EEFSHA A 129 A1%

A 7373%Z 913t o] A X o)A Metabotrophic Glutamate
53 %89 Wskel] D AT

SEELEREE R TR
ol

o
-

]

= Abstract =

The Changes of Metabotrophic Glutamate Receptor Type 5
in Allodynia Induced by Nerve Ligation

Youn-Woo Lee, M.D.

Department of Anesthesiology, Yonsei University College of Medicine, Seoul, Korea

Following peripheral nerve injury, rats will show a tactile allodynia and hyperalgesia. But the mech-
anism of allodynia is still obscure. The present studies, using rats rendered allodynia by loosely con-
strictive ligation of the common sciatic nerve (Bennett Model) and tight ligation of L5 & L6 spinal
nerve (Chung Model), aimed to investigate the changes of metabotrophic glutamate receptor type 5 on
the development of tactile allodynia.

Male Sprague-Dawley rats (130~200 g) were anesthetized with halothane, the rats were randomly
divided into one of these three groups, Group 1 (Sham operation), Group 2 (Bennett model) and Group
3 (Chung model). Seven days after surgical procedure, the animal was reanesthetized and decapitated.
The spinal cord was quickly removed and stored at deep freezer for polymerase chain reaction (RT-PCR).

In Group 2 &3, rats showed that tactile allodynia checked by up-down method with calibrated 8 von
Frey hait. The level of gene expression of mGluR5 mRNA was significantly increased in group 2 and
3. These increases was significantly different from sham operation, group 1. It was also showed that
the increasing patterns of group 2 and 3 in the gene expression were similar correlation with the results
of the threshold for tactile allodynia on von Frey hair test.

Even though there were some differences between Bennett model and Chung model, these results
suggested that mGluRS had partly attributed to making a tactile allodynia from these models.
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2ol SIP Hyuct WS =k o]t Mol
Ao 2% FHEE= vl Bennett Z A6l
E7409LS Mg ¢-2 agonistsErl HgA 7
=roll ¥ EFelltt #-&3lE morphineol] o3
X 85 yhd” Chung 299 0] %2 morphineo]
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M oe]dd F5HS NMDA F84 AgAlel] o)
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ol o]AF HA TR FFo] Ao dx
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Z}Zt Bennett 23 Chung Edlef] oyt tizFo =
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o Xie’s] Wlez ARWFA £FEUS WEd
ot UsE Aol Yol 4% halothaneo 2 vl 4%
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Asl7] f# 2.0 g hair2HE] A zFet=v] 3oukg
€ Yo7l hairoll4] up-down}2] o2 6o =2
74teh. Log2 AlAbE 4#Ee] 870 hairsTHe A&
grt. F cut off level?] HE 04~15.1 go] 5
£ 3lo] 15 go] WAL 04 g uute] 2ol uhe
Hol&= Z%€ °u ol AFE A At o7
Al ol ®E3 A¥E O, X2 715sa 50%Hkg

928 chge] FAlol Wol Aksisic.

wo 1 St o of
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3) EXtMEsty Wiol o8 mGluRs #s &3

A#{AH ¢ F 179 37 A AYFTES halo-
thaneoll 2%t FUwHHE A7 Aoy DFsin
L5 HFZ3 A F Heguz 4°C A2 4
ATE FAVNE ol8std FFHoz g sl
A w2 A Fdste] H4E e A 2
2 HeF 14, 5, 6 LFAFEAE A Baslo]
A&stAl —70°C2] deep freezeroll Hislo] poly-
merase chain reaction (PCR) ¢d-t-o}] A}-8-3}4lc}. PCR
HA & FEsid ohat 2k

(1) RNA9} E2J(RNA isolation)

(© Homogenization; Wz 2328 FAE FHs o]
ojoll w}g} =2 100 mg/RNA zol 2 ml9] v] &2 &
43t ¥ homogenizerE %3-S Ztolll & eppen tube
2 &3

@ RNA extraction; Chloroform-& eppen tubeol] &
o3t AES P9l 1027 $Ach Eppen tubeS
ARZ stod 1527 EET 9L oA 5873 B
A1 Zct o]F 4°CellA] 15E} A4 FeEE sl o
A 229 AEY 45E BeAA olF 500 uE
A tubeol] A}

