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75 C, NI B 1 B A AT S BONAT D AED T %, 4l T ehieki%k (segmental
spinal nerve ligation; SNL) & 7 L& f\~, flBITOC X 598 A 35 76N 0 BTS2, piegilys
&R e {5y (activity-induced manganese-enhanced MRI; AIM MRI) @ CTHHI$ % 2 &
HME L7
(x5 - J5vk] Mtk Sprague-Dawley 5 » b (n=14) % SNL#f (n=9) & sham&f (n
=5) hritic. SNLEFIEEE S, 26 6 Ffiriit 2 Ai4k L, BHKMeT v 2R L. =
FALERE 1~ 2 AR AIM MR 250 L, B4ECTE iR 2 TS L.
(RS - B MIBIC X 2MADHERIT L - T, 2 RIFMRITE I L OUKMILEE: &
FORMCEBRGE S LAMBE I ie. AIMMRIIC X - T, 18P A FERE R o IR T
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IR H 5. PRERMEIm LR AR o G E A
FTHMATHY, HIEW, WEABSIL, 7274
=7 R EOFERES R T, ERMCIREIRE
B ARER SR T S RN 3 % BER TEAOR 7o &
TXLHMbRTEY, AT a4 FEHHIRIEEIE
) CRRIEME BRI P 2 m T & v 5 R B
%, PERERIPES O FIERT R O 12D % < O H)
WETFTANIEI N, KEHEIED DTS,
SEATREIRGE & LTk axotomy £ F v D NS R,
FIKIEH KL T 5 &S Rb. Mo R
5% Ct¥, CCl = 7 v (chronic constriction injury model;
KPRt = 5 )Y, PSN & 5 1 (partial sciatic
nerve injury model; A& mit s s 15 € 5 4)¥, SNL
£ 7 /L (segmental spinal nerve ligation model; 3 f1#%
fEd = 5 1)@ SNI = 5 v (spared nerve injury
model)™, Mosconi and Kruger € 5 v 2 23515
B0, Tofiv —¥—MREc X 5 EBiEInE L
RS EREDRERECL ST e T 4 =7 EF AW
DRESI TN 5. Th b MRNEEROEY €7
VT, FEEOBKEEIR & R, MEBEST v
T4 =TORRLRS.

A EE R OES I X D, ThE CTRED» D FHEE
DAL T o TR BT S HE9E1%, T C D4
BEBEA A=Y Z7ERMTOIRD X 5Tt -
7o BUE, WAORBRERRBIC OV TR 1 )ikt
& T B (primary somatosensory cortex; S1), 28 2 &
AP REE B (secondary somatosensory cortex; S2) 2%
BAG-L, MEhCBANCEY L Cikiiariknl CARE S
HIEDPMOMER-TWEYS, LLiadb,
D% AR AENREL TR, EEmD
PBERE 1 2 — ¥ v Z IR IEFEM s BRG 2MTh T
R I AT EBIERIKRE W gz,
P2 13 A O FRFE IR RAE AL, T O
—HREETHD, o EXTRMER & D N
DOHEBRFHTZ L D LW DL LTV 5.

i o> 15 B & ] g4 3 % Fk & L ik PET (positron
emission tomography), SPECT (single photon emis-
sion computed tomography), % 5 ¥ v * /v @ EEG
(electroencephalogram), MEG (magnetoencephalo-
gram), MRI (magnetic resonance imaging) 7¢ E2\H
5. HhTh MR, JERER A 2 —v v 7Tk
D=2 & LTALBERTHWHRTWS. MRl %
FCTC IR REREAM & L C, BRI i 5 mik o 21k
% X3 % BOLD (blood oxygenation level dependent)
& R A FR U 7o i B fE B 2 (functional MRI;
fMRD™ 2MIH T %. COFEFEVELOM
ERESHTHY, R—2AF74 VOESEEHTES
EWVWOSHIRNDH—)T, WHEO T, s &

