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Fig. 1. Experimental schedule for behavioral analysis.

EPM, elevated plus-maze test; OF, open field test; SI, social interaction test; SP, sucrose preference test.
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Fig. 2. Effect of GPR40/FFAR1 deletion on anxiety-like behavior in the EPM and OF.

a. The number of entries into four arms in the EPM.

b. The ratio of crossing open arms in the EPM.

¢. The ratio of time spent in open arms in the EPM.

d. Represented moving plots both WT and GPR40%° in the OF. White dots square represents center zone.
e. The total distanced moved during experiment in the OF.

f. The ratio of time spent in center zone in the OF.

(EPM and OF; WT = 10, GPR40° = 9).

Statistical comparisons are performed using unpaired-Student’s t test; "P < 0.05, P < 0.01 vs. WT.

EPM, elevated plus-maze test; OF, open field test

Data are presented as meanS.E.M.
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Fig. 3. Effect of GPR40/FFAR1 deletion on depression-like behavior in the sucrose preference
test.

a. The ratio of preference for sucrose between consecutive 3 days.

b. The volume of total intake of water and sucrose.

¢. The volume of water intake.

d. The volume of sucrose intake.

(WT =10, GPR40%° = 9).

Statistical comparisons are performed using unpaired-Student’s t test; P < 0.05, P < 0.01 vs. WT.

Data are presented as mean+S.E.M.
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Fig. 4. Effect of GPR40/FFAR1 deficiency on social behavior in the social interaction test.

a. Represented moving plots both WT and GPR40X®. White dots square represents interaction zone.

b. The total distance moved during no target and target session.

¢. The time spent in the interaction zone during no target and target sessions.

(WT = 10, GPR40%° = 9).

A two-way analysis of variance followed by Bonferroni's post hoc test revealed the significantly difference of
time spent in interaction zone (time: Fy ;5 = 34.23, P < 0.01, genotype: F; 15 = 0.1382, P > 0.05).

P < 0.01 vs. no target WT, *P < 0.01 vs. no target GPR40X°

Data are presented as mean+S.E.M.

10



1-3-4. Serotonin, noradrenalin 33 X TY dopamine &(Zxf9 % GPR40/FFAR1 K4H D%
GPR40"® @ serotonin i, WT LH#: LT, BUKTES, P4, IEREICH O TIZARA S
BAVZ R &7 o> 7= (Fig. 5, g, j)s — /7 T, GPR40X® @ serotonin & (IHIZIHBVT WT &
i LT, AEICEM LT (Fig. 5d), GPR40XC o noradrenalin #:1% WT &t LT, #HK
TR, TN IERE . VR O WS OFERIC IV T S A ZICHIIN L7 (Fig. 5b, e, h, k), GPR40X
@ dopamine &1, UK FEE. TN, EBEICB O TIRA BB E RS 2dro 72 (Fg. 510, D),
GPR40° @ dopamine &3 WT & it LT, MEEBICHBWTHZISEM L 7= (Fig. 5),

hypothalamus hippocampus
a b c d e f
O wr [l GPR40¥©
2004 2007 * 300 2007 4s 200 3007 =«
—_ =X 3 _ =X o 3
=2 1507 2 150 g 21350+ o | g
< 2 = 2004 < g T 200
.~ - =1 B — =
£ 100 g 100 = £ 1007 £ 100 =
3 = 2 100 £ = = 100
e s =% 1 = =3
5 501 g 50 g 5 501 g 50 S
= L=
04 0 0- 0- 0 0
midbrain medulla oblongata
g h i j k 1
125 150y = 125, 150 _ 1507 150
. < - - S -
S 100 < 125 < 1001 G125 %125 é125
= £ 100 > =100 £ 100 5 100
g 75 = = 751 R= = K=
g s 75 = £ 75 g 75 £ 75
g2 50 o g 501 2 2 5
S .-‘g‘ 50 < © 50 = 50 % 50
2 25 5 2 S 251 2 25 g 25 S 25
0 0 04 0 0 0

Fig. 5. The profile of monoamine in WT and GPR40"° mice.

a-c. The level of monoamine in the hypothalamus.

d-f. The level of monoamine in the hippocampus.

g-i. The level of monoamine in the midbrain.

j-1. The level of monoamine in the medulla oblongata.

Each result expressed as the percentage of content of WT.

(WT =12, GPR40X° = 12).

Statistical comparisons are performed using unpaired-Student’s t test; "P < 0.05, “P < 0.01 vs. WT

Data are expressed as mean + S.E.M.
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1-4. & %%

—TIX, EEERERIEN 69 5 M GPRAO/FFARL DR SV TR 572012
GPR40X® ~ o 2 &l L, AFEITEIRABRZ A\ CIREEMERE 2T L7-, ~ 7 X TIMANIC
BT GPRAO/FFARL 2MHRHEEMIMAFRAVICHKE L TV D Z LA RSN TN D, 61
o2 DATHIZEIZ BT, GPRAO/FFARL & serotonin 33 X O noradrenalin {ESEM:fik %
JFELTWAZ EEME LTS, 72, GPRAOFFARL DT T=A k&~ 7 AN~ L
9% & serotonin 72 5 N noradrenalin fEEIPERIRE R ORI /2 Th H FREIZB N T Z
NHE)T I UVBENEFT D2 E0v5, GPRAOFFARL DIEMALINE 2 7 2 > D4y iR
ZHHSTNDZ EH/RLTWD, IMNIZEIT S serotonin 35 X TN noradrenalin @ 1%, 9
DR LR E I EOFIBE DO R 2R T Mo TS P 2olw, EP*EHH’%
R FRITIENIZHBLT D GPRAOIFFARL ORIBIZ L T, £/ 7 I Uik ORERERH %
N LSRR AFE SN T D AREENEZ DT,

