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NMDA and non-NMDA receptors mediating nociceptive and
non-nociceptive transmission in spinal cord of cat!

SONG Xue—Jun, ZHAO Zhi—Qi

(Shanghai Brain Research Institute. Chinese Academy of Sciences. Shanghai 200031, China)

ABRSTRACT The effects of excitatory amino acid
(EAA) recepior agonists and blockers on the nocicep-
tive and non-nociceptive ttansmission in cat spinal dor-
sal horn neurons were studied. About 80% of neu-
rons were facilitated by iontophoretic injection of EAA
receptor agonists (10— 100 nA Y, such as N-methyl-0-
aspartate (NMDA ), quisqualic acid (QA Y. kzinic acid
{KA). and PL-homocysteic acid (DLH?. The noci-
ceptive responses. irregular spontzneous discharges.
and C afferent induced-response of dorsal horn neuron,
wete reduced by the different EAA receptor blockers
(35 — 150 nA Y, such as O L-Z-amino-5-phosphono-
valerate (APV ), ketamine. §.7-dinltro-quinoxaline-2.
3-dion (DNQX), and kynurenic acld (Kyn). Ket-
amine and Kyn had different effects on the long-lasting
response and the short-lasting response of neurons in-
duced by stimulation of A afferent fiber of the tibial
nerve. The long-lasting response in 8/12 neurons was
reduced by Kyn, but not by ketamine, and the shott-
lasting response was reduced by neither Kyn nor ket-
amine. The DLH-Induced excliations were reduced by
DNQX and. to a less extent, by APV. The results
suggest that both NMDA and non-NMDA receptors
are involved in spinal nociception: the non-nociceptive
information 18 in part mediated by non-NMDA recep-
tors.

KEY WORDS nociceptors; spinal cord; amino acid
receptors; N -methyl-J-aspartate; guisqualic acid;
kalnic acidy I} L-homocysieic acid

In 1960 Curtis ef af first reported that
glutamate (Glu) and aspartate (Asp) excited
spinal neurons,; suggesting that these amino
acids might act as excitatory transmitters in
the central nervous system. In 1980's several
lines of evidence have demonstrated that exci-
tatory amino acids (EAA), Glu and Asp, may
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be involved in transmission of nociceptive in-
formation in the spinal cotd” ™ through inter-
acting with EA A receptors. EAA receptors
include at least two subiypes. NMDA recep-
tors and non-NMDA receptors™. It is gener-
ally accepted that NMDA receptors contribute
to the processing of peripheral nociceptive in-
put in the spinal cord®*~® despite some con-
flicting reports™ ., while non-NM DA receptors

t“. How-

are related to low threshold afferen
ever, whether non-NMDA receptors are in-
volved in mediating nociceptive information is
unclear. The present work was designed to
re-examine the jnvolvement of NMDA and
non-NMDA receptors in nociceptive and non-

nociceptive transmission.
MATERIALS AND METHODS

Experiments were performed on 42 adults cate
(t/%. weighing 2. 545 0. 5 kg, supplied by Experi-
mental Animal Center of Shanghai Brain Research In-
stitute. Chinese Academy of Sclences) anesthetized
with sodium pentobarbital (40 mg « kg~', ip,
initially}. The spinal cord was transected at L.-L:
segmenits. Cats were artificlally ventilated after neu-
romuscular paralysis with gallamine triethiodide (4 mg
* kg "y iv) and end-tidal CO; level was kept at 3. 5-
5. 0%. A slow infuslon pump delivered continuously
both pentobarbiione {(Z2mg « kg~' » h™') and gallamine
(4mg kg~ ' +h~'). Blood pressure and body tem-
peratute were maintained at physiological level. The
Libial nerve was prepared for electric stimulatlon. The
Hring of single neuron In spinal segments of Le-r was
recorded extracellularly through single mlctopipette or
the central barrel (filled with NaCl 4 mol « L™") of 7-
battel micropipettea; The data were collected with a
computet bioelectric signal processing syvstem through
micro-electrode amplifier (MEZ-8201) and storage os-