NCRERGRENNETE T, TR
WZ EDD, RRYHIVNI BRI I W TR
METekE R EE 5D 2 L W, Nz THlI# o ON-
OFF NLE e T &b, FMITH AN EL % 0]
HEME D B 5 BHEAIR TR W TIXER 71 v RS
DM s, —J, BWERBEOTFIEELT,
Mn* %A & LTt % < v o v BRI R G
e 3 (manganese-enhanced MRI; MEMRI) 231
bRhTWw5hb., Mnit MRICE TS BIFIREEA & L
THIBITE D, MBI (T) & BEERRR (T,)
DN R FMET 5 ER D S Y. MEMRI 2,
Mn &4 G ic 54 % & & CRHLER O RS 2 w0
fR e G125 ¢ X % neuroarchitectural MEMRI®? <o,
BB G- F X Auie Mn 23R L 1 X - COE i
INBMWEEFIH LT, KRGHREC MK O iR s
%5853 % Tract Tracing®™, 1y&A4EAM  (blood-brain
barrier; BBB) % #EHiC THife & € 2 IREET, K
DOt & FRFIC Mn 288 5- 1, BRI e ff - CHLRR
WIZIEA Lz Mn O & e R TG TR 2 843 5
PR IR TG R S L R i 5 3 (activity-induced manganese-
enhanced MRI; AIM MRD*® 7 O FiER b 5. =
O AIM MRI 13X D fRERTE 2 0 b © 2 Eig3 2%
FEELTHAIR TS, M0 (XA U 2 i1 +
v o Ca¥ LU EEA R L, B MR Ca® k&
HITH VT AT v FoV A U RPN D A
FHD A LT Mn kELR o R R A A
¥ LD, T, EHESR T Mn OHLY A ¥ huic fEIR
DIES EANMAZIRS.

AR, EBY R A P 7o\ AR R MR
DEETALELTHIDRAD SNLET VR L,
AIM MRI ®FE i1 X b Jif Z ik FE IR O Il TG % w2
FTAHIET, 7TuaT 4 =7 OFFEIC X D TG IR
DEAL AL T B LR A E LT,

b # &

1. EMIDMELLUERETO ML

HE¥E Sprague-Dawley 5 » b (n = 14) ZHEEX
IZSNL # (n =9,223 + 13.7g) & sham £ (n = 5,
227 + 18.59) 124y 1F7=. SNL Bfi% Chang & o Jj i
10) #BE1, 5 F6THMELREEL, Bk
e TR ER LTz, sham BEULEFEE A RE o &k 2
Li4b, SNLEEEFRBEDOMEHRFT-7cb D & LT
AIMMRI ODFEEE 7o +» a1 Figure 1 g, I
b 1%, 4.0% isoflurane W AR (7 + —Vv v, 7R »
by X V) IR E RO A TEAMEEL,
[EBEOK, FMHEHH O N TR
(SAR-830/AP, CWE #-%4, >KE) %M\ T25%D
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disftﬁfion stini(t)l(Ztion MRI
< = ~—— ~
__ 10% Mannitol 25% Mannitol 25mM Mncl, M andGlu
"""" e e T )
Disoflurane  2.5% 3% 1% [ 209 |
propofol|  1.2ml/h 0.6 mi/ h |

Fig.1. AIMMRI®Z o } 21,

Activity-induced manganese enhanced MRl (AIM MRI) @ 5T & #ERFZ 3. SNL €7 v Ficik sham £ 74D 5 » b ickt
L, WMRELXBIT %70 AIM MRI 2% L 7. isoflurane & propofol D {E & REEE KT, 25% Mannitol D SHE)IRHE5-1c & -
T MEAM  (blood-brain barrier; BBB) % ii#e X 872, F D 25mM MnCl, o#¢5- & RF e, GO RIECH T 5BED 7
7 SRR A 3 AT, 5 DRI IC MR IR A 1T o 7o, IRERiIC 7 v 2 3 Vg RIRA Lo MnClL, 28251, T, i

12T BBB Wi D ifERE & 17 - 7.

