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Involvement of NMDA and non-NMDA receptors
in transmission of spinal visceral nociception in cat!
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ABSTRACT

AIM. To study the role of N-methyl-D-aspartic acid
{NMDA )} and non-NMDA receptors in  processing
nociceptive visceral information in the spinal cord.
METHODS: The firing of spinal darsal horn neurons
1o colorectal distension {3 — 15 kPa, 20 s) by inflation
with air of latex balloon was recorded in 25 anesthetized
RESULTS: 1) According to the patiemns of
responses o colorectal distension, the neurons with

cats.

increase and decrease in firing were classified as
excitatory and inhibitory, respectively. The former
consisted of 17 short-latency abrupt ( SLA ) neurons, 11
short-latency sustained { SLS} neurons, 9 long-latency
{LL) neurons. The 15 inhibited { Inh} neurons were
recorded.  2) Microelectrophoretic adnministration of
NMDA, quisqualic acid (QA}, and kainic acid ( KA)
activated 67.6 % . 78.4 % . and 59.5 % of the
colorectal distension-excited neurons tested.  Also,
ol %, 8.7 %, and 53.3 % of Inh neurons were
activated by these 3 amino acids. 3} Colorectal
distension-induced excitatory responses were reduced by
35 % =10 % and 65 % £ 1 % by a selective NMDA
receptor anfagonist & , {-2-amino-3- phosphonovalerate
(APV) and a selective non-NMDA receptor antagonist
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6. 7-dinitro-quinoxaline-2 , 3-dione { DNQX ), respec-
tively. Such DNQX-induced inhibition was signi-
ficantly more potent than that by APV (P < 0.05}.
Colorectal distension-indoced inhibitory responses were
partially relieved by 30 % — 50 % in 3/7 Inh nevrons
by DNQX. but not APY. CONCLUSION: Both
NMDA and non-NMDA receptors are involved in
transmission and/or modulation of spinal visceral
nociceptive information and non-NMDA receptors may
play more important role than NMDA receptors.

INTRODUCTION

Excitatory amino acids ( EAA} receptors. NMDA,
and pon-NMDA, were involved in various kinds of
spinal nociception'' %/, Application of EAA receptor
agonists elicited hyperalgesia and selective EAA
receptor antagonists produced antineciception or anal-
gesiad >, NMDA receptors mediate  excitatory
transmission and are involved in
nociceptive dorsal hom neurons'™".  The excessive
excitation of NMDA receptors might be responsible for
the generation of pain produced in tat models of tissue
inflammation and nerve injury. Non-NMDA receptors
might also participate in acute and  inflammatory
nociceptive transmissiont® -, In a previous study™’,
we found that NMDA and non-NMDA receptors were

“wind up” of

not only involved in pociception. but might
preferentially mediate transmission of  nociceptive
information originating in  skin  and muscle,
respectively.  However, the contribution of NMDA

and non-NMDA receptars in visceral nociception has
not been evaluated. The skin, muscle, and visceral
organs were sensitive to different kinds of stimuli.
indicating that visceral and somatic sensation might
oveur throngh different mechanisms. The purpose of
present study was to examine the role of NMDA and
non-NMDA receptors in spinal visceral nociception.
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MATERIALS AND METHODS

Cats Experiments were performed on 21 adult
cats of either sex weighing 2.0 — 3.5 kg ( Shanghar
Experimental Anmimal Center, Chinese Academy of
Sciences, Certificate No (053) anesthetized with sodium
pentobarbital { initial dose, 40 mg « kg™'. ip).
Catheters were mserted into radial vein, carotid artery
and tracheal. The lumbar and sacral spinal cord wer:
exposed and transected at L, _. segments after
Cats were artificially
ventilated after neuromuscular paralysis with gallamine
tricthiodine {4 mg-kg™', iv) and end tidal CO. level
was kept at 3.5 % —~ 5.0 %. A slow infusion pump
vontinuously dehvered both  pentobarbitone (2 mg -
kg '-h~!) and gallamine (4 mg-kg~!-h~!). Blond
pressure and body temperature were maintained at

pretreatment with 2 9% procaine.

