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Using in vivo PET imaging with FDG and ['C]PK11195, a PET ligand for translocator protein (TSPO,
previously called peripheral benzodiazepine receptor), we evaluated the pain matrix and neurogenic
inflammatory process in the rat brain after generation of cortical spreading depression (SD), a
stimulation used for making an experimental animal model of migraine. The results show that the
uptake of [*C]PK11195, which has been used extensively to image activated microglia in the central
nervous system, in the unilateral SD model rats increased in the ipsilateral hemisphere, and completely
displaced by excess unlabeled ligands. Moreover, a quantitative analysis showed the binding potential
for ['C]PK11195 to significantly increase in the ipsilateral hemisphere, suggesting a pathological role of
microglia activation in migraine etiology. The results further show that the regional brain activity was
significantly increased in several brain regions, including the ipsilateral brainstem, contralateral sensory,
and insular cortex, which have been reported to be involved in a nociceptive pathway in migraine.

AR ERE
(AL 2 1)
[ERES S [MECTES ¢ & &t
2009 4 1400, 000 420, 000 1, 820, 000
2010 1200, 000 360, 000 1, 560, 000
2011 4FjE 700, 000 210, 000 910, 000
&t 3, 300, 000 990, 000 4, 290, 000

FIE B ¢ RERR
FHFFE D3FL - FIE - T
*—U—F:PET, HOUH. WA WAJIE, MRIEE), Ibkaem G AT



1. WFIERHAR S D1 5

BRI OEIRE AL - [oER I LT, M5
ORI F 0 | FERESC LA & O = XAk
& K M &, substance P X° calcitonin
gene—related peptide (CGRP) 72 & D RIEMED
ANTF RBBH S v, BRI O 2w 7R ReE -
FEPEDTUENE Z 5, ZORR, M2
NI BT EISIHIEENA~IRH L, AR
JE (neurogenic inflammation) ZZ &I 5
D, ZID ORIER D = AR R % I
L. BT BT HFHRICARE S VA & LT
RSN DE WD) [ EXRIMAERT NIEE
INTWD, AL, RIEETTF Rz —5
v Mz L7238 ﬁ”#/l“f‘gfﬁ%é’ﬂ“ LT
Z LD FEURIRRBIC I 1T D N RAE D 5
Y SR TAC AP RA E\\ ;Fﬁﬂﬁﬁi‘§< F7EHS
MITIe > TR o T,

2. WHEDOHP
DIVHOIVIE T BRI REIC B B N R E &
FEETHZ &, L INODORIEIC K DA
@%ﬁ'fﬁé mu%ﬂ@l‘%&%ﬁ**ﬁb f‘yf@géﬁ
M 72 FEAL SR D ffe N7 & 3l AT,

3. Mo Hik

R ERIRB OB ET LB L Tiddl < 2

5 Spreading depression (SD)EAZRVEH X
T35, Spreadlng depression (SD) & 1%
A3 MR 3% D KON KRIM BRI IR A 5

BGThDHHN, EOEREEE D FiiE O Rk
THNDPERE SR & —ETD 2 &b

JFreEiE R EORIIRIER DR AR & S,
SERRIEE T L E L CURLS b T& =, %
T, bivbiuxZ v NOKRMEEIZSD &
SlEEZ L. IMANORIECE IR aE « 5%
B OWTPET A A=V VP FEEZ AV TH
L7z MEPNARIEIZRE L TRt R T
RIEKSDHE A7 L TWb~A 7 uall)

T OWEMABICER L, Wb~ 27277
% R ELAOICERER T 2 [M'CIPK11195 & VTR
L7z, F72. FERBIEIC L DN Oapfe
TEENFEIIZ DWW TILFDG-PET A A —2 7 &
SPM fRHT 15 % KL A& o 72 I RE 108 M AT 15
ZHWTHRE LT,

4. WFICRRE

AN RIED PET A A — 0 ZHFETIL, SD %
FlIEEZ L RICEERICI W T, Flig 1 H %
76 [MCIPKL1195 OEFEN R TE, A1
MIRIZIT 7 N—I27e D Z LR LT
2772, E5HIZ, Logan Noninvasive graphic
FEMTIE 2 AN T BHT 2> 5 [M'CIPK11195 DFfE S
HEAY Spreading depression Z5|&EHZ L7-
K ERICB W CRIFIVICHEIIML T 5 2
ERHLNI o7, INHOFERIZ, HEE
JRIEE T CBWT [ =X HRIMEH] T