[FIRREER TR 2 MR L e, EIBR A H e =2 —
L (E5GN, omron #1#), A 375 = 0.4°Cic
AL oHEI I IREE (Tavy be—&—
SG-15, FARURGHE TE4LE) AT, KR & ffERE
Lic. Wz <, EERBBEE X O T #iciid o
pH, B8 F7HE (pO,), I X O f{bRFE /7 (pCO,)
Z W& L (i-STAT 300F Analyzer, 7 4 - A X » h 2 —
RV —v g VB, OKRE), Zh b AR PH
IHERR U7z,

ks, AEBE TSR T 2 B g
DERICEET 2 IEARTEE ] CPE 18 3R S
R TL ) wRESFL, W BRSO  0F A
ZHRE X 5&E CFRL 2043 J 31 H;19-8-1 %)
IS THENME L 7.

2. SNL ETILOER

7 v bIEMEIEFRYIR L, 55 6 R ZSE 2 5
BRI Zh kL, T TS558 5 (L5
ke A 5-0 v v 7 #8455 (GAOSSW, 747 Ly
77—~ —t) TR LA B\ TEB L AINHER]
FilLrEgEH L T2 kL, BT OXE 6 i (L6)
REDREEL A 1T - f=. SNL BEds X OSsham BE & 31,
Fit 185 2 HE o WIH A CHEBHEA L,
AIM MRI 2 Jiti © Hii H 1z von Frey test i< X % jf % [#
il DM 5E A 4T - 72. von Frey test XAk MG O
FHHChor7 e 4 =7 T A2 ETHS. R
sHhRKIdvonFrey 7 4 5 4 v + (TOUCH-TEST
SENSORY EVALUATOR, North Coast Medical #- %,
KE) 2GR LRECH L 24T, dhaliE SO0
o &k FRRMARIE Lz, FiiflTh s EEE
B IO LEHE AR E L, MABEfER g
Tl

3. AIM-MRI DK%

EAZD 7 » ik L, A KIRENEIRE X O 724
FERcAEY =5 v v F o — 7 (PE-50, Becton
Dickinson, MD) #®3{& L 7z, I¥E» A 4 HE ol &
AT o 8, IKERIET-B5 o> H 9T 10% mannitol (8ml/
kg, D-Mannitol, sigma #-%4, k) & KRRER X
v ) v v Y 7 (KD Scientific #%, k) 12T 2.5ml/
h TH5 L, KEREIIR X 0 Frfe i i & i o Jl &
%17 - 7= (MP-100, Biopac Systems, Inc., CA). 10%
mannitol # 5-D# 7 #fER L, R X 0 SRR
TH 5 propofol (1% 7 4+ 7V NV, 7AFTFEFR
71) OG- (1.2ml/h) ZBAkA L7z, propofol £ 5-Bi4k
D 5 5ic, SR L D 25% mannitol 25 (6ml/
kg, 108ml/h) 3% Z & T BBB o ][l fE 21T -
7. BBB o #ifEts 3 it isoflurane % 3% 1z T,
MO 7e FA 22 7. Fo# isoflurane % 1%
iz, propofol oy 53H & % 0.6ml/h i FiF, 7 45l
Frlie, MEDOLREXMRL, LEHBIR L D 25mM
MnCI, (0.6ml, MnCl,-4H,0, sigma-aldrich #f- %, K [)
YD) v YRy AT 12.0mih o E RS L.
MnCl, 5. L FIRFIC, FARBROHITT 5 Vi
X B AR KR 3 5 B o EE R (0.2Hz)
% 30T o7 v b o fIMRIERIC RS WT, il
W7 2~ < P 2 fI 30T RE 7o RO EE R I
5T ER, 7T v X AR A IR L e,
MnCl, # 5-3 X Ol 1752 5 20 Rkl L 72 Rf s T 2
& HOIME A A EOREZTT - 1. 2fTROKT
e MRICC T, SRR, T, SRR 2 R L.
BBy, isoflurane % 2.09%0 1 #ERE U 7=, BRfGikT
Bz sz s vig (5%, 0.3ml, L-Glutamic acid,
sigma -84, k) 24 L 72 MnCl, (12.5mM, 0.3ml)
ZSEER L 05U, T, @HEGRAIRE S5 2L
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12X - C, BBB#ifEenIREERMER L 72

4. MRIAIE

MRI i £ 1< 1% 47T K 57 % 52 B H MRI 4% (&
(Biospec, Bruker ##L, 1 ) ¥ X OPIEE 9cm D
{ERHEY; = £ v (Resonance Research, Inc #-#.,
1) R, K244 & LTHE 7em @ Volume
coil (RAPID biomedical ##, F 1 ») %, %52
4 2 & LT Surface coil (RAPID biomedical #-%, =
1) wEM L.

