies have revealed that
analgesia can be obtained by either stimulation of 5-HT1
receptors or blockade of 5-HT3 receptors.

Adenosine

There is considerable evidence suggesting that adenosine
exerts a modulatory effect on nociceptive transmission
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both in the periphery and in the central nervous system®.
Adenosine receptors fall into two main classes, Al and A2.
Al receptors mediate predominantly inhibitory effects on
synaptic transmission, whereas A2 receptors are mainly
excitatory. Both receptor types are expressed in the central
nervous system, and both types occur in the superficial
region of the dorsal horn, where they are believed to be
present on small interneurons. Intrathecal administration
of adenosine analogues produces a powerful antinocicep-
tive effect®, though this is often accompanied by motor
impairment. Systemic administration of adenosine
agonists is also effective, but is accompanied by cardiovas-
cular effects (hypotension and cardiac depression). Studies
with receptor-selective agonists suggest that the anti-
nociceptive action results from activation of Al receptors,
which is known to exert pre-and post-synaptic inhibitory
effects in the dorsal horn. Adenosine receptor antagonists
inhibit the antinociceptive action results from activation
of Al receptors. Adenosine receptor antagonists inhibit
the antinociceptive effects of morphine, and morphine has
been shown to elicit adenosine release®. Al receptor
agonists act synergistically with opiates when both drugs
are given intrathecally.

Acetylcholine

Histochemical and autoradiographic studies have dem-
onstrated the existence of cholinergic nerve terminals and
both muscarinic and nicotinic cholinergic binding sites in
the spinal dorsal horn”. Muscarinic receptors in the dorsal
horn are located in the nerve terminals of the primary
afferent®. Muscarinic agonists may both excite and inhibit
different dorsal horn cell systems raises the possibility
that the antinociceptive actions of spinal muscarinic
agonists reflect at least two modulatory mechanisms, one
that excites inhibitory interneurons and one that
hyperpolarizes dorsal horn projection neurons®.

Both M1 and M2 muscarinic receptor subtypes are
located in the superficial dorsal horn™. The study in sheep
is consistent with a predominant or exclusive role of Ml
receptor subtypes in spinal cholinergic analgesia in this
species'™. The spinal hemodynamic effects of intrathecally
administered neostigmine in sheep are due to actions on
M2 muscarinic receptors in the intermediolateral cell
column, suggesting that cholinergically mediated analge-
sia and hemodynamic effects could be separated in this
species with receptor selective agonists.

Phase I safety assessment of intrathecal neostigmine
methylsulfate in healthy volunteers  demonstrated dose
related analgesia and side effects. Side effects observed
were nausea, vomiting, urinary retention, motor weakness
and decreased deep tendon reflexes. In contrast to systemic
administration, relatively large doses of spinally adminis-
tered cholinergic agonists or cholinesterase inhibitors
increased blood pressure and heart rate. Volunteers
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receiving spinal neostigmine in the current study exhibited
motor weakness and reduction in deep tendon reflexes in
the lower extremities, and later onset of the effects over
time was consistent with cephalic spread of neostigmine in
CSF.

Combining cholinergic agonists with either opioids or
adrenergic agonists may produce profound analgesia while
minimizing side effects'™.

Conclusions

Our knowledge about receptors operating in the spinal
cord in different pain situations has been increased re-
markably in the past few years. The concepts of central
hypersensitivity and plasticity are now the new range of
vision for development in neuroscience and pain medicine.
We now have a much better understanding of the events
underlying neuropathic and inflammatory pain. Antago-
nists of the neurokinin and NMDA receptors, delta opioid
agonists, a. adrenoceptor agonists, and CCK. receptor
antagonists as analgesics would be used in the future.
However, we should further investigate and understand the
spinal receptors and neuropeptides and excitatory amino
acids which participate in pain modulation.
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