http://www.cqvip.com

+ 482 « BIBLID '+ ISSN (253-9756

¢ EHHAEE Acto Pharmacdogics Semeca 1993 Novy 14 (6)

cilloscope {(VC-10). The drugs (ketamine; the First
Pharmaceutic Factory of Shanghai; 6, 7-dinltro-quinox-
aline-2, 3-dion (DNQX): Research Biochemicals Inc.
kindly provided by Professor SHEN E; the others from
Sigma) were administered by 3 methods

(1) lontophoresis- Within the outer barrels of 7-
barrel micropipettes contained N-methyl-D -aspartate
(NMDA) 50, quisqualic acid (QA) 5, kainic acid
(KA) 5, DL-homocysteic scid (DLH) 200, DL-2-
amino-5-phosphonovalerate (APV) 50, ketamine 50,
Kynurenie acid (Kyn) 100, or DNQX [ mmei * L4,
Each barref of the micropipettes was filled with NaCi
100 mmol « L™F for currant balance.

(2) Intravenous injection (jv). Ketamine 5 and
10 mg + kg~ iv.

(3) Topical administration on the area of spinal
cord recorded. A small chamber was made with agar
for topical ketamine (50 mmof + L™, 10 pl) and Kyn
(20 mmol » L™, 10 pi).

The locations of neurons were examined by ejec-
tion of 2% potamine sky biue or by reading of the
depth of micropipetie tip indicated on the microdriver.-

RESULTS

Sixty neurons were recorded in laminae
I -V of the dorsal horn.
classified into 3 types: lower threshold neu-
rons (LT . n =21) responded to AP afferent;
wide dynamic range neurons (WDR, a=34)
responded to A and C afferents; high thresh-
ald neurons (HT, a=25) responded to Ad and

These neurons were

C afferents.

EAAs-induced responses Firing of 48
{80%) neurons was increased following ion-
tophoretic application of selective NMDA and
non-NMDA receptors agonists (10— 100 nA),
ie, NMDA (a=6), QA (n=25), KA (a=
32). NMDA-, but not QA- or KA-, induced
excitations were antagonized by iontophoretic
injection of selective NMDA receptor block-
ers, APV and ketamine (10— 100 nA ), but
not by the selective ‘non-NMDA teceptor
blocker DNQX. DNQX (I0—100 nA, n=4)
preferentiglly blocked QA- and KA-, but not
NMDA-, induced excitations. The broad

spectrum EAA receptor blocker Kyn (10—100
nA) inhibited ail the EAA-induced excitations
(Fig 1 A—C). DLH-induced excitations were
all reduced by APV, ketamine., DNQX, and
Kyn. Reduction of DLH-induced excitation
by DNQX was much powerful than that by
APY in 4 neurons tested (Fig 2).

A APY

——

DNQX  Xyn

3} 10 4]
B APY DNQX Ky

0 10 0

c APY  DNQX Em

0 10 e
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Fig 1. Eflecia of EAA receptor blockers on EAA-In-
duced excitations of spinal dorsal horn neurons —firing
rate of neurons in response to eiectrophoretic injeetion
of excitatory amino acida NMDA (40 nA, A}, QA (40
nA, B), and KA (30 nA, ). APV (40 mnA) selec-
tlvely reduced the excitationa of NMDA, but not those
of QA and KA. DNQX (40 nA) seiecitively reduced
the excitatlons of QA and KA, but not those of NM-
DA. Kynurenate (Kyn, 40 nA} reduced the excits-
tions of all 3 agonfata.