MEMRI O iy, T, sl & mko s
Rz \\WT, v VFATAADALYY - = a—{EIC
X 0k Wik X O O ffR 217 - e, s 5
A —2—1%, By RLER (TR) =400ms, —a—
Rif] (TE) = 105ms, <+ VU » 7 A% 4 A= 256 X
256, field of view (FOV) = 32mm, A 5 1 A =
15, A F 4 AJE=1.0mm, FEHEEH=6TH- .
KWL A S 4 2B =10, 254 AE=0.7mm &
L, ZDD R 5 2 —2 —i3F—D b D%l Lk

T, WG ILEIRNT & L, TR = 3,500ms, TE =
12ms, rare factor =8, FOV =32mm, <= btV » 7
AP A A= 256 X 256, AT A4 AJE=10mm, AT
1 AF= 10, BHEMEEK=1 THREGL .

5. E{RLIEE K OHEHER

BB I UNIX 2V ¥ 2 — % ECEIfET 5% Y
7 + % = 7 MRVision (MRVision #-81, k) % /i
L 7-. B30I (Region of Interest; ROI) (%, Paxinos
b ORHIK *? % 5# 1, S1, S2, #ikEE (cingulate
cortex; Cg), ##Hh % E (motor cortex; M), IR - %
7% (caudate putamen; CPu), #MAEEBRSVAG (external
globus pallidus; EGP), JE{I¥R&EK (ventral pallidum;
VP), BK T (hypothalamus) @i L7 (Fig. 2).
1550 o iy, 4 TR oS3 % ROl ik}
THESHELARB L, Mtz y va—
% (PowerPC G5, Apple #:#L, KE) LTEIfEFT 2
v 7 & Prism (GraphPad Software #h-%L, k=) % H >,
HEKEER 5% E L TAETD T — & & Ml +
TR LIE.

b # %

AIM MRI S Jiti §ij 12T - 7= von Frey test Ti, SNL
TE D P B (AR iR 1 B A Bl A 1.73 +
0929 TH v, IFEKEEM (LK) o 18.8 = 7.12g
XL CHBRIE N 2R L. TR0~ 1T
e\ sham FEDO B {E 1L 26.0 = 009 TH D, #hzk
B & FERS B R BIE O 2 3 H B 7o o T

Fig.2. BJ.OHIK (region of interest; ROI).

ROI o 3 1%, S1 (primary somatosensory cortex; 28 1 &
R EF), S2 (secondary somatosensory cortex; &% 2 ¥k
AR EY), Cg (cingulate cortex; #H7fRZ'E), M (motor
cortex; yEE) < 'E ), CPu (caudate putamen; FEIRE% - #47%),

EGP (external globus pallidus; #Milyk EERSVEG), VP (ventral
pallidum; I & ER) , hypothalamuse (BLER Fi#) & L 7.
S1 BRI 24 EBA7 (primary somatosensory cortex, forelimb
region; SIFL) & L, VP (% AA (anterior amygdaloid area;
JERAkEL) &L EE L.