%%éﬂfméﬁ%@%ﬁ%%%@:#ﬂ
REMEEZRLTEBY, I Z7e U7k
ﬁfﬁ E~DOGZRE LTS, £z,
FDG-PET A A— > 7 & SPM fEdTiEZ A E
o7 IR RE E 4 AR AT T I, SD I X - T
R 0> = AR FE A A % 25 de i a0 oD 3 5K
DOFREAZ, HU O RERILIR T, IR DOREN
Itz MEAMAZ, BREE. — R R O R
JER B2 R O ETRAR I B o D fEIE D
MRIEEFNTTHE L TWAZ EEH LT L
oo BT, 2O O HRBEOEN R >~ b
U — 7 CHPRRIEED A FERE LT, PR OMEALSK
LLTOMbILTWAERS N T X D%
%%Jﬁbtﬁ% A4 E (100ug/kg) D
i 512 — R O IR IR PE R B S &
Uﬁ%?%ﬁ%ﬁé@ﬁ%@ﬁﬁ?bfw
BDIENRHLNI o T,

5. FraRFIRLE
(WFEAREE . WFE
=)

Gy HE o ONEHERTEE 12

CMEREam ) (B 7 1F)
1. Kuboyama, T., Nakahara, M., Yoshino,

M., Cui, Y.L., Sako, T., Wada, Y.,
Imanishi, T., Obika,' S., Watanabe, Y.,
Suzuki, M. and Doi, H.:

Stoichiometry-focused ®F-labeling of

alkyne-substituted oligodeoxynucleotides
using azido ([*®F]fluoromethyl) benzenes
by Cu-catalyzed huisgen reaction.
Bioorganic & Medicinal Chemistry, 19,
249-255,2011. #FEA Y

2. Yamashita, S., Takashima, T., Kataoka,
M., Oh, H., Sakuma, S., Takahashi, M.,
Suzuki, N., Hayashinaka, E., Wada, Y.,
Cui, Y.L., and Watanabe, Y.: Imaging of

gastrointestinal absorption process of
orally administered drugs using positron
emission tomography. J Nucl Med, 52,
249-256, 2011, #EHA Y

3. Ozawa, M., Takahashi, K., Akazawa, K.
H., Takashima, T., Nagata, H., Doi, H.,
Hosoya, T., Wada, Y., Cui, Y.L., Kataoka,
Y. and Watanabe, Y.: PET of Aromatase




S

in  Gastric  Parietal Cells Using
11C-Vorozole. J Nucl Med, 52,
1964-1969, 2011.  #HiA YV

R, EUARE. RRVER. MR
FED A A—T v 7 & TETRIFRE,
PET ’)ﬂ’“—’j‘/l/\ 16 (3) 14—16, 2011
A e JE

Akazawa, K. H., Cui, Y.L., Tanaka, M.,

Kataoka, Y., Yoneda, Y., and Watanabe

Y.: Mapping of regional brain activation
in response to fatigue-load and recovery
in rats with c-Fos immunohistochemistry.
Neurosci Res, 66(4), 372-9, 2010. 4
BA

Takashima, T., Nagata, H., Nakae, T., Cui,
Y.L., Wada, VY., Kitamura, S., Doi, H.,
Suzuki, M., Maeda, K., Kusuhara, H.,
Sugiyama, Y., and Watanabe, Y.: PET
studies using 15R-[11C]TIC-Me for the
evaluation of hepatobiliary transport. J
Pharmacol Exp Ther, 335(2), 314-323,
2010. #HIA Y

Cui, Y.L., Takashima, T.,
Takashima-Hirano, M., Wada, Y., Shukuri,
M., Tamura, Y., Doi, H., Onoe, H.,
Kataoka, Y. and Watanabe, Y.
11C-PK11195 PET for the In Vivo

Evaluation of Neuroinflammation in the
Rat Brain After Cortical Spreading
Depression. J Nucl Med, 50(11), 1904-11,
2009. #HIAY

s k] Gri121f)

Cui, Y.L.Visualizing
neuroinflammation and the pain
matrix in a migraine model rat using
small-animal PET. The 14th
Conference of Peace through Mind/Brain

Science ( Hamamatsu Japan) February 15,
2012.

