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The Involvement of Protein kinase C in Glutamate-Mediated
Nociceptive Response at the Spinal Cord of Rats
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Abstract— When glutamate was injected intrathecally, the result is similar to those produced by TPA in-
Jjected. The involvement of protein kinase C (PKC) in the nociceptive responses in rat dorsal horn neu-
rons of lumbar spinal cord was studied. In test with formalin, a PKC inhibitor (chelerythrine) inhibited
dose-dependently the formalin-induced behavior response. Neomycin also inhibited it significantly.
But, a PKC activator (12-O-tetradecanoylphorbol-13-ester, TPA) showed reverse effect. When gluata-
mate was injected intrathecally. we observed the result is smilar to those produced by TPA injection.
On the other hand, intrathecal injection of glutamate induced thermal and mechanical hyperalgesia.
In Tailflick test. we examined the involvement of PKC on the glutamate-indeced thermal hyperalgesia.
Chelerythrine showed an inhibitory effect and TPA enhanced thermal response. Glutamate decreased
the mechanical threshold significantly. A pretreatment of chelerythrine and neomycin inhibited gli-
tamate-induced mechanical hyperalgesia. but the effect of neomycin was not significant. TPA had little
effect on the mechanical nociceptive response. These results suggest that the PKC activation through
metabotropic receptor at postsynaptic region of spinal cord dorsal hom neurons may influence on the
persistent nociception produced by chemical stimulation with formalin, thermal and mechanical hy-
peralgesia induced by glutamate.

Keywords [ ] PKC, 12-O-tetradecanoylphorbol-13-ester (TPA). nociceptive responses, glutamate, hy-
peralgesia.
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Fig 1— A possible mechanism by which glutamate leads
to central sensitization of spinal cord dorsal horn
neurons. A high level of neural acitivity induced
by peripheral injury, such as formalin injury
stimulates a release of glutamate from dorsal
horn neurons. PKC: protein kinase C. NMDA;
N-methyl-D-aspartate, AMPA: amino-3-hydroxy-
5-methyl-4-isoxazole propionic acid, PLC: phos-
pholipase C, PIP,; phosphatidyl inositol bis phos-
phate, NMDA.: N-methyl-D-aspartate, DAG: di-
acylglycerol: IPs:  inositol-3-phosphate, Ca/CaM
PK: calcium/calmodulin protein kinase.
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tracellular messengersell thdt A7} &= a1 e
o], H2 o]Ag formalinol &3 ¥-3-o] EAAs 2]
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receptors®] desensitization, open—channel prob-
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Hod=dl, ol PKColl 93 dhilkste)] ola) NM-
DA channel opening?| #8°] ¥ol3 i, NMDA re-
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A PKC activity't= NMDA7} 9.07)&= MZu Ca*' %
7hol P28 3 submaximal effect concentrationsel]
2] NMDAS] vk Zairzicka & 4= givt. & 3}
e] 7P 2%, nitric oxide synthase(NOS)& 8443}
AA 2 Axz F2" NO7F post-2F presynaptic
process B5o JE Frhe Aotk ® o714 NM-
DAY= PKCl| 9&& 02 NOSE Ag3 o2 223t}
= Apdo] genh® w3 42" NO9 &4d3le
PKCell ¢l&] oA fzizkee] ddo] Frtdtke
F24% i (Fig. 2). PKC activation®] GABAS-&)
2 A sh= 71AY wg g}l 9§ dorsal horn
neurons9} WA F7HE AW & & dot =F
PKC &4 =47} sensory neuron® presynaptic
terminalsell 419} AAAGEZ ] K& F7HAA
neuronal sensitization(hyperalgesia)& Yo7Ith=
2aVE glov}, PKCell 93 EAAs fr8] $7Hs 44l
Aol Ao = vk AT}

ojef] B AFE YolA9 A /K] AFRIER 1|
Fo] Hol PKC7} #4419 nociceptive signal
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1P,

Fig 2—Model of varicus described alternatives in-
volved in the neuronal plasticity regulated by
PKC activation. PKC: protein kinase C, NOS:
nitric oxide synthase, NMDA: N-methyl-D-as-
partate, PLC: phospholipase C, NMDA: DAG:
diacylglycerol: IP;: inositol-3-phosphate, GTP:
guanine triphosphate.
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Fig 3— Nociceptive responses induced by 2.5% formalin
injection in rats preteated with it. saline, che-
lerythrine (107, 107" M), neomycin (20 mg). n=6
for each group. Significant differences from saline
group (*p0.05. **p<0.01). SAL: saline, CHE:
chelerythrine, NEO: neomycin.
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P7F A6l f2l=5 9] glutamate?t €271 neuro-
1t AL A5 24709 o
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Fig 4— Nociceptive responses induced by 2.5% formalin
injection in rats preteated with it. saline., 1%
DMSO. 12-O-tetradecanoylphorbol-13-ester (100
ng), glutamate (40 mg). n=6 for each group. Sig-
nificant differences from saline group (*p<0.05, **
p<0.01). DMSO:dimethylsufoxide, TPA: 12-O-te-
tradecanoylphorbol-13-ester; GLU: glutamate.