F79. BT TFREBERBRB IO —7 07 0 — L R A2 T, RERITEN &2 et
L7-, GPR4O®C = zid, @Rk BR I B W TR TEI ORI TH % openarm
~OWIEREB ORI NHEEL Lz, 512, A—727 4—)L FRBRICB T 52 REZHATEI O
BIETH D center FHIKA~DOWAERFEI DWW HIHK LTz, ZAVETIZ, BV A2 TE
OFIENZE 5T 5 Z ENRBR I N TN D, FlxiX, ~ v A IZfFfENEE CoH 5 palmitic acid
(C16:0) K5G35 & HEEREDHEICEH#IZEE L TV 2 RAKAIZF T, serotonin O
FTEAHTH D 5-hydroxyindole acetic acid DI & Ml REHEITEINERL SND Z &
NS XT3 %) Contreras 5 1%, myristic acid (C14:0) 735 v MMI3WT diazepam &
RO ARLEERN G T 52270 TS ¥, 7=, ZofEMITIE y-aminobutyric
acid-A (GABA,) ZAHREMNEH-3 25 Z EARH I TV, Palmitic acid <> myristic acid (&
GPR40/FFAR1 c:ﬁ%é\?“é H—RSEIR CH D Z & 225, GPRAO/FFARL OXKHE 12X > T
ECDTARIERICIE, ZOX D RIEEEN LI 7 F AV OELREE T 5 L HEEE X
nd, Fic, *””ﬁﬂ‘%LEﬂﬁfﬁ%ﬁ@i open arm ~OFER A FEIE & L CHEFEMMEDOFHGIZ  H
WHILD I ERFREINTNDS 9O GPRAKC 7 21X WT <~ & & ki LT openarm -~
DWAERNAZEITHIN L T2 Z 235 GPRAOFFARL %A1 L7z 7' )L D REREDS 53 72
{TEIZF X L TWAAREMENEZ b5,

RIT, A7 v— ARBAEPERER 2 VT 11D SRRATENC K95 GPRAO/FFARL D5
SUWTHRET L2, 319 SRTEIOFEE T 5 sucrose ~DRELFPEDIL T, GPR4AOKC ~ 17
A THIE S NT=, DHA X eicosapentaenoic acid (EPA) DI/ X, 9 D¥i DFEBRER & AR
BZERMBNTND O, UL b, DHA X2 EPA O/ A3 5 SR TEI 2 BT 5
BEREIT, 1T A EHS T EN TV, Nishinaka & DO EIZIHBV T, GPR4AO/FFARL fE
BEOKEEGICL > T, =V RIZEBT 580 9 SHITENISEET 5 2 LAVRER TS 3,
GPRA0"C = 7 2 T3l 9 SBATEIN A BN 2 L2, BERICHEW T DHA < EPA D
L HZRD S DI O DIEIROFEBLIZIT GPR4AOFFARL o 7 F LV DIK T & 5\ IHERE
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NG L TWDRREMENH 5, 15 DiEdkIE, B L L Tt abnbd 2 &
BHIBILTND 9, Fox i3, GPRAOC Mk~ 7 2 ICIW T b AR OITEIIRNT 2 35 Z 72 5
TWDD, MEE~ T 2B N THHARLZEATE, 726N ) SRITEIDBIZE S, &6
;ﬁAﬁ TEIOE T HRD b P, MERE U FERICE L TR TH B2, ET

T, PEARAE L THD testosterone X° estradiol [IAZZAEEMEITENOHIENICEE CTH D
&ﬁﬁ%éﬂfwémo:mgﬁ%@%@ﬁ@@mw% BT % ATREME R B 2 B A8,
FECONWTIIE B R DM DBBE L 725, U EOFERN D, D7a< &b GPRAOFFARL I3
AL D D LWV T AFBOHIENIC —EHBI 5T 5 Z LR Iz,

AR, R0 5 DRER 72 EICE D BBV TENL, MO Eoflg, EoMERICE > T
FIf ST B S>> H %, HTH serotonin, noradrenalin, dopamine 72 & DF
J T UMRRRIT, R0 DIEREFIFH L T D I ERMOLNTWD, T HMHREHR
DOECMAEL L LCix, HHE. T, BERTESEAHSA TS ©, v Rz T
GPR4O/FFARL (35 i, UK FEBICHEEL L TV 523 JEREIZ ISV T8 GPR40/FFARL 73
JEBL % serotonin TEENMARRESFAET D, LLEMND . GPRAO/FFARL D RIEA T b DA
BRI HATEE T I U RICRIET BSOSOV TR L7, GPRAOKC < v 23, MEIC
FU T serotonin, noradrenalin, dopamine 4= T3 EIZHIN L7, WHEIX, BRAIZBWTH
FRETE O Z 2R TH Y L B - REEE D LML TVD P, RSN,
I ORBEICBWTCHEROEHENRDOONDLZ LD, WHITIM S IClbL Z ENmb
nTngd D Malberg Hit. T MC fluoxetine Z @ PERE G L, A& AN TTHET 5 = &
) Boldrini 512X BH1 9 DA EG STz 5 O RE OFER MR OMFETIE, fhik
SRRSO EDREN TR Y O, MEBICIT T AN 5 DRRITEI O R BB
THEEZLNTWD, WEEICIHHT 5 GPRAO/FFARL 1%, cAMP response element-binding
protein DIEMEALZ A L CHBTAEZ S Z L b RHENTWS ¥, MBHBICIE, IEROER
225 serotonin {EENPERRER S, T O FHZ S L OEMEEE N HIX, T Eh
noradrenaline {EENMERRFR, 35 LU dopamine {EEIMEHIIRS AT LT 5 0% Z 6 s
D MERG I 5 O 2 i3 D oD kR & L CBERE L. GPR4O/FFARL 27 J /b
DRIBWEFEE /T 2 AEBIVEMR OEREZ kG S 72 2 & T GPRA0O~ 7 2D R EAT
ORI ORN - T- EHEE SN D,