® RNA precipitation; F-2]9 457 AE3H 5%
9] isopropanolg- tubeol] 7 Wil tubeE AF-Z &}
o] £50] WEEo| 4ol=5F 3 F 4°CollA] 1587
A4 EAZ 94 EeF twbeol] pellete] ¥
A Ag A% F 452 AAARG

@ RNA wash; Pelletol] 500 ul 70% diethyl pyro-
caronate (DEPC) ethanol (EtOH)Z *7}3lal 4°CollA
887 94 E=lA7l ¥ EOHE AAL 1587
AzAZY. 223 oA pelletol] 10 1] DEPC wa-
terg A7}sl3ict

(® Optical density measurement; DEPC water 700
#15 cellel] Yol blank® EFSksln AESL 1 p
RNAo]] 1000 u1 DEPC water2 3|4 A|AA scans}g o).

2% RNAYE WEao] Hikg s5ich

® RNA A&k ol& 260 nmXx 40X 3] Aulje=[] ug/
mlo] FA& o] g3t slglew, 260 nm/280 nm Tk
o] 15 o]4Fo] Hlojo} &4 RNAZH BReho] A
Yol ol-geteAct

(2) Reverse transcriptase polymerase chain reac-
tion (RT-PCR)Q| A|3: RT-PCRY-& metabotrophic
glutamate receptor subunitQ) mGluR52] mRNA expres-
siong 3}7] $lsted AHgsigicl. A RNAE Heldt
2 Monloney murine leukemia virus RT (Perkin Elmer
Cetus, NJ, US.A)E Al-&3}o] first-strand cDNAE 4t
£33 random hexamersE 7}A|AL primeA]FA . BE
PCRH}-2-2 Perkin Elmer PCR kit, AmpliTaq DNA
polymerase, ~L2}31 50 pmol oligonucleotide primers&
o] 85te] 100 wlE o] g3t A|¥e3irt. PCREH
& F 1.5% agarose gels of-&ste] A71QEE 313
o ethidium bromide® ZAslo] PPAL T8 B
o) £ % st
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(3) PCR2O| Al#: mGRSE ZFZA7|7] 9%}y
oligonucleotide primer$} cycling paradigm2 A-8319]
tl. RT-PCRo] &xt ¥ 10XPCR buffer 4 ul, MgCl,
2.4 yl, DEPC water 31.6 plol] primerE PIL(A A
40 pl) Taq polymerase 0.3 pl& U3 ¥, 35 cycle®
amplificationA] 7] 1(95°C 14, 56°C 1%, 72°C 18) wlx)
g2t cycle 72°CE 1087 213 ¥ Ax& A}

mGluR59} W35 ¢7] st A-L-3 oligonucleo-
tide primer#]<go|r}.

o] & upstream (5°—3") downstream (3’—5°)

TCC AAT CTG CAA CGA TGA
CTC CTC CTA CC AGA ACT CTG CG

mGluRS

49 & A
OlAE QX FHX = FFTEFLXNE TA Y
3, BARAL ANOVAZ Fisher's testS o] &38l4
). Pgro] 0.05 ujgtd o} Ao 99 g A
L2 At
E 2
1) O|ZAE ¥

ATellAE o] dFell Y x| Wy} ¢

@ 167

o< 144
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Fig. 1. Time course change of the thresholds for tactile
allodynia. The thresholds for tactile allodynia
were significantly decreased in group 2 (Bennett
model) and group 3 (Chung model). *; p<0.01
vs group 1 (control). *; p<0.05 vs group 3.

F 190 st e Boy ¢ Aol vl
SATA o fger o9 WIE YUk
2714 o] AE(tactile allodynia)?] thEZ<Q ==l
A2 9 3FdlAE 94X ATt AT vlse] ¥
Aoz o9 A AR Ao Uehtip<
0.01). M2L2 A3Loll vleh o] AF A9 i 7
o] =3 F& & 4974 Z4LEHAI ol F 7Y
A5 g AER YA RALE B o W

= 285

4= 185

Fig. 2. Electrophoretic analysis of isolated RNA from
spinal cord. RNA showed two bands at 18S and
28S.