BB A g L FE B
Wt Bk 3R AR e Ful Rl
0 8RR R4 MicroPET & M
W2 Ty MM ORI « AR
OEMT, 5 34 [7] B AR RS
(2011 9, 16) A
BEREE mEBRZ. @A, bk
A BULFEE ARAESE. FaHERGL,
TIEAE, FEORE . REEth: e
RIEDGy A A— 2 7 & FTERTR IR TE,
%GEIEIZIK TTA AT TR

FAEES (2011 5, 26)#F
Akazawa, K. H., Cui, Y.L., Tanaka, M.,
Kataoka, Y., Yoneda, Y., and Watanabe

Y.: Mapping of regional brain activation

in response to fatigue-load and recovery

in rats with c-Fos immunohistochemistry.
Society for Neuroscience 40th Annual
Meeting (San Diego, USA), November 17,
2010.

Cui Y.L. Takashima M., Tadayuki, T
Okuyama K., Shukuri M., Hayashinaka E.,
Wada Y., Doi H., Onoe H., Watanabe Y.,
Kataoka Y.: PET imaging of neurogenic
inflammation with [11C]PK11195 in the
rat model of migraine 2010 World
Molecular Imaging Congress (Kyoto
Japan) September 9, 2010

B EEE el fE SH s Bl
HHE B R R e ful el
i IRE AT FEth R REE T
VT N TSR SRR R R B O AT,
75 33 [B] B ApfRF R4y - (2010, 9,
4) FR=

Cui Y.L.: Pathophysiology of migrane
studied with small-animal PET. The



10.

11.

thirteenth Conference of Peace through
Mind/Brain Science ( Hamamatsu Japan)
February 24, 2010.

O RHE G Rl R Bl
HHE RBLE FMR S B b A%
fHE FEgh HE AR E 48R Rl
A 0 RERWREE T LVEIIC 1T
DA A A RZFRDPET A A—T
Ty G AA=T TR R Y
L2010 ARk A0 < AIZE - FREBZWTE
gz) (2010, 1,20) BT

Doi H., Takashima M., Cui Y.L.,
Takashima T., Hayashinaka E., Wada Y.,
Watanabe Y., and Suzuki M.:
Palladium(0)-Mediated Rapid
C-[11C]Methylation using an
Organoboron Precursor:

[11C]Celecoxib Synthesis and the Rat
PET Imaging. The 11th International
Kyoto Conference on New Aspects of
Organic Chemistry(Kyoto, Japan)
November 12, 2009

HEEE, aREz, BEER HEL
B, mSAFEE, e, AR EEEE
FHEGA, HRAE, B ik,
FRE . R FPER MicroPET Z2 W= A
SEYFR I RE D FRMT R 32 [B] B AFhR R
K& (2009, 9, 18) 4 E
Takashima M., Cui Y.L., Takashima T.,
Hayashinaka E., Wada Y., Watanabe Y.,
Doi H., and Suzuki M.: Highly efficient
synthesis of [11C]Celecoxib by
Palldium(0)-mediated rapid
C-[11C]methylation using an
organoboron precursor and PET imaging
of COX-2 expression in rat brains. 18th
International Symposium on

Radiopharmaceutical Sciences

(Edmonton,Canada) July 13, 2009
12. Cui Y.L., Watanabe Y., and Kataoka Y.:
Neural and Molecular Mechanisms of

Central Fatigue in the Animal Models.
36th Congress of the International Union
of Physiological Sciences. (Kyoto, Japan)
August 1, 2009

6. WFFERHRK

(1) WFgefkss

# BFE (CUT YI LONG)
MSIATEOE NERAL PR 0T - AIRAERE A A —
DU TMRT— A BT — LY —H—
MoeE&s 60312229

(2) W5 sy iR

YR F%E (WATANABE YASUYOSHI)
MSIATEOE NBRACFWFGERT « 59 F A A —
7 B o — s b —F
MeEH‘ZS 40144399

(3) HHENT T
7L