HIK DT BEEZ 3 KON B JEREIZ 22T THRET D RERIZICIZ, £ E 4L noradrenalin,
serotonin {EENPERRR DEAGEE DFAET D, FATIFTRICIB VT, FEEEZR L OKERIZICE
% GPR40/FFARL {FE)HE D R4 5-13 noradrenalin 45 ZTY serotonin 1’@&%@%}&:@%}:?@
M~—D—Th s cfos ORBLZFHET HZ L6, GPR40O/FFARL 73 noradrenalin 35 XX
serotonin {EBEMERMR Z BT 2 2 L2 R LTS 20 26 OfEIE, MEER L OWUER
THEBIZ serotonin ¥ KX O noradrenalin fEEhMERR A A L, T T XA EZEEL TV D
Mathieu 5%, DHA 728t MRIEHIUFETH 5 SH-SYBY Mifus>& noradrenalink D fikiH %
FET L L AMEL TS P, PLEOMRAS noradrenalin DS HEIENIC 1%, FERSEE—
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GPR40/FFARL % L7= 7 T /UESIE R FE L T D Z E DRI S U5 A3, GPR4A0/FFARL
TSI B, MBI, BAERZR & OIRFE SIS RIL L TRV . AHFZETHUZ GPR4O =
AVFAHRR R R TIE2 < RFHRE~Y U ATH LD, 2D DI OV TIRFHT
TR, AW CTRO L NTATEVZ LIS )T 2 BEMEIR O R EICIL, S DI
R LELE 72 %,

PLEF -T2 W TC, [HEBERERIEIZ %95 GPRAO/FFARL DRI G ISV THIHIC L
2o GPRAO™ =7 2% MWW= HFHT & - T, GPRAOFFARL 13 HEME~ &7 2T TS
TETIERL M OB RORZRITENZHE L TV D Z LRI NTz, £72. ZOITH)
A & & HITMNIZE T D noradrenalink DEMNNRD Sz, 9 DIFRCRLEEIZBUVT
IRNICIBIT 5E 7 7 I UARSROFIENEE TH 5 Z L, JENiEE—GPR40/FFARL
TFNVRIEINETOE) T IV F T AR—F—[LETIT/RL, BET /T I MR
ERRIEAL T B 72725090 DEB LU LEOER L e b rlietEn it s s, £, MK
WIZH1T %5 GPRAO/FFARL o 7 F W A R T2 2 & T #1928 LOARLIEIR D #E
WZBAD D001 A T = X LOFEMDE & )M 72 D alREME D R STz,
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B MNOIREREOFEGNAL LTOT A hatA - OMEERHT

2-1. %

HEICBIT AR, N GPRAOFFARL (3R A DT B R0 5 ORRIE
Wrp EOEEEERERIEICBI 532 Z L 2R &7z, GPRAO/IFFARL O U v KE LTrbh
% n-3 REWIEED DHA 1%, 1EMHEEEE RO SWEHEOMEIZE N TR LTS Z &
G STV D P, IS HELT 5 GPRAOFFARL 130 7 & I EERED I B 5 = &
D EBPEEIRIFICEESD 5D DHA OBUIERR & REICHMANICB N THAE T TV D A
REERB Z HD, LLenb, EORIMAEIZ L > TN OIRIIEEA I < T b s
X ARBHTH -7,

JHP I IR 2 13 D i <3 7 ) TR FEL T D, FThH, TR ha
A M, MEMBEFI O v T 7 AR OB, £ -k L LT~ %
e ELIITOT- BABMRE R AT 5 Z & T IMNBRBE O IEFMEERICH 5 LT g M, &
HIZ, 7 A YA PRER LT HLEEOMRRRER 1. ATP 7 ElEffafBIc it <,
FRREHIAICER D A ENGE S E LTHO LTV D, MR LICRRT 2R I8%2 0 L
T2y P FIRER TUESE 5 P, L EOWEN G, 7 A hadA MIWNICIIT BT 7T
IREDEED—2ELTELZBRTNS,

HL< BT A Mt A MM ATP. glutamic acid 72 & ORIPELIZ)IGE L C DHA X° arachidonic
acid Z i+ 2 = L nE ST S %, ATP % glutamic acid 1%, JEA DA L OMEEIC
Bbs 2 Lnh, ERIAROEN L LTHERE SR TWS ¥, SBITRIcR VT, RiEIck
SEZ AL L RIEMIRIFET L~ U ZADOPIR T CTIX, 7 A A FoFREIER 5N
DHA &34 2% 2 L2 RHELTWS P, & 512208413, cyclin-dependent kinase [
EHITH % flavopiridol ZWLiE L, 7 A bAoA N OEFHEEZ (K T S5 2 & Tl S iz,
PLEMNG, BMER T CAEUDIREREOZEIIIET A hat A FnfEh LT AlEetk
DD,

FoT, BETIE, 7y MRIMEERRHREEET XA bt M EERL ., BRI
Hili# & LT lipopolysaccharide (LPS) % HIV T, LPS Hf% D7 A ka1 M 56N
BRENRED L & T A FahA N OREMIRREERERE I >\ TR LTz,

il

AREOHIIENED —EBIL, TR e L ThR LT,

1. Aizawa F, Nishinaka T, Yamashita T, Nakamoto K, Koyama Y, Kasuya F, Tokuyama S. Astrocytes
Release Polyunsaturated Fatty Acids by Lipopolysaccharide Stimuli. Biol. Pharm. Bull., 39,
1100-1106 (2016)
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2-2. FEBM BB L OU5iE
2-2-1. FEErRENY