Nociceptive response Neurans respond-
ed to electric stimulation of tibial C fiber werse
mainly recorded in laminae W-V . As shown
in Tab 1, in most neurons the nociceptive re-
sponses were reduced about 30— 60% by iv or
topical ketamine, topical Ky¥n and iontophoret-
ic injection of APV, ketamine. DNQX, or

K¥n (Fig 3), while in some neurons the
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Tab L . Eftects of EAA receptors hlockers on the C responses induced by stlmuletion of «blel nerve snd the

irreguler spontancous activities of cats spinal dorsal horn neurons.

tlon; E: Excltation; N: No eftect.

* Number of neurons, T Total; I;: Inhibl-

C response Spontanecus activity
Drugs T 1 E* N T 1 E°*  N-

Ketamine, iv, = 5 28 10 5 13 36 21 6 ]
(mg = kg™") 10 24 17 2 5 36 27 3 6
Ketamine (topical) 23 14 2 7

Kyn (topical ) 18 11 2 5

Ketamine+Kyn {(topical) 14 10 2 2

APV (40— 150 nA) 12 B 1 3 21 12 2 7
Ketamine (40—150 nA) 18 12 3 3 39 24 4 11
DNQX (40—150 nAY 8 5 0 3 8 5 0 3
Kyn (35— 150 nA) 16 12 2 2 33 20 6 7

nociceptive responses were facilitated.-
The A fiber ex-
cited-responses exhibited 2 different patterns:

Low threshold response

short-lasting response (a few spikes lasting 10
—30 ms with a latency of 2— 3 ms) and long-
lasting response (some dozen of spikes lasting
500 — 1000 ms with a latency of 2— 50 ms).
The short-lasting responses in 20 neurons
tested were not reduced by iv ketamine, 5 or
10 mg « kg~ !, topical ketamine and Kyn, and
iontophaoretic injection of APV, ketamine, or

Kyn. In contrast, the long-lasting responses

DLH (40 nA)
APY DNQX
(20 mA) (40nA) (20nA) {40 nA)
T- 0
% 40
0
0 10 20
Time/min
Fig 2. Reductlons of DLH-excltetlon by APV and
DNQX. The DLH-induced excitatlons were reduced

more by lomtophoretic ejection of DNQX {aslectlve
non-NMDA receptor hlocker) than by APV (1clectlve
NM DA receptor blocker).

of most neurons ¢8/12) were reduced by 55+
16% following topical Kyn, but not ket-

amine.
APV K-unum DNQX
301
T
T 20
3 N l l l l
o
Fig 3. Ettects of EAA receptor blockers on C re-

sponse of a spinel dorsal horn neuron exclted by scimu-
Latlon of C stflerent flher of tibial nerve. The C re-
sponses were reduced by lontopboretic injection (44
nA). ketamine. DNQX, or kymurenate (Kyn).

Spontaneous discharges Spontaneous
discharges in 64 neurons were recorded in lam-
inae 1-VI. The 2 patterns of spontaneous
discharges were found; the regular activities
with thythmic discharges at 20— 50 Hz, and
the irregular spontaneous ones mainly in lam-
inae 1 and V with burst of spikes at 4—12
Hz. The irregular discharges. but not the
regular discharges, were inhibited by ion-
tophoretic injection of APV, ketamine, Kyn
or DNQX, and iv ketamine 5 or 10 mg * kg™"
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in most neurons (37/52) (Tab 1). In some
neurcns (6/37), the irregular discharges were
almost abolished by the EAA receptor block-
er. The regular discharges of neurons (z =
12Y tested were not affected by the EAA re-

ceptor blogker.
e
DISCUSSION

It has been considered that non-NMDA
and NMDA receptors mediate spinal non-noci-
ceptive and nociceptive transmission. respec-

(2457, In previous study, we found

tively
that non-NMDA receptors are invelved in me-
diating transmission of muscular nociceptive
information, while cutaneous nociceptive in-
formation was mediated by NMDA receptors
in the spinal cord”, suggesting involvement
of both non-NMDA and NMDA recepteors in
spinal nociception. The present findings that
both non-NMDA and NMDA receptors ago-
nists or blockers excited or inhibited nocicep-
tive neurons further support above notion.
Consistent with our resuit. liR »S¥-a-amino-
3 -hydroxy-5 -methylisoxazole- 4 -propionate
{AMPA), a non-NMDA receptor agonist . fa-
cilitated the nocieeptive response in rat™.