Table 1. Jifi 2 BRMEHIE D %5 5

spinal nerve contralateral side

ligation side (g) (no ligation) (g)
SNL group 1.73 = 0.92*" 18.8 + 7.12°
sham group 26.0 = 0.0 26.0 = 0.0

von Frey test T H e Rz~ 3. Sat T icii—tiliE
53 15 Bt Bonferroni i % i U 7=. &) SNL Fif 5 af g v 4
HHEp <0001, b) sham FEfEEEMIC 2 HEAEp <
0.001, c) sham Bff5EL (%3~ % A2 p < 0.05. SNLFE o
BHAREAS SRM T B 2 LT\ T, sham Bf & Mg L T
HRIEAMEOKTABEI N, e, FMrxhil v
W EBE IR T, SNL B TiX sham Ffic bR THE ¥
DR T2 7R Lz, sham BRI R W THREZRAA & FERS 2l
A MEO 2T RS i - e

SNL # & sham Bf o JEfE 2501 oo Bl % Mg 3% &,
SNL Ffic B B 7oK FVEZE I i (Table 1).

AIM MRI i # T o I 7 A 45 1 & B I5R D
A% 3% &, pCO, & pH ITh & 7 b 5 Vi
AI Nt L, RN THREI
7z (Table 2).

Figure 3 1 AIM MRI T3 b+ % i {5 o S8 5]
AF. SNLE T Aicxtd % 7 7 v RO AIM
MRIZ I\ T, IO I AR RIS 2R T i W E
SHETZIBEI N, e S2, CPu, VP kX
O* hypothalamus BRI (55 EADBIZE I hic (Fig.
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Table 2. AIM MRI ij#% o 4= B 44

SNL group sham group
before AIM MRI after AIM MRI before AIM MRI after AIM MRI
Blood pCO, (mmHg) 33.0 * 2.46" 39.5 = 3.80 349 = 1.39 39.7 = 4.07
Blood pO, (mmHg) 107.6 = 15.1 105.3 = 17.8 103.9 = 9.46 102.7 = 10.8
Blood pH (mmHg) 7.45 = 0.02” 7.37 + 0.06 7.45 + 0.01%Y 7.34 + 0.03
Rectal temperature (°C ) 37.7 £02 372+ 05 37.6 =05 374 £ 04

AIM MRI EEEHi#2 D MK 7 A & BT D 7 — & 7R3, MK H A ORI T —To BB 45 5 #T Bonferroni d: & (] L7z, a)
SNL #£3 X OF sham B after AIM MRI 123 5457 p < 0.01, b) SNL &k X OF sham BEo after AIM MRI x5 &% p
< 0.001, c¢) sham Ff after AIM MRI i3 %457 p < 001, d) SNL Bt after AIM MRIicxf 3 %5 47574 p < 0.05. LB
BTOHIIZE T, pCO, & pH ILHE e AR I ey, Zh b ORI iR S hoie.

Fig.3. AIM MRI o 1§,

AIM MRI T8 5 47z SNL BEQ UG (a,¢) & sham B MG (b, d) %3R3, SNL BRI\~ CTHIBIC X 2 iMoo IKTE 5
WA BZE I iz (a). sham FECid hypothalamuse if5 5 EA R S iz (b). 7 I viE&EIES LIz MnCl, o B 5.1
X0, EYERERoOFES EANMERI N (¢,d). ZThick b BBB NG —ICHiEI N TW5b T ARSI i,

3a). sham & 71T hypothalamus 125 5 E5-23 FL oM EECCAEBEREILIBE IR o 12

bhtch oo, zoflofick CEemEsdit  (Fig.5).
B I o 7 (Fig. 3b). WiRfdkie, 71z
S YBEEMA MICL e k o TR EREko v B 8

EEHMENEASL, BH—1BBBRAHK LTS D

LR &hic (Fig 3¢ d).

SNL # & sham Bfic B\~ T, Rk 515 5
FEH % W35 &, S2, CPu, VP, fHIRICH &7
B EANHER I hi (Fig. 4).