physiologic level.
Noxious visceral stimulation The distension
control device was used to provide a distending stirmulus
previously described 21 Colorectal distension was
produced by inflaion with air of 7- 10 8-cm-lomg
pressure-monitored flexible latex balloon inserted inmo
the descending colon und rectum wvia anus.  The
balloon had 2 diameter { when inflated} greater than the
distended volon so that recorded pressure was an
Intracolonic
pressure was continuously monitored directly via an on-
line pressure transducer. A colorectal distension (10.5
—12.5 kPa pressures } was used as the search stimulus.
Distending { 3-15kPa. 20s ) were
administrated at 4-min intervals to provide stable neural
responses @ colorectal distension throughout the course
of an experiment. According to the terminology of
Ness and Gebhart’s study!'™, the neurons with increase
and decrease in firing were classified as excitatory and
inhibitory, respectively.  The former included SLA
neurons ( short-latency abrupt increase infiring). SLS
neurons ( short-latency sustained increase ). and LL
The later was Inh
neurons with decrease in spontaneous firing,
Microelectophoresis and recording The
centrll barrel { filled with NaCl 4 mol} of 7-barrel
micropipeties wernz used for extracellular single-unit
recording in the spinal S; ; segment. The following
solutions were contained within the outer barrels of
7-barrel N-methyl- D-aspartic

accurate measure of colorectal distension .

stuuli

neurons ( long-latency increase ).

nHcropipettes acid

{ NMDA., ) mmol }, quisqualic acid (QA., 5> mmol},
kainiv acid (KA, 5 mmol?, & ./-2-amino-5-phosphono-
valerate { APV, 50 mmol) and 6, 7-dinitro-quinoxaline-
2, 3-dione { DNQX. 1 mmol), one barrel of the micro-
pipettes was filled with NaCl 150 mme! for cument
balance .

The action potentials recorded with a  glass
microelectrode were amplified ( MEZ-8201 ), displayed
on a storage oscilloscope ( VC10), and stored on a
computer ( IBM-PC-4861. The depth of a recorded
neuron was estimated by reading of the depth of
micropipette tip indicated on the microdriver,

RESULTS

Fifty-two neurons of the dorsal hom responded o
noxious colorectal distension (3 — 15 kKPa, 20 5) were
tecorded from laminae [ — V], mainly in laminge |
— IV, at §,.. More than 80 % of the neurons also
received convergent somatic input from scrotal and
pesianal <kin, by responding to both noxious { squeeze.
pinch} or non-noxious ( brush) cutanecus stinwli.
Spontaneous discharges (12 Hz + 6 Hz) were recorded
in 8.1 % of newrons (n = 52},
responding to colorectal distension were classified as
excitatory and inhibitory ongs.  The 17 SLA neurons
were exvited at short latency ( <1s) in response to

The neurons

colorectal distension and. following termination of the
distending stimuli. neural activity abruptly returned to
the control levels in <2 3. The 11 SLS neurons were
also excited at short latency ( <1s} in response
colorectal distension,
above base-line activity following termination of the
distension stimulus. The 9 LL neurons were excited at
long latency (5 — 15 s) by colorectal distension, and
the responses were also sustained after termunation of
distending stimuli. returning to the control base-line
about 30 s later. The 15 spontaneously aclive neutons
(Inh?} were inhibited by colorectal distension, and thers
was a slow retum to the control level of spontaneous
activity in 4 — 50 s. The thresholds for inhibition of
most Inh neurons ( 7z = 13} were more than 10.5 kPa
{&—7.5 kPa in the other 2 neurons) .

