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ARMAICBWTHZICRII LTV, S5I2Y TP 4 A%ERERT-PCRELICBW TSRS HRICI DS
Bt NKCC1 oRB =R E KCC2 DRI ERHALZRD 2.

KRG X D HFMEACL P T VP AKR—F —FHEPZT 52 L X o THIKMA CL T iREEDBm L,
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LM E NIz, Cl R AF R Y ¥ ZADZALIZ & 5 GABA FFFEVERIHIVE > 5 7" A O 1RG5 25w B SR e 12
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R R N OFE 2 D £ F VIR BE O RESIIZAL
WCED A F BIRIREAR 2R L, MDA £~
Fx RWIA F VEREFESE, FOERAMNETICL
DY FTAMEERIT) EEZLNTWSY, ik s
AYEME 7 TEHLEL 2 47 5 bbb O CldmEsile o 4
FURAFT AT =T AIWOBERIBO CEETH 5.

RIS BV T b EE IR EME TH
5y 73 /MR (GABA) 12X A155%12 GABA, 24k
-Cl ™ F % 2 VI & 5 BXALFARNINE - 7 THE & 21
THED, HEHMBNA~D Cl - DAL X 5RO
WY F T ACBITE2HHMRED 2L L TnE EER
SNTWwaY. YT RICBIT 5 ESHIE, MEN ClL-
wE ([CL7]) MR E 0 2% DK ROUEDD

i

P 264E11 34 H2 ), PR 264F 11 1 26 H 28
RIRERG - WA
T 321-0293 AL THRAE AR A T JL vk 880
B R AE BRI R 7

5. INHDAF VIREOHEIO20, MBI
MRS 2 & M~ CL ™ 2 ESPEHR A O CL ™ b5 v AR
—% — (K "-Cl ~ cotransporter, KCC2) &, #iZHifast
P HMBEAIZ CL 2B AARBOClL™ T AKR—
% —(Na"’, K "-2Cl  contransporter, NKCC1) #{£7fE
L, [CITlioFxAF AT Y A%HMFEL TW5D. Blaesse
S5IZCL MG VAR=F =12 DHIHIENS Cl R A F
A5 Y ADOEALHMEEE HZ BT 5 GABA 1EH o Bl
BIOHBORES 217> TCWDLERELLZClL RAF S
1F3I7 AFERREL TS

HREIZB T 5 GABA DR F VRS S E~ O B G-
EUHEIZ S SN T WA, GABA SBEROEHLIZL D
Pt EVESRATRES L7z & W) HiEA'd ), GABAE
Bk > F T RREDEZAL AR R E P FE DR O
DEDLLTHEZLNRTWDY, ik B 12
IO KCC2HF I L Fal—TardEgZh, FoZ
EIZE 5 TGABA WL BV F 7 AWHIRETAH 2 &
PRENTVEY, ZOEICCl RAF A Y ADE
fBIZ & % GABA %A L 7230 2 F 7 X D5 3 phifE
BEEEETEFIEDIRE TH S Z LAIRBEINT W5,
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AWFFETIE, MREEEENIC XL > THERE SN Fil
BAIGIE Y F 7 2MEOZLEH S 22T 5 HIWT,
Seltzer #: % W TEE S M- Mk EEWKm\ T 7V O
BREA T4 ABARLZ REBMEZEORETY ML, Z08%,
JRFEMA A=Y Y 7EEICE ) GABAERTICBIT2H
HHRAOBAMOEALZ BILE L. S 512 GABA fEEE:
VF T AMEEDEALE Cl R AT AT Y ADOBZRES
MPIZTB2OIIZ, VT IVT A4 AERRT-PCREEZHWT
MR BV RE < 7 A OBFBBM BT 5 NKCC1
B LU KCC2 3Bl 02k % 5 L 7-.

h &

AT B IR EF R B EBR T B R OKE G TIT
bhi:.

L ¥ =&

A% 3-4H o ICR Mt~ A2 L7z (20-30g).
FEEOWREEMZ 128 E L, 5 TOEBRIZIH
AT o 7. T2, RGEEEICERTE S L)L,

2. HREEEMAERBETT IVOMER

<y ATt Yy O A & DA BT E AT L, R
BRBEITE LT Seltzer #:02 & 5 A AR MR BB A 28 % 47
572" FaHEEE (sham FAEE) 12K L Claa & il
TIAEMBEOBRLOAZITo 7. £724%7HHE I von
Frey Bz 17T\, BRI ZE 10 BNz, Z4iss
5 HMATE AR L7z EIG 2 E L, MOREEEICOWT
THT AT ORIEZERL 72

3. REMA XA - JICL2MEINY FTIERD
Bz

1) HHA T A AREAROMER

R AR D T H B2 7 3 ¥ 100 me/kg & &
¥ 7Y 10mg/kg DIENENEGIC X 5 &R MM TICY
7 ADMESYIBR ATV, B RE L fER L -EE
15 512 95%0,, 5%C0, TRIAI L7 4C oK 7 LT
A (R : NaCl, 113mM ; KCI, 3mM ; NaHCO,, 25
mM ; NaH,PO,, 1mM ; CaCl,, 2mM ; MgCl,, 1mM ;
D-glucose, 11mM ; pH : 7.4) IZ&EEL, A7 % —
(Microslicer”, DSK. Japan) Z M\ T/E X 450 um O
FHIA T A AEARZER L 7.