AIM MRI Bz 3\ T, Mn $25-3 L OVE BRI

von Frey test DFER X 0, EF L7 SNL €5 1T
WABMEOK FABIEIh, 7uT s =70 ELCT
W5 ZERHEEI N MREOKER AT - Tty
B T LBEOE T AR S hie, R0
BAAS T B U T 7 RIS B h Ty
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Fig. 4. AIM MRICE T 215 50 Ho g,

77 7 A BBIC R A ESEELEYRT. FomEk
Ao ROl 3HEHIKIC A T 25 AR L. it
Mz ik — S AL B 5 #5 #T Tukey Bk & i L7z, S2 (M*p
< 0.01), CPu (*p < 0.05), VP (***p < 0.001) %HIKic
BFRiE5E N BEI R,

o5, EMKRMBIEROBFMATIZI 207 ) 7 L7
A+ md A bOEEIENALLRD WS HRERD
538 o Enb, VA ML vRTraT 7 —
COEBIBER LV RV T2R= 2 —u vDiFEwE
fii L, IERSERMOBMEST 24 U v % it %
2Zbhs.

v b ERRIC LIRS TR, AttoRERBIL
S13 X 08S2, 1 kEE)EF (primary motor cortex;
ML), #i/2HEE)EF (supplementary; SMA), k5 BE
(insular cortex; IC), i %7 Ik [Al (anterior cingulated
cortex; ACC), IR, LR, widEATE (prefrontal
cortex; PFC) 7¢ EICRIEA ST WD B By
ZRtgic Uiz fIMRI o i3 T, o-chloralose FRE ™
DFRA2 ) VY (i) X - T, RijEHIE,
SHIHEE, BUREE, BB ECEEsiEilIh T
W5 —J5c, propofol % Fi\~ 7R FRE T T L,
Hrc SR IR O HE A H S 1 s ® L @GS hT
B, AT 2REOMEIC X - T, MG ICER
DROID T EDRI TS, FRERMEAIE T,
a-chloralose kit F T HFHiEE 7 ricT 5
fMRI D75 % 23 2523, SLEA o FIs BT %
BEHI TR T,

AIM MRI B o 5 ¢ 1%, SNL Bf o S2, CPu,
VP, SlkIcERE 5 EAPHER I i, S2 5
ERFRBECS L TRER RO L3R TWD
DD, FEMEH S T 7o TRy, S2 Lk fll ¢
CRIET 5 T ER% LY, BT L RG2S RS
haEEbhTwh., SNLEETHD iz S2 D6
i, 7T VLRI X S RIHOAMREFRIE LTADE

NICHERTHH EE2 BRI A, —T5, CPu DK
L, ZhEtHEIhTuinbon, BRIk
5 KIMEEBA~D AN EHEETH L, ok
RHLBeboTHHEEZDLN S, AIMMRI THZ
Itz S2 X2 CPu D MPREIRTE 1L, A Ao (RE
D—aHL LIzt D EEZBRD. VPILAA
(anterior amygdaloid area) #&sfHlk%A ROl & L C
MELTWD. VP &L — A IG5 i Bl
W5 EHREIRATEY ™Y, FREkEo—ET
BB AA XIEBIRERE 7 SIS L Qv B REMEDNE
W O ARANC R T, THENCE L B Rk B
OB G 2MER IR TW 5. X S i st %
152 &T, BREMNBADLERT TR, B8
LIRS, Thucfl 5 RN &2 BlZE T X 268
WrD 5.

7y b ORIECHEPEMND Z L TRATZFRT S
Lo FE T, BEOKTFEZBL T, Ficsl
HBROGBES EANMEEI RS b0 ETFHIN. L
L, EBRCRSLcARERESZILIBEI N
hote. e b (FEFEEBRE) g 2 IR AR A
WY RHGEE Y ofSRTIE, Ei S2 FHK o IR IE
DBEIND EWREIRTWSD., SLIRRERMD
HHANLH - T 52, BERBMOATIE SLD
BIEOKEIFLTLE—HEH LAV D EEZ DR
%. ZENE SNL B, sham #F & % 1@ S1 0 iR 25
biiedr-1cZ Enh, Hic e i A 3 2 I
HIHCh AL ZE 2B 5.

SNL, sham o §ij £ 12 3 \» C, hypothalamus 55 1%
CEBLEAREROAL. 20X 5 REEEL —
<A Ty PEHTHAIMMRIIZEWTHBEZEIR
5T EMD, MnFELEHTA T T B0 5 o 4B
REOBALEHRB LTS EELZDBRD. Ll
BRI S > TR T, SHok
WRLETH .