Wistar 27 v b (iR 17 B Z BA SLC RS oiEA L, 4 0-4 Ao 7
v N EEBRICH W, B 24°C, {2 55+5% OBREE FICBWTHEFA 7 uh3 12 FFH
(AM 8:00 AT PM 8:00 VHAT) DEWNICTHEE Lz, el EEEE 5V = X VEERD) 5
FOKIZABICERS Y, £ TOERIT., AAREEZSNRET 28 ERICET 5
FHZPEW, FTo, MPFRRTFEMEBRDOKBZGTT o7 (K&« 14-19),

2-2-2. 7 v MRIMBCEHRHRIER T A et A b OfFER

7 v MRIMECE R RAMESE T A a1 NI Koyama & O FF{EZ 2 LIERL L 7= 60),
0-4 RO T v b AIKMIT TR MEL L, Wik, SMaft Lz, 2 Minimum
essential Medium EAGLE Joklik (Sigma-Aldrich, St. Louis, MO, USA) (Zi& L. K& FIiZ T, K
MR B 2 B U 7o, B L7 R 2 O R 2 RIBE L . BB 2 PR Lic, KRINECE
1%, D-PBS [NaCl 4.0 g, KCI 0.1 g, KH,PO, 0.1 g, Na,HPO, 0.57 g, phenol red 3 mg, MQ 7k 500
mL] X 0.05 mM EDTA % & trypsin (Gibco, Grand Island, NY) ({72 /%: 0.25%) (20
2 WP BEHET D5 ETHMCEXy T 0 7 Lz, BREEEIX, 37°C, 9 s S+,
HLRBOA— 7V MEM Eill = 24 ] [ MEM(+) ] (HKBUERRERSAE, B0, BA) [10%
NaHCO3, 200 mM L-glutamine (Gibco), FBS (Biowest, Nuaillé, France)] I ##E L. Ut %12
b SE72%, BiF10mL ZBRE L, BB LS80 MEM(+) Zinxf# L, B 10mL
ERTIR A= ANTF a—T ~3R LT, ZO#EEELZ 5 mL MEM(+)/brain & 722 X 50K
L7, EBiFE, RIS TGEOSHEE (1,000 rpm, 5743 Lz, EEZERZEL. MEM(+) 201z
Nly MEBREBEIE, 32 um OF A Ay 2@ L CERL, SFoNiEBEE 75
em? HiE 7 T Aa~FR Lz, 2NhE CO, £ % 2~—%— (Forma Steri-Cult CO,
Incubators; Thermo Fisher Scientific, Waltham, MA, USA) T 37°C. 5% CO,. tHXHZE 95% D
TR 2 HREIRGE L, R 7 7 A ad 37°C, 7 WfEliREE & L, 27n 2 U7 &At
U7y RadA MRS 72 5 R EMiE 2 FrE Lz, D-PBS T 2 [EIF# Lo,
0.25% trypsin Z & ¢e D-PBS #M%x 5 /RGNS ST, HFEDO MEM(+) %26
iFlb ST A but A S A REE L 7o, BT, IS TR L0 EE (1,000 rppm.5 43) L.
FiEEREL, MEM>+) 212 A8 S, 6 £7213 24-well culture plate (2 THE L, &
FHFEBRICH W,

2-2-3. LPS L35 K OHIR A= 1738 O FFAM

96-well culture plate (2 L 7= 7 A b ¥ A4 T 022 ym 7 4 b X —
(MACHEREY-NAGEL GmbH & Co. KG, Diiren, Germany) % F\» CIEiEJ&E L7z LPS from
Escherichia coli (Simga-Aldrich) % 1, 10, 100, 1,000 ng/mL & 72 % X 5 L& L. 37°C, 5% CO,.
M 95% (2T 24 FEfIES /R L7, i asiry, MR ERETH D
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2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, mono sodium
salt (T4 74 7 A7) ZUIML, CO, A Fa——|2TC 1 KRS
7=, Corona grating microplate reader (SH-1200; = & ;&SNS . Kk, AA) 1T, =
W 450 nm B L ORI E 640 nm (2317 2L AR IE L, FExBiaAfrR 42 R L7,

2-2-4. HOGSRE R G ks K OV REREAT

EE 15mm DB A=A T A (RIRMFLHE, KB, BA) IZT7 A Mo ML,
LPS 100, 1,000 ng/mL WL{EZAT -7 b D ZaemE a7 v b Ui, SEMALER
D-PBS T3 [HIVEH L. 4% formalin (& &7 A /L AF GRS, R, BA) 283
PBS 2T 5 MO ®%EEZTT>7, #%EE%. PBS-T [PBS (pH 7.2), 0.1% Tween20] % M
WT 5 2 DWEE 5 [EfTo7-, 3% BSA Z&ie PBS H1C 1 Biff], =iRIZTA ¥
2~_— L7z, —&¥Hifk & LT mouse anti-GFAP monoclonal anti body (1:10,000; Merck
Millipore, Burlington, MA, USA) Z¥#shI L. 4°C (2 C—Wafis & ¥ 72, Btté. PBS-T T5 4
LW E 5 [T o7, RPLIKE LT, Alexa fluoro594 (goat polyclonal anti-mouse 1gG,
1:200; Life Technologies, Inc., CA, USA) Z#shi L, YT, S|IEIZT 2 KA o F =2 X— |
L7z, —URPUAB KO RPUAIZ, Wb 1% BSA # &t PBS-T FEHTIC THIN L7,
VT, L TIZT PBS-T T 5 432 & D% 5 [HIfTV, 4,6-diamino-2-phenylindole
(DAPI) T 10 ZRILEE L, Bieta 21T > 7=, FE. PBS-T TP L. Fluoromount/Plus
(Dianostic Biosystems, Pleasanton, Canada) & MAS-coated glass slide (FATRAY 1 T2) % Hw
TEA LT, MfaREIE, LER L —V =S (FV1000; 4 U > i 2pRaliatt, H L, A
AR) ZHWTERRY 7 Eowty 77 v et L, #Hli L7z,