2) BEMEZEBRICL 5 0

5%C0,/95%0, # /X7 ) Y 7 LTWwhb T LT A%
BELERLS, BHAS A Z228EL72EZ 13mm
DAYT T TANE =X, 30 5 HEHE L%, I

B RZEBETH S di-4-ANEPPS (5mM) 40ul 12
7 L7 A 480 ul & Fetal bovine serum 480 ul % il 2.
72b D% 100l T F L, 15~20 5 M C g
L7zob, Rz ikdl/.

3) MiCAM2 2 & % JREME/L O BIER

AT A AR EZRETF ¥ v N—IZEHE L, Mi
CAMO2 B X U CCD 71 A F & M\ 7z @l g 3 C,
FHBAIB D EEMELOFM 2T 572, 2 LT A
WIZIETF ra P by > (0.3uM) 2Nz 52 & Tifs)
WAL Z W L7z, & o6 2 G 30 ##%, GABA
100 uM % 90 FHIMIHETE L, BHEM%MICBI) 2 80tmEA
L% Rl 480 FIALER L, A ko dtimEE{bo Ty
IO TR R Bk B L O O 4 THE
L7,

4. Y7ILA 41 L RT-PCR &

V7 NV% A4 ART-PCREIZE D, NKCC1B L T
KCC2 DHEBEDERZ T o 72, HiEER 1 EMEICAR
F RS G R OB MO BB AL ML, 7
AUV EHCTHERMEM LY NKCCl1mRNAB L
KCC2mRNA Z#Hii L7z, 2D, 55754 <—
ZHWCTHEE L EZITVY, cDNAZGH LA 20
c¢DNA % 5 TagMan probe i\ C, NKCC1 B & O
KCC2oZEHmxER L, FHliL7. €EIIFHEHKE~Y
ADEIG KHOBFEMEAZ I bu—)Le L, N7 A
F—VErrY—r & LTGAPDH ZH\w, 2 912X
o> CHEBER L7

5. WEEtEEMR

ETOMRITTIHM + FEEERETRL, WL BE
FFEER R ZERE IS BT B /i DR A O HOLIREZAL D L
BIZIE ZoRLE 558 ATk (two-way analysis of vari-
ance : two-way ANOVA) 2w/, F-HHEOLHEIL
BMEIC I Tukey #2720 HEHLBELEAEN Y 7 b
SPSS i L, #athoA BAK#I1X P<0.05 & L7z,

7w R

BERGA XA - JEICKIBE

B A A — Y ¥ ZEIC L B GABA BERHR O R 2 X 1
RS, NHEEO A TIE GABA BEWIC X 2 806REL
LB G ZEERD Lh ol —J5, AR
AR T AZB W THEMNOBA CTIIHEEOMINCE &
AR D (P<0.05), LFMHESRGREEICED, [
HIERELMAIZB 5 GABA #ERIC X h Bl S 585
ARG L T B DRFER L2, & HICHBEEOFHE
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fEHBLTH GABA IZX B0 AsHEICmA LT
WA I ERMER LT (P<0.05) CetHERE :n=5, KE4aRE
n=9).

U7V a1 LEE RT-PCR &

VTNV A LR RT-PCREEOHERZK 21RT. 4
TR BT 2 FiifA A NKCC1 J8Blm 130
WREE L LEBEI L Tz (P<0.05). —7JF, RE&#cs
F % KCC2 FHHE TR L A LT (P
0.05) (NKCC1:n=9, KCC2:n=8).

Z =

MRERE BV IC X > THBICB T 5 GABA R8Tt
VI T ABEIIEALRZ B Z LRSS L TWw»
%. Castro-Lopes 5 OHFFETIZ, MM 2 8 [ %
W% M1 B 5 GABA S 2R Bs e Boasii A L
PEWESNTWAY . KB TIE, ARl 2k
FEHOFREE A BT, OB L O RO %A L
gL CHESmATRIS L TWwW5b Z RSN, GABA
OB AR LT\, 2o &iE, Castro-

1.90%

1 BEEAMNA A=Y v 7rdxE vz GABA #Ei
T B 2 H s A RO BlEE

1A 13 GABA#EFE FIC BT A0t EHE L RSO
BHBABRENLEILDA X =Y v T ERT. IR
(/) TIX GABA BV X A H0OGIREZALIC AL 2
e ho7zhs, WM () TR dps) @
FOETERIEZAL A (Contra) [CHLTHEILTH
D, BRI L TW K1BR&EEMICBT
HHLEEELZ MR L7 RTH 5. AHEEEICE
B EAEERE A EES ko, —, #%k
TR OB CHMENAEICHIY L TBY, &
RO &R (FP<0.05).