4= 300 bp

45007 =3 Control
4000 Bennett
3500 - Il Chung

3000 1
2500 1
2000
1500 1

1000
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0
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Fig. 3. The gene expressions of mGluR5S mRNA. There
were significantly increased in group 2 (Bennett
model; Be) and group 3 (Chung model; Ch)
comparing to group 1 (control; Co). *; p<0.01
vs group 1 (control). * p<0.05 vs group 2.
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= A3l ws) SA%Hez 9o A Ehchp<
005) A3 ol BE A FLE F¢ F Al
ALY il £ F IUANA 3 g oz
A% e 4UE ASHUTHFg. D).

2) RNAQ| 22[AT

2% RNASY €548 AFs7] fsle el
RNA2| ODE #A4% 77} 260 mmy280 nmu] <] Zkol
161014 1.704}e]2 e} 243 RNAZ 43}
ArhFig. 2).

3) Metabotrophic glutamate receptor2| tH3}

mGluR5S| W A2F3 3FNA HzFell vzt

o olF ¥ Ve EA FUeu(p<oon, AT

A2gell ulste] mGuRsel F7H7h 99 YA ¥
Skeh(p <0.05)(Fig. 3).

oo
2AELS AAANA F 71x e MnE Yo
Atk 2 e dxolAe] A4 SeA 2R
oE FA4 ARASY AN FEATE Rold,
BGE St AfelAel e deA A7
F2E Z771E Aol o] ¥ AR %ee ¥

Metabotrophic

glutamate glutamate
{(ACPD) (N M¢DA)
metabotrophic NMDA
receptor receptor

Pl turnover T
v/ il
Deacylglycerol ey | PKC

IP3

oy E3l F¢ ¥ 43 4uE FAsA
e

AT AFollA e ol iy Be AF 7} o
FolAol we} HgolAe F54 A TE AR
B Ao 2N Fe F 55E F2AEE AR
7b A sHglen gAdes & A¥E da 9
oh!® ey AREY F g o)4% 9 2y
o dside olE B8 dthe A Rz
gor g Filz UHd Heole ZEHES F
8 oyl A AFA EA @eeh”® mEka
olAL g 27437 FAE dolde 5% F
22 43 vy} ot

o] QAFold A4¥ o]AF 2l Bennett®d”
£ 1988udell MEH R BA o)A T Y hzF
o2 A48 Chung2W®%e] 7 Fa3 Xolde
thermal allodynia?} F7} 5|36 tactile allodynia®] A%
7} drbe Aoz o] AYolAx ChungZ=el H|3}
o tactile allodynia®] HE7} ofsiche S HoF
gt eyt o] Aol Bennettit Xle”?} 2y
& Axde Q27 MY e o= s
o9 QA FLYe HoFgt. oot FE AFE
Bemnett 2.2 Chung Z ol thu]ste] thermal 4
tactile allodynia A¥ell o] 48 & Y=F & & 3

lonotrophic
glutamate
AmPay  CNBOXD CENOXD

v
Carel
A plense ——>[CatM] —— >

/m’

L-arginine

(low Ca)

selective AMPA/KA
receptor
on-comp. ‘
Ca++
NOS
NOS* (high Ca)
NO —— guanylate cyclase
\KA methylen blug
cGMP
& PDE

Fig. 4. Schematic drawing for glutamate evoked cascade in hyperalgesia.
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Tbste] AHRATAAE M8kt Yk wela
B4 oulxitel o8t FEAAS FANA Aol