It merits our attention that the irregular
spontaneous discharges of spinal dorsal horn
neurons in laminae I and V were reduced by
non-NMDA and NMDA receptors blockers.
The reduction of irregular spontaneous dis-
charge may be related to spinal antinocicep-
tion. Chang reported that irregular sponta-
neous discharges in parafascicularis neurons of
thalamus were abolished by iv morphine and
markedly reduced by procaine infusion of the
wound ., suggesting that these discharges were
attributed to the tissue injuries by surgery™®.

D L-hemocysteic acid (DLH) is a common
tool to excite central neurons in electrophysi-
ological study. But its potency of affinity to
subtypes of EAA receptors is still unclear.

In the present experiments , the effects of non-
NMDA and NMDA receptors blockers on
DLH-induced excitation were compared.
Non-NMDA and NMDA receptots blockers
reduced DLH-induced excitations by 85% and
46% , respectively. indicating that DLH main-
ly acts on non-NMDA receptors. at least. in
the spinal cord.

In agreement with previous studies that
the menosynaptic excitation of the low thresh-
old neurecn in the spinal cord is readily attenu-
ated by non-NMDA receptors blockers™”,
long-lasting response of low thresheld neurons
related to non-nociceptive information was re-
duced by the broad spectrum EAA receptors
blocker kynurenic acid (Kyn), but not by the
selective NMDA receptors blocker ketan{ine,
suggesting that non-NMDA receptor, not
NMDA receptor. may be involved in mediat-
ing the low threshold long-lasting response.
The neurons recorded in present study were
mainly located in laminae N-VY where large

myelinated afferent fibres are terminated. So .

they may receive A fibre afferents monosynap-
tically-

The present studies suggest that bpth
NMDA and non-NMDA receptors are involved
in spinal nociception; the non-nociceptive in-
formation is in part mediated by non-NMDA
DLH is a bread spectrum EAA re-
ceptors agonist,. but it mainly acts on nen-
NMDA receptots.

receptors.
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Midazolam pharmacokinetics and electroencephalographic changes in
eight Chinese men'’

LU Jian—Feng, WU Mao—Fu, CHEN Gang. XIANG Bing —Ren®, AN Deng —Kui®
(Department of Clinical Pharmacy of Jinting Hospital, Nanjing 210002, Chinay ® Department of
Pharmaceutical Analyns, Chineg Pharmaceutical U niversily , Nanjing 210002, Chiza)

ABSTRACT Eight Chinese healthy male volunteers
aged 2743 4 a were injected Iv midazolam (Mid) 15
mg- Blood samples were collected at 0, 2, 5, 7. 10,
20, 30, 45, 60, 90, 120, 180, and 240 min. A HPLC
method was catablished for determining the Mid con-
centrations in serum- The concentration-time data
was fitted with blexponential curve. Pharmacckinetic
=6 8+2. 5 min. T.§.5=113:I:2?
min, F,=254+7 L, Cf=3934+79 ml « min~*, 7y, =59
13 L, AUC_..=239.6+8.6g * min « L™ The

parameters were: T
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electroencephalegram (EEG )} showed a decrease in a
activity and an increase in g activity. The EEG pat-
tern reveried toward baseline after 2—3 h.

Pharmacokinetic and EEG findings suggest that
Mid is a preferable anesthesiz inducing agent.

KEY WORDS midazolam; pharmacokinetics: high
pressure Higuid chramatograph:}; electroen-
cephalography

Midazolam (Mid) is used in anesthesia for
premedication. induction of anesthesia, and
intraoperative hypnosis®?. But there has
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