2-2-6. 7 v P RIMEBEBMKT A but o4 MMHiRE X OMREBIRO TR 22 5 )N
LC-MS/MS i+ > 7 i

6-well culture plate |2 CH:# L, EWLEZIT-72H D% LC-MS/MS Y7L & Lz,
B OEEET A Fat A ME D-PBS T 3 [HFE# L, BILAZ LA S—TEYEDY
Fa—T~ENL LT, MffRERIL, 15,000xg, 15 s OBl . BEEZHTRTF 2 —
TNEE LT, MR, BB ORERE T 2 — 7 ~BI L, im0 L7z B
Yo7l LTCTHWZ, CAPCELL PAK UG120 column: 1.0 mm i.d.x150 mm (&£ %, B AL,
HA) 259 2% Agilent 1290 Infinity LC (Agilent Technologies, Inc., Santa Clara, CA, USA) %
FAWT HPLC %#1T-7-, B#EHH (A) & LT 10 mM ammonium formate (pH 3.5) 3 L
acetonitrile (B) & M\ /-, i 0.2mL/min 12T 13% A % 5 2. 13% A 7°H 5% A %
5y, 5%A % 5 73, 5%A 5 13%A %5 43, 13%A % 5 SHEOIEIC S T Al
Fit U=, RRHlE O E BfENTIZ I QTRAP 4500 (AB SCIEX, Framingham, MA, USA) % F\\C,
IRHT 4 T A A F— RIZ T, selective multireaction monitoring (MRM) %4772, -4,500 V.
300°C |[ZCREHAIRZFZIRIL L, =70 75 —105V K FCTETA A 1bx21T-72%. —10
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N —22eV THEZEISHE, 777 A2 "M AV EAKR ST, KGRI [M-H] »
SigbNTa X s A (mliz 255255 C16:0, miz 279—279: C18:2, m/z 281—281:
C18:1, m/z 283—283: C18:0, m/z 303—303: C20:4, m/z 327—327: DHA) 7> HHFE LT, 45k
FERAEEIR 1L, B — 7 D O Mokt EfiE & -V TR L7,

2-2-7. 7 v MRIMEZERRT A Fr¥A b RNA fliHikds KO real-time PCR
6-well culture plate (2T L, EWUWEZIT-7=H D% RNA fifih 7 v L Lz,

RNeasy Mini kit (Qiagen, Hilden, Germany) % 1\ >CT RNA Zf#ifti L. nanodrop lite (Thermo
Fisher Scientific Inc.) % Hv>T RNA JEEEZHIE L7, PrimeScript RT reagent Kit with gDNA
Eraser (¥ 71 7 /34 ARtk W, HA) LU PCR Thermal Cycler (¥ 51 7 /34 A=
24t) AW T cDNA ZF5l L7=, Real-time PCR (%, ##Hl L 7= cDNA, Table 2 O%fE
primer, 33 J U FastStart Essential DNA Green Master (Roche Diagnostics, Mannheim, Germany)
%Z VT SYBER-GREEN JEIZT{To 70, FHxIH) mRNA 8L &E1E, housekeeping gene & L
T B-actin Z f\V 7= comparative threshold cycle method (** CT ¥£) (& - THEHT L 7=,

Table 2 Sequence of primers

gene primer 1 primer 2

cpla2 AAC AGA GCA ACG AGA TGG AAC AGA GCA ACG AGA TGG

ipla2 ATT GAT AAC AGA ACT CGA GC GAT GAA TCG GCT TCT GAG TA
P-actin GAA CCCTAA GGC CAACCGTG TGG CAT AGA GGT CTT TAC GG

2-2-8. HLEHFHILER

One-way ANOVA fE#T 21T - 72212, Dunnet’s multiple comparison test % H U CTHEFH#AY
RMNT 24T o T2, B TORERIT Y + FENERRFE (standard error of the mean; S.E.M.) & LT3
L7, AEZEL, fERE 5% L Lz,
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2-3. f R
2-3-1. LPS WL 24 WifEItE OYMEEET A ha WA MBI 2 Mg e L O L
1t

LPS (1-1,000 ng/mL) @ 24 BFRJALE X, vehicle #f & bl U<, MR FRICM S 2 L%
RE DN o7 (Fig. 6a), HINERET A hutA NI 5 GFAP D¥HE, LPS 100 ng/mL
F L 1,000 ng/mL % 24 HRIALET S 2 212K - T, vehicle BF & Helz LTI L7 (Fig.
6b).

a b DAPI GFAP Merge
2150- kS
8= -2
2 E
3100 -
N
>
E 50
= S
> p—
T (A —
© veh 1 10 100 1000 <=
(=]
LPS (ng/mL) o
[a W)
=18
S

Fig. 6. The effect of LPS to cell viability and morphology in the primary astrocyte.

a. Cell viability of primary astrocyte with LPS for 24 h.

(each group; n = 4).

b. Represent images of the immunohistlogical-staning of GFAP in primary astrocyte with LPS for 24h. DAPI:
nucleus marker, GFAP; astrocyte marker. Scale bars: 20 pm

Data are presented as mean+S.E.M.
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2-3-2. LPS ALiE 24 WefElfg OPIREEER T A kA M) L bEBERE I e & O figtT

LPS ALi&E 24 BFRE]OEESIZHBV T, LPS 100 ng/mL AL@EX, 7 A hatA MBI D
C16:0, C18:0, C18:1, C18:2, B3 LN C22:6 &% . vehicle Bf & il L CHEIZHMI 7=
(Fig. 7a-d, f), LPS 1,000 ng/mL /&%, 7 % b ¥4 MZFF % C16:0,C18:0.C18:1,C18:2,
C20:4, BLWN C22:6 &% vehicle #f & Lhig L CHEICHI NS 7= (Fig. 7a-f),

a [ vehicle b ¢
E LPS (100 ng/mL)
1500 BLPS (1000 ng/ml) 4001 7504
*k
* %k *
E 1000- 2 5004
= =
g B
o —
& 5004 56 2504
@] @)
0 0
d f
201
3 =)
g G
2 1 2
o ©
[=2] o
—_— o™
@] @)
04

Fig. 7. The changes in long chain fatty acids of astrocyte after LPS stimuli.

a. Amount of palmitic acid.

b. Amount of stearic acid.