7 uF 4 = 7RO X5 T IR B A
ELTRIT DI LD, Gl Tk KR
RERE L TR AT S T & T, AT BART HLE
DB o7z, AIM MRI THE B 3% 85 FER R E
KELKGFETHECHS LD D, ARFEBROMIES
ELT, MBI ARE L TCTATDIRDENENIT
X o TRMEENELL TW B RN R I 5.
BV IIEFE AL ETH D, HRCh» 5 &8
AERRFEHE E G| SR, Lo T, Sk
FREEIREZHE LR 2 —Do 0 iFEE & L ChIvh o Il
By & A\ie (Fig. 5). SNL Bf & sham Ff o [E Tl
WrhoMECAERZZROAS, METOHET
VR RER] O BRIERE 1o K Te 22 ke o e & B 2
bhsn, i, WELCRBEORMEZNZ TS b
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(mmHg)

“r ——SNL group

—-=--gham group

120 |

100 §

80

60

Blood pressure

40

ot 25mM MnCl; and stimulation

0

0 30 60 90 120 150 180 210 240 270 (seconds)

The time course from administration of manganese
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Detection of Brain Activity during Chronic Pain Using Activity-Induced
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ABSTRACT

Introduction: Nerve injury occasionally induces neuropathic pain, which is a type of chronic pain. The
cardinal symptom of neuropathic pain is spontaneous or touch-evoked pain. Spontaneous pain is either
continuous or paroxysmal. Touch-evoked pain consists of allodynia and hyperalgesia. Allodynia is pain
triggered by innocuous stimuli, and hyperalgesia is an exaggerated response to painful stimuli. Non-invasive
imaging techniques such as positron emission tomography (PET) and magnetic resonance imaging (MRI) are
useful for the visualization of brain responses to pain. It has been reported that activity-induced manganese-
enhanced (AIM) MRI is not influenced by hemodynamic changes and can be used for brain functional
observation. Mn?" enters neurons through voltage-gated Ca*" channels during a nerve action potential and
leads to signal enhancement in active brain areas. This study detected brain activation during foot stimulation
using AIM MRI in a segmental spinal nerve ligation (SNL) model. The SNL model is an experimental model
of chronic pain that is accompanied by tactile allodynia.

Materials and Methods: Male Sprague-Dawley (SD) rats (n=14) were divided into 2 groups: SNL group
(n=9) and sham group (n=5). The right L5-L6 spinal nerves were isolated and ligated distal to the dorsal root
ganglia and proximal to the sciatic nerve formation using 5-0 silk sutures. Sham-operated rats underwent a
similar surgical procedure, except that spinal nerves were not ligated. Animals were examined by AIM MRI
one or two weeks after the surgery. AIM MRI was performed using the previously described methods (Aoki
I, NMR in Biomed. 2004, 17: 1-12). The blood brain barrier was disrupted by rapidly injecting 25% p-mannitol
through the carotid artery. The sole of the right foot was electrically stimulated with a current of 0.2 Hz
frequency while infusing the MnCl, solution. After stimulation, T -weighted images were acquired using a
4.7-T MRI system (Bruker) with the following parameters: spin-echo, repetition time (TR)/echo time
(TE)=400/10.5 ms, field of view (FOV)=32 mm, and matrix size=256x256.

Results and Discussion: Pain-induced brain activation was successfully visualized using AIM MRI.
Significant signal enhancement was observed in the second somatic sensory (S2), caudate putamen (CPu), and
ventral pallidum (VP) areas. The area extending from the S2 cortex to the brainstem and thalamus is known
as the pathway of somatosensory discriminative pain. In addition, the amygdala and medial regions of the
frontal lobe are associated with the affective component of pain. Therefore, these findings suggest that AIM
MRI is useful for the depiction of the conducting pathway of pain. Furthermore, it may be useful for
investigation of neural connections that receive and modulate pain signals. Diagnostic imaging of chronic
pain will play an important role in the clinical treatment of pain and the development of pain-relieving drugs.

AIM MRI will also facilitate research on acupuncture for chronic pain.