3t Zolm formalin testoll4] 1 7|A-& &z 2

e T

UchFig. 4). S HHEAHQ A4 AFo] o
A YR FAA C-AFol ) AT Ko
A2l AgaA BellA ojE] sA ARG ER]
ol El el 84 oAt = glutamater}) o
EH o]y selo]= FollAl substance P7} ) EH o]
t}. E3] glutamatet= non-NMDA<=£4]2} NMDAS-$-
Aloll #-83lm] 1% WDR neuronol] Za3}:= NMDA
S2A7}t BAREY 2 Wolo] Hu 4
2] kA

oA7lel Bzel otewde HEY + by
NMDA<8-#|7} glutamateol] 2}3l] FA3}=a] Ca™"
£ v/ E ¥t nitric oxide % prostaglanding®] $}HAd o]
QAsiAz 209 5L FIUIBAZ Aiu
W Heloly] Agew oA YA FAL AR
Azl AARTELY el ZRALG ol
23t oteste] ojeho] WDORAZAEANY A7 =
z F2oll iR 4NE YobHozM F

Ny fo ot ofy ot et ok

Z A2agel Wyl dohte Zolm adez
Ersbe et Aot
A7 £ F FEA ofvlxdte] Z7bele A

o} ¥ Z =l ol microdialysisel] 23l FAHoE ¢

z3)
Zol Uehte oz ol AREA o8 2%
%1 formalin testoll ] eRbE EATT v
g FazAe) 9% Adew H49 £ 95P @
A AAEY B ERA obulmAAel o] AE %
Holl 23 AP ekl NMDA Aol o
ol d%ol bl % gleelet 20

Glutamateol] |3t AZARDo| o|BFE LHEEY
Hpolld Fo% 4%E AT glon =4
ol MAYE AAT TS 2 YA
Sh 2 gluamates] A58 Fol e 9
g EyeluA wE A2ER

3 Q] 0 F]&=  ionot-
rophic receptors (iGluRs)9} guanine nucleotide-binding

protein (G protein)# ZAgste] 2GS dodl=
metabotrophic glutamate receptor (mGIuR)el] 2}slo]
e}

Vidnyanszky 5ol elspad #1719) 2<rell A mGluRS
7} laminae 13} -6l ol viebdrla 351} o
mGIiRS7H Fol DAY ARl ofd 2&
dehlicks £ $7b goh ER Schoepps™
# Aol A mGlR 3 A1Fol] e agonist?] (RS)-
AgeA A
X Z3) = (spontaneous nociceptive behaviors; SOB)o)
dehdA sglen, Fisher5702 o]qA
SOB7} A9 mGR Z %Al o-methyl-carboxy-
phenylglycine (MCPG)& Ag3tw Zradcks A&
Bastde &, AT mGuRE glutamated] §-
gzl AAWE $59 246l Aol
= A7zl & AT0IA mGhRse) BHe
e F 59 2 ddoe] Mg Tl vist
of F7kslel &E & F7F Uk el& Vidny-
anszky579] 7HAol o3 FA2A mGuR5e) A%
€ 4] FFot & F A ¥ Hejrt

AP o2 mGRS FEAE A AFNA g
W ek §4% mGhRs MY St gaR
. B dFoA HFARE ARY F A4
mGluR52] Wale] Frkd AL FHTA Al o
2 Aol FRAAALN ARHRA Aol we)
4598 mGuRe 71 2ol olslo] upregula-
tionFlo] HFag dogl7] WEY Aoz AZ4d
t}. FundytusS"e & mGluRS [gGE 4441908 ol
F4 94 AFrelut formalinoll 2]3F Zell i3t 1l
AE7} A A Fgkn sted A9 mGluRe]
BEE A e wddd el 558 =ied
Polshs AL ohleta #i3ich. o] ATl mGluRS
o] Z7kE A B59 9 HAA veEldR
o} tactile allodynia®t foll HEZHog F|aHo| Qe
Aew wolArh Add AZWEA £F BANA
AR Arhe Aol dig WAEA FAAD AE
BoZ Lo #FAPE Asle 8de] AwS o
a7e) A7he Aol W WAEA FH AL
2 2 9lgd o o]: anti-mGluR5 1gGE A-&319]
& o 724" AE RaEgg*? olzidt Bael B
QaFe] AT ol AAeH % ) AT mGhRE
WA B2 el B39 Aol Bl 9l

rlo o rfr

3,5-dihydroxy-phenylglycine-g
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