¢. Amount of oleic acid.

d. Amount of linoleic acid.

e. Amount of arachidonic acid.

(each group; n = 3).

A one-way analysis of variance followed by Dunnett’s multiple comparison test. "P < 0.05, “P < 0.01 vs
vehicle.

Data are presented as meantS.E.M.
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2-3-3. LPS #LiE 24 WMt OFMER T A N a A NSRRI BT 2 bEEIRIImE & O iRt

LPS 100 ng/mL %L (X, vehicle #f & bb#g LC, LPS 100 ng/mL ZLElX, 7 A haHA k
B ICRBIT S C16:0, C18:0, C18:1, C18:2, B LN C22:6 BT HEHEA RS h o
7= (Fig. 8a-e), LPS 1,000 ng/mL #L{&|X, 7 A bu¥ 1 MERIETICHITD C22:6 &4
vehicle #f & bk L CHEICHEINZ 72 (Fig. 8f),

b c

] vehicle
B LPS (100 ng/mL)
B LPS (1000 ng/mL)

750+ 750 1 75
2 500 1 2 500 2 501
(e} (e —

& 250+ & 250+ = 25-
O O 3
0 0- 04
d e f
1.0+ 75 301
e £
) - 9
= g 50- £ 201
= ) =)
£ 0.5 NS £
S\ < o
% S 251 a 10+
&) &) O
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Fig. 8. The changes in long chain fatty acids of release from astrocyte after LPS stimuli.
a. Amount of palmitic acid.

b. Amount of stearic acid.

¢. Amount of oleic acid.

d. Amount of linoleic acid.

e. Amount of arachidonic acid.

f. Amount of DHA.

(each group; n = 4).

A one-way analysis of variance followed by Dunnett’s multiple comparison test. P < 0.05 vs vehicle.
N.D., not detect.

Data are presented as mean+S.E.M.
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2-3-4. LPS 4L 24 WL OPREGERT A b A MIBIT 5 cPLA;, BEL W iPLA,
mMRNA FHZA b

LPS 100 ng/mL #L{& %, vehicle #f & bb#z LT, cPLA; mRNA % E(ZHEMNEE7= (Fig.
9a), LPS L& 24 WO SIZFV T, LPS 1,000 ng/mL #LiE %, vehicle #f & i LT,
CPLA, B LT iPLA, mRNA #H E N X w7- (Fig. 93, b),

a [ vehicle b
[E LPS (100 ng/mL)
4 A [ LPS (1000 ng/mL) 1.5- ok
sk
3 4
1 .
| !
< <
| 27 =
5] =
0.51
l i 1
0 0

Fig. 9. The changes in phospholipases of primary astrocyte after LPS stimuli for 24hr.

a. The expression of cPLA; mRNA in primary astrocyte with LPS.

b. The expression of iPLA, mMRNA in primary astrocyte with LPS.

(each group; n = 3).

A one-way analysis of variance followed by Dunnett’s multiple comparison test. ‘P < 0.05, “P < 0.01, vs
vehicle.

Data are presented as mean+S.E.M.
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2-4. & 5

FE T, EWRB LOEEISRERERE T, MANCTAEL2REREOESHR L LT
TARaYA MIER L, PIREEERT 2 b a o ko5 OWEBEIRIAER O KT SV TR
L7,

AN LA BRFECMIRBEEMEIRIC X o T, RO R KB OREIR SR E OB E T
HZN, ZUVTHETHLT A hatA b7 a7 U7 OIEMECHEE - IEZ LN E T
5L BEMBNTNG B9 2 L b, AP A R A, ka0 —
HE LT, MADOZFRAF =B IABRRLBEYORZAMENBI G LD ¥, £72, 7R b
oA SO M NI X, PN~ DHA BV IAARIZEES4 2 Mfsd2a 723585 L
TWAZ b anTng ® g 7Y 7—mREEO 7 v X =2 NEETH L &R
THY,MHAILI har RYUTREDON T2 TE 5 aHENSTB STV 5 ® DLk
B, HRIETICRIT DT A b hOMEER JOREZS, M OB EREREE O R
WG THAMENEZLND, T T, 7y MAMEEREYREEET A had A b
ERLL | JEMEEBOT A s athA b OWERERIIEE K HEEIC DV TRET 2B 22 5 72,

FT. AMRETERT X YA M, ZOBBELEFET L2 Mmoo TS LPS %
QLR L, HEXSZAL 2T L=, 24 BEE D LPS MLEIC L - T, 7 A ba¥A b+ OHIaHHE
PERRYE S > X7 Thh D GFAP DI DN, 3 X OSHIfRR DILR BB bz, =
DEAGIE, RIEMEY A B A 0 ATP 72 IT XK o THERE F 7213 38 b L 7= e 7 A
fatA R TROOND, RONET A had A ME, MEER EOMOIREZE(L & 2R
DS, BEEALTEICERT L2 T/ TRREZBR L. BYWORAZE Z LM
HERTND ¥ Fi- BRIV TLZ Y TEIEOER SRR OME 2R S5 =
ERMEEINTVWS B b o@ENS, LPS IZL->TELET A FatA FOREER
IR, BRI EOIRIEICE S TR LT A hud A b ERERIC, RERIE D
HERERET DHRENRH D LR SN 5,