More than 30 % of both excited and inhibired
neurons by noxious colorectal distension were activated
by microelectrophoretic administration of NMDA. QA,
and KA by 1) — 100 nA. There was no significant

but responses were sustained
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differerice berween SLA, SLS, and LL types of
neurons. More Inh neurons were sensitive to QA than
to NMDA and KA (y*-test. P < 0.05) {Tab 1).
NMDA-, but not QA- or KA-, induced neural
responses were reduced by ejection of APV (10 - 100
nA). DNQX (10~ 100 nA) inhibited QA- and KA-,
but not NMDA-iniduced responses.

Tab 1. Microelectrophoretic administration of NMDA,
QA, and KA (10 - 100 nA) activates excited and
inhibited spinal dorsal horn neurons by noxious
colorectal distension.

Meuron NMDA % QA G KA/ %

Excited 67.6(n=18) 8.4 (a=30) 52.5(#=28}

Inhibited 60 (n=131 86.7(n=131 53.3 (a=12}
The colorectal distension-induced mociceptive

responses were reduced by (35 % x10 %) and (65 %
*14 %) in 69.6 % and 78.3 % (n =23) of the
neurons by microelectrophoretic administration of APV
and DNQX. respectively {Fig 1.

80 T 1
[
60

40

% of Control (spikes)

APY DNOX

Fig 1. Reduction of the colorectal distension-
induced nociceptive respenses in 23 neurons by
microelectrophoretic administration of selective
NMDA receptor antagonist APV and selective non-
NMDA receptor antagonist DNQX (10 - 100 nA) .

T+ 5. ® P<0.05 vs corresponding APV,

There was no significant difference between the
numbers of neurons inhibited by APV and DNQX (-
test, P>0.05); however, the inkibition in the neural
response by DNQX was more potent than that by APV
{r-test, P <0.05). A representative example was
illustrated in Fig 2.

We also found that the nociceptive response was
markedly facilitated by QA, but not NMDA and-or
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Fig 2. Inhibitory effects of APV and DNQX on

colorectal distension-induced nociceptive responses in
a dorsal horn neuron,

KA. in 2 neurons (two SL-A and one SL-S neurons) .
The DNQX partially relieved the inhibitory effects or
shortened the inhibitory time by {30 - 50) % in 3/7
Inh neurons, while the APV failed to relieve the
colorectal distension-induced inhibition.

DISCUSSION

Visceral pain can be a very intense sensation, and
is often associated with chronic disease states.
However, the mechanisms underlying visceral pain are
still poor understood.  Since distension of hollow
viscera is painful in humans, a constant-pressure
distension of the descending colon and rectum was
employed as a model for experimental visceral pain by
Gebhart group!®~ ' With this method, spinal
neurons responsive to colorectal distention have been
characterized as conducting nociceptive information in
the rat and cat.

The present study shows that most spinal dorsal
hom neurons in respomse to moxious colorectal
distension were excited by NNDA and non-NMDA
agonists, and that the colorectal distension-induced
nociceptive responses in the same neurons  were
facilitated and reduced by the EAA agonists and
antagonists, respectively.  These results provide
evidence that the EAA, glutamate and/or aspartate.
may be contributed to the transmission of visceral
afferent information. In the previous smdies, we
demonstrated the involvement of NMDA and non-
NMDA receptors in  mediating transmission of
nociceptive cutaneous and muscular information ® .
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Taken together with the present results, we do believe
an important and universal role of NMDA and non-
NMDA receptors in processing spimal pain messages
originating from various ftissues, including »kin,
muscle. and viscera,

It was noted that our results here showed that there
was a profound difference in the degree of inhibition
between the selective NMDA receptor antagonist APY
and the selective non-NMDA receptor antagonist DNQX
on the nociceptive visceral responses of dorsal hom
neurons, le, the nociceptive responses were teduced
more by DNQX and, to a lesser extend, by APV in
most newrons tested.  This finding indicates that non-
NMDA receptors may play more important roles in
mediating spinal visceral nociception than NMDA
receptors.  This is consistent with the previcus work in
our laborutory'* and Sluka er @l
nociceptive inputs from deep tissues, muscle, and
knee, are mainly mediated by non-NMDA receptors.

that shows
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