Relative expression level

NKCC1 kcec2
®2 ##HYT7NVYA2LRT-PCR Ok
FRiMIZBIT A NKCCl BLOKCC2HBHENEAL %
RY. FNEHICBILAZ N VAR—Y =R Z R
L 7= R oM s B3, NKCCLIZaZcwmL ¢
P<0.05), KCC2ZABZIZHHAL LTz (FP<0.05).

Lopes & DMFZEAERICFE LRV, S 5240, FEEd
DB OPIEHNE O = H R IR E 2 W RE I 5 R AL A
A=V U TR ToZ Ik, REMELE LI
GABA TER O W55 %2 HLE W ICHER T 5 2 L 2SI RETH
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572, F72 Eaton 5257 o 72038 CTlX, RAApIEL 3
H# & 0 1:EM%E $ THEM%A GABA BrEMIE O Bohsi
TP LI 72 E G LT a7, ARFETIRAE
MREER G E 7 HIRICE 217V, FEFEERN & 3 iR o
BB LRI BEBBR L A HESE IR o
720 L KRR AR SRR RN A A =Y v 7IC &
BB RAIT AT BEMITB VT DH GABA 12 X 58455
OISR T A e H 5. S HITHFMIZBNT

I7u ) 7HRORHkMEE KRR F (BDNF) OfF
RS2 X ) GABA OMIEIEH SIS T 5 2 L AVRE
NTHBY, MEEENERESEORTFOVLEDEEZD
NTW2Y, KBRS HBEDS  ORFFEICB VT, fi
BHEEIC L D FR SN L FMEA GABAEEIMES F7
AARE D PG AIFERE E A O FAE IS G L T b
EEZRLTWA,

MR ENEREZRET L L, 7TUT 4 =T RHEH
B, WEMOBRMEREST S, TG TENIL D
—fTHAHCCL21 R Iz u ) 7ML, [Cl ]i%
ZALERTVD EEZ SN TS, e S
EFIVT vy T, 7074 = 7 RBEOBREILICHE
LTIzuz ) 7oA RICE LT 5 L FbhTn
5 F 7 KRR OB ITIEE LT BB
(DRG) =z2—u rOMIENTIX, 7YEHIAL Y O—FT
5 CCL21 ApEA &, 845 24 R 1T B B A1
FELEEIILI 2 a7y 7I/EH LT P2X4 2R
(ATP ZBEROY 75 4 TD—2) O@RHBIEHET
23 ATP ASEFIFEBL L 72 P2X4 2R K% RIS 5 &
WAL I 21270 7 5 Sk kAR5 K T (BDNF)
A &, BDNF 3 HFMBALE O R=2—1 ~
2 &, KCC2 0FEH 23z 2", Zofk%, [C17 ]
MEED, BAF T 28BS 7
M A, ZORMTTIR, MRIMECLYAE=2—1
BB EN GABA DA TCL ™ F v A VHEH <
&, Cl A4 F iddiiaih o filn~mt L, =2—0o
IRBIT 2. 2RI X o TR <
R E GABA O k= 2 — 1 Y ~OEH A EAE 1224k
T 5. ZTORE, MMAEAE AT 0T 4 =T IKREE
FETHEEZLONTWS. ES5IIABIETIRY) 7V 5
£ 1 5E R RT-PCR #:12 T NKCC1 @Bl & KCC2 D
BBV DHERENT:. ThODOFICX Y, FHitkA
—a2—arvDCl FAFAY TV AEEEE, GABAD
PIHIEVEH %2 9858 S8 5 2 & SR E AR O EIK &
ZrAONA.