WIT, BOSHET A b a1 b OIS 2 BB ik D2 & fight L7z, 24 BERD
LPS #LEIZ k> T, 7 A hua¥ A MHIIIPAIZIW T palmitic acid, stearic acid, oleic acid,
linolenic acid, arachidonic acid, 35X DHA £ TN A BTN LTz, 7 A e
A MiE. ATP < glutamic acid #L&E(Z 3> C DHA X° arachidonic acid Z ki3 28124
LTWAHZ &b, T A MutA Ml TR L 7= ERERSmE S . st~ S h b
AR D D, £ T, T A R N OMEPNEEERRIAEE SN LR RSBV, T
A bat A MERIEA BRI L, BREPICE N D ERRRE RS2 2L T A ke
P N ORRIEEHRRIC OV TR 2B 2 e o 7o, BRI LI, RN CIEE L7
AT OWEHERR IR 2SN U= ok L, Mgk cHIn L7 AERAEE I DHA OAZTH 72,
ML, VU lREE ERE T ORE _EECRELN T, A TORE S, FiEtE, &
OB L > THEOITERBHIREN TV S 9 JEIERRIIIEAE R E < . — Bl
BRI 2 EH T 5 Z ENMbNTWD, ZOMICEH, IRE _EEPO Y VIFEICER

23



S, BER S D REE-OMIAE B A ET DB N7 o AR =2 = bRV IAEN
DRREDNEET D O, —H T, IO A =X A LTI, P T AR S —
ERNLTCOWDARRENRBRINTND L0, ZOFAMICE L TIERIEAHL SN Z N,
Bravo H DG, EENTERT 2B OREILX uM F—F—Th o Z L HHlES
NTWER P SEIOBHTHELNEDIE M A—F—Th-o7-, LLARL, S0
REHT invitro R CTORBFI Th o770, AERNTREEOZLDE Z > TV D i, EEE
(Z~ T A N T ORI P BEIZR D,

LPS WLERZRIZT A b ut A FNOIRPIAEIM LA = AL LTE, T RAR—
Z =% LT NEEE DY IABZREDHM, HDHWIT A ha¥ A MilRBEIZEER LY &~
HEE O DIEMEEH D 2 OHRBZ bivd, AERICER S 2 AFHEL TV DIEEERIL, fafn
N Nilis T % palmitic acid 35 XU stearic acid T& 523, MOMIEEIZIX DHA B L O
arachidonic acid 72 & O REIFINEEES B EICE EN TS, RIENEEIND L, U IR
Bz & £ 5 arachidonic acid (%, phospholipase (2 & > THIK R Z 52T, AN i
&7, arachidonate cascade O I & U CHERET 5 ™0, 7 & ha¥A b OBk O
RIERE RIS N T, BUEBEIRIER S A BT L T2 Z &b Mgk o g g o #5n
X, MRS T D IEMBIREEOZ(LEBIE L TWA RN B 2 bivd, £ 2T, JEl
feob) v H LIZES4 % phospholipase DB DOWTHFT 21T - 72,24 FEE]O LPS ALE 1%
cytosolic phospholipase A, (cPLA,). calcium-independent phospholipase A, (iPLA,;) @ mRNA %
HEICHIMEET-, 7 A Fa¥A ko phospholipase 1%, Bl A b L ZRRIES G 72 E I
L. EEBHINT S 2 ERMmHR TS T, Arachidonic acid 3 X T8 DHA (W,
UUAEED sn-2 ML LTV D T ENMBLALTHEY , ZREiL cPLA, BLD iPLA; I
Ko Tk fREZ S, B0 HEhs %, L Eofmis LOwEns, LPS QEIC L -
THEINTZT A bat A SNORIABEEHE NI phospholipase DIEILEEANZ S L T2 Af
HEMED & B, Phospholipase (2 & - CHlFHER! & 72 > 72 IRHARRIZ. Y VIREICEV AT N
Hft, I b RY T TOZFAX—EEARSICHWONDL Z ENEZ LN, SlEKK
H23FE8® bz DHA 1%, BB AR TdH 5D GPRAOIFFARL DV 77 R & L THEET S
ZEbmBRTVD B ATHISEICR T, RIEMEEIN FOMMAN DHA B4IICIZT = kr
YA NOFBLEDE) ZEZRHLTNS P, DiEnb, 72 hadA MRRE F Ik
WNORENIRE DEREEZFRE T 2 2 & T, MEICIEMBZ A ERORIEICEE S 5 Z L Rn&E &
SY LR

PLESE Z IRV T, e FIZB T DN OREIIERREE O 220X, ROGHET A ka3
A MBEETHZ AR LT, TA Mt A ME BHEFES D DWOHLRH6T% OF
MR R DFIE S K OYRREHIENIC I W CEHEREEHZ R LT D Z EMREIN TN D
OLT2EZEN  F TR, FERTIENEA L M®%u%£%é% [I7 A koA MR
B FORBBIENAREL R o722 & T, MBI LIZT A bt A FOREENRRDL Z &
HLMESINTND, IMNOT A hat A &S Ltﬂaﬂﬁ@ﬁ""iﬁﬁuﬁﬂ%ﬁ R ORI
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o T, BRSO ERRE SR T 2 S OIFRE T2k T DN L O O/ K E I Lizy
7 F VIR OSSN0 D T ERHIRFE N D,
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A b L AHEVRPEPIR IR 31T D I U > BB OffpT

#
!
i

31 =

F—HFIZBUW T, GPRAO/FFARL * 7 F A NMEEIERE DRI AL D Z & F7o, HF I
BWTIL, BIERFIZB T 2N ONFEEREE ORI IX, 7 A hath A MAEETLZ &%
~ LT,