PLC «AAE3 PKC AAAE M) & #23 for-
malin testollA nociceptive behaviour response”}
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FYT T 10% F9 PKC 489! 12-O-tetrade-
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ol 1 A4S vt th(Fig. 4). Glutamate:
salinex 279 Whg-& 2%olA FYAUA FHAA
31, TPA HA| glutamates} FAFSE 228 JERATH
)Rl FRI3F glutamated] WH$-3 TPAS] wHg-o]
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PKCE 843 A 248 Jeldth= AH, & NM-
DA receptor®] ¥-3-o] PKCE&A 3 28] 73t
Ao| ZHH o g FHETE E o]E9] formaling
24 HEENke Mg o2 Z0AI7] Ao g n|Ro} Kol
glutamate”l vwi7WSH=  persistent nociceptionol]
PKC7} #98g AN 5 ANtk A, o7)A
vehicleZ AFEEF 1% DMSOE 249] Fukie] ukg-&
ofF Zh2ATIE RO Yeht o), o1& vehicleZ A}
£¢ TPAE DMSO9 9g& wiAlgchd 919 for-
maline] =31 vH8-8 TS T2 Aoz Azg
t}. o] glutamate’s PKC BASHA| R 2H43h= AS
o] IP, system® voltage-gated Ca’* channel& E%
Ca” influxE AF2gHo 24 dojuh= AEY Ca’ 5%
‘457 PKC @430l 2 o)&st= Aoz duiA 9l
th= 2 2%s} B|43he e 44 dATh

B

&|%=9| Subarachnoid spacelLf£ 505} glutamate
7} eS7|= hyperalgesia0f] 210{A{2] PKCE

2 F0{El 20l glutamate®| hyperal-
gesic effects — 24710 2 glutamate(40 pg)S Fof
stH, Fo 2% g2 A7HES hyperalgesiaZl dojut
=4l o] #4549 dorsal hornoll ZZAE27} E438}
w I£ o] 7]¢)) glutamate receptor’} EXHo| 7] o
Folr} ™ Glutamate?] &¥H= Tail-flick testollA]
Fa A, 0, 5,10, 15, 30%9, Paw pressure test
T4, 5, 10, 30% Foll 47 Ag& A3yt 1
AlAl % MPEZEe] ®¥8lE Table [ YeRI AT
Tail-flick testE 53 thermal nociceptive testol| A
= FAF o 158 Fol Hof 98-8 eI, me-
chanical nociceptive thresholdi= 30% %o H2

o rr orr o

Table I — Hyperalgesic effect of intrathecally administered glutamate (40 mg) in Tailflick (TF) test and Paw pres-

% MPE
Time TF PP Saline Glutamate
(min)
Saline Glutamate Saline Glutamate
0 0.00 0.00 0.00 0.00
5 -5.95+0.32 -6.57+0.51 0.32+0.05 -14.94+0.62
10 -11.95+0.91 —22.09+1.52 0.32+0.05 —14.94%0.62
15 -2.88+0.14 -37.361.777
30 2.29+0.11 —8.16+0.37 0.46+0.02 -25.98+1.207

Minus values are expression of recessed antinociceptive effect from i.t. administration. %MPE : Percent max-
imal possible effect, which can not show analgesic rate but effect of substances to tested group. %#MPE = (test la-
tency-control latency)/(cut off time latency-control latency)x100. a : Indication of maximally induced no-

ciception time after glutamate (40 mg) injection.
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#adke A& B 4 YT ofdl Table Io YvER Y 3L
= uke) 2ol H47hE FYE glutamatet ther-
mal stimuli®} mechanical stimuli) th3l A3 <]
nociceptive threshold® & tf ZAAIAAY me-
chanical nociceptive response XU}= thermal
responsed] B 2 938 F=+= A o7 vhedrh Glu-
tamate”} mechanical nociceptive response®th=
thermal responsed] ¥ &2 9% F++= AL 744
2 AL A= primary afferent fiber7} th2ch
= Aol x AR, Ha Pl ARl B-xsla glo
o]Z wj7§&}= glutamate receptor® selectivity<t
activity®] zte] & F5 283 NMDA receptor7t
thermal hyperalgesiag& vi7)8l= %8, mechan-
ical hyperalgesias= non-NMDA®} metabotropic
receptorell 9J8] Yol Hojek= Hel Fg
7 o= Jx dRJF= AolgnE B & o}, o]
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Fig 5— Dosedependent effect of chelerythrine (107 1077
M) on thermal Tail flick latencies induced by glu-
tamate (40 mg). n=6 for each group. * Significan-
tly different from saline (p<0.01). **Significantly dif-
ferent from glutamate alone (p<0.01). SAL: saline,
CHE: chelerythrine, GLU: glutamat.
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Fig 6 — Effect of 12-O-tetradecanoylphorbol-13-ester (100
ng) on the thermal hyperalgesia produced by glu-
tamate (40 mg). n="6 for each group. * Significan-
tly different from saline (p<0.01). ™ Significantly
different from glutamate alone (p<0.01). SAL: sa-
line, TPA: 12-O-tetradecanoylphorbol-13-ester,
GLU; glutamate, DMSO. dimethylsufoxide.
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