FEZFITL Y KCC2 DRBAHH S5 & &1k DLl
IDIMEINTV S, MRREEKHT T VEIWZ T T
%<, FEENM OB B VT H NKCC1 25 KCC2

IDEMICEH X, [ClliELL#HRINTVED
GABA fEE)ME Cl ™ F ¥ 2 VAR % &, Bise (%
fRA) 2B EEbhTwa. 5y MERIEET L
ZHWWE T, 18MESEIC & ) NKCCI 3 & i1x 3
L Twz2s, KCC2 HBLIZAMY TIZmA L, Bt
THEBAICEFELAVICRERS 2 EHELTWE. %
72 KRG AEIRGS1Z X D DRG 1281 % NKCC1 o
L OHFHICHBIT 5 KCC2 D@ sh, Zhoo b
T v AR—=F —FHOEALD, AR AY T 25 LA
T H B HIROHIMUEMAEE (VPL) A& B
(S 2B ArHENEEILEZ L 0T EMAHHINT
W2 BRI TR & ) B GABA B X O
KCC2 5Bl BILE L -0 7e Cld, #R4BBE S 3 H T
KCC2BUIZ D & %o 7245, 4845 16 H #1213 KCC2
FHMPWA LTz, Iz T, GABA EEMIHEE 3
HBETIHMET L TW2A%16 HZE TSI L 72 & 3
HLTw3Y. Zof%ETld GABA £ KCC2D 250
K FDZEALABE S 2 L2 X 1) ARk S O FSIE
BLUETIZES LTV AT REEERLTWD. KI5
TIIHEMBEAICBITS KCC2ORBEBP DAL 5T
NKCC1 OFBIEM D MRS TEETH Y, 5D b5
YAR=F —FHEOELIZL Y GABA %4 L7230
Wy F T AEENRIENEEZONL. TNHOH
mErDd, GABABLUCl FAF+RY Y AICME LT
W3 T Y AKR—=F —HHPIRARERIC BT B MR 2L
ZH726 L, MEREEERBIEORFOMED L5
TwhtEZONS.

FIRH T H 5 bumetanide 75 NKCC1 #fHET S 2 &
ZHEHL, [Cl7Ji #16F &4 T GABA 75 % BEEAH
SIHIMEICE L XA ST TILiTbh T 532,
COMEEFIAT S 2 & THRER SRR OBRHIZ LIS
HATXATREENH 5. EE, Ty bEHVWAETIE
MREERIEM 2 FERLSEL T M5 N T WS pacli-
taxel %512 K 5 7 95 4 = 7 ZAEZ bumetanide 12 X %
NKCC1 FHERERE o 7= 2 LG sShTwa?, 4
HBESICGABA £ Cl R AF R ¥ ZADBURIZOWT
Z < O FHMRIERAERQ CEEICKR Z 17TV,
GABA, ZBAK-Cl ™ F v 2 WVIHEH T B A D BAFEIC &
0, MR EERIERENOA RSN Z 8
WiFEs 5.

=

AWFFETIL, AR EEEREIC L - TRZ 2 HMEA
T GABA #FH5TE M 58 0 3855 B X ORI B85 A
FHIMIC B2 Cl b5 > AK— % — NKCC1 OFHH
M, KCC2DIHBBAI B L. Cl RAFT AT VR

B
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The Effect of Peripheral Nerve Injury on GABAergic Inhibitory Synaptic

Transmission in the Spinal Cord Dorsal Horn

Yuuki Numata

Department of Anesthesiology, Dokkyo Medical University

To clarify the influence of the depression of the spinal
GABAergic inhibitory synaptic transmission on develop-
ment of neuropathic pain, we observed optical imaging of
hyperpolarization produced by GABA in the spinal cord
dorsal horn using voltage-sensitive dye. Furthermore, the
expression of NKCC1 (Na-K-Cl cotransporter) and KCC2
(K-Cl cotransporter) in mouse spinal cord dorsal horn was
analyzed by quantitative real-time RT-PCR method. The
sciatic nerve partial ligation was performed in 6 to 8 weeks
male ICR mice, according to Seltzer’s method under halo-
thane anesthesia. The spinal cord slices were prepared one
week after ligation, and incubated for 20 min with a di-
4-ANEPPS to use optical imaging. After rinsing, the slices
were placed into the recording chamber on the microscope
stage and perfused by Krebs’ solution with tetrodotoxin,
continuously. Fluorescent changes of di-4-ANEPPS in the

spinal cord dorsal horn were measured using MiCAMO02Z.

During the recording, GABA (100 uM) was perfused for
90 sec. The visualized hyperpolarization at the spinal cord
dorsal horn in ipsilateral side by the perfusion of GABA
was attenuated in ligated mouse. However, this phenome-
non was not observed at contralateral side in ligated mouse,
and in sham-operated mouse. Furthermore, the expression
of NKCC1 was increased and KCC2 was decreased in the
spinal dorsal horn after sciatic nerve ligation. These find-
ings suggest that nerve injury may lead to the up-regula-
tion of NKCC1 and down-regulation of KCC2 in the spinal
dorsal horn and increase of intracellular Cl = concentration,
consequently. As a result of increase of intracellular CI
hyperpolarization produced by GABA was alleviated. Inhi-
bition of hyperpolarization due to homeostatic changes of
Cl ™ in the dorsal horn neuron may have a pivotal role for

development of neuropathic pain.