R H DI, BHIEREFTICEL AONHADEIETH D, A, sHlKEkAR L

;%%éﬂt7/b%%w1%ﬁ@ ERET VAT HE ANV RIZEELTD
RNT w b E B LT, AR R R TS LS T E B, SO ICEKRICE
W, ITRTIC AR ZER O TRV EF I B W TR AR T 2 2 &0, 5 DRREEETIC
B TITEMEERORIELENENZ LRI TE Y, HESERFIIRAOEER IO
BT B 2 ATREMEAVRIR STV S B8 L L s, EEikERT 2807 X
N L ARFRIT Ko THE U 21EMER OB IRR L L TRIAZREAR L,

U UNREIIMIC BT DIRE O R Y2 HH TR0 . Mla O RERER-OmhRedh 2 5 P 2 B0
TR O A S, T OHERICIZT AT UESZ0 LT 2 SOfRIBRIEE L TR
0 . kS fREESE G5 phospholipase (2% - CHINE S A, JENSEE S HEEES % 9, Z o=
B, EENICET DIEMBRERIEO—>TH D EEBEZ LTS, MEETE, 5 O
PRIE IR FEMETE IRV TIE, ARIMERSCILIE ., ATEHRVE., TR AU VIRENEET 5 2
RSN TND B2 K510, ZnsoFEE T TP OIENB. T TH n3 A5
iR T&H 5 DHA 23 LTV A Z L RSN TNS 349 A1t JREETFICBIT 5 Y vl
B ORAHE D NI EERET DZ{b7)Y GPRAOIFFARL < 7 /L DREHEIZ D 7278 B AT EMEAS
Ezbhb,

FoT, B=ETIE, KEAX M AREFEEEBMEIFET L~ A2FER L, KN Y
VIRE O R 21T o 72,

KREOHTENEDO —HIE, TrROmXE L TRE L,

1. Aizawa F, Nakamoto K, Tokuyama S. The involvement of free fatty acid-GPR40/FFAR1
signaling in chronic social defeat stress-induced pain prolongation in C57BL/6J male mice.
Psychopharmacology, 235, 2335-2347 (2018)

2. Aizawa F, Sato S, Yamazaki F, Yao |, Yamashita T, Nakamoto K, Kasuya F, Setou M, Tokuyama S.

N-3 fatty acids modulate repeated stress-evoked pain chronicity. Brain Res. (in press)
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3-2. FEBEEHS K OHIE
3-2-1. FEBrE

C57BL/6) Bkt~ 7 A (HEME, 8 M) LW ICR R~ v & (HEME, 5 #HEw) XAAK
SLC MRSt DA L7z, C57BLB) B LN ICR Sffi~ v A, BN KU 7%
1To7ct%, IR 24°C, WL 55 £5% DBREL MW THRE A 7 L7y 12 W (AM 8:00
JSUT. PM 8:00 VHAT) OENICCHMETE Lz, 7238, EREE (45U o ZVEER) B X
OUKIZH BB SE e, 2 TOERIL, AARKHEZSNRET 2 ERICBET 2t
ZHEW, o M ERERFEME B OB ES T 7 (K& =5 A15-12, 16-10, 17-10,
18-03),

3-2-2. RBREBIOITHRBRA 72—
R A b LA RHER L OSMEITEENTIT Fig. 10 D27 Y 2 — /Wit > TiT - 12, I8 A
N L AT OEEEIE S LT, Cohort 1 TIIAESMMAEMERARBRB IO —T 07 4 —
)V RERBRZ1T o7z, Cohort 2 ClEthaMME AERARERE L O SR ATk B 21T o 72,

7 d?llys 10 (ilays 24.hr Cohort 1 OF
I f 1 I f \ Ir 1
| . | | SI
Isolation SDS [ EPM
Cohort2

Fig. 10. Experimental schedule for making repeated stress induced-chronic pain model mice.

SDS, social defeat stress; S, social interaction test; EPM, elevated plus-maze test; OF, open field test

3-2-3. &AL A R LA (SDS) 1281F % Resident ~ 7 2 DR

Resident ~ 7 A{%, ICR ~ W 2% HT Berton & D#4E 9% ¢ L ofER L7-, 3 JE[H
FBREHMEEZ1To7 ICR w7 & (8 Hlm) 1%, M - RESFRRZEORENE ICR ~ T &
ERICT—VIICAIL, 77 UNMRTr—U% 2 DICHEEI D | EEEALDS T X oWV EIRIC
T 3 HEEE Lz, 727 VAMRIE, B2 b0z2EHA L, B/ LelTs 2 LT, & -
BWEDORBREERPHFEOND L9 LTz, 3 HET 7 ULIRERRE, % ICR ~ 7 ADKE
M (KRS <30 7)) 2 1 B 1 [[@ (PM5:00 LARE). 3 HER L CaMliL7=, 3 HM®
FEMIEAS T4, ICR ~ 7 AL PR AR B 2 #ERF L7, SDS (ICHW DI, SBRICHE
9% C57BLIB) ~ 7 A L (X H/A5H M C57BLI6) ~ v ATk DM 4, Eik &[R4
R 3 HRIEREAEM L, X0 BEREDNE VY ICR ~ 7 A 2 M4 (S L7z,

3-2-4. SDS
Intruder & L CH% C57BL/6) ~ v A XidBR 1 HMRTH S BEMEe T 2170, BEfF O

R L=, SDS 1%, AR P L AB I ORTEH A b L AEZAAEDE 10 HFEE
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e TIT> 7= (RSDS; repeated-SDS), C57BL/6] ~ 7 A%, RSDS iR {AE 2 & Litsk L
720 Fig. 11 126V, A7V —=0 70 & » TEEBICHIH SN2 ICR ~ 7 AD 7 —P|2
C57BL/6) ~ 7 A% AL, 5 O KRHBEICRETE S (A N R), 5 5%,
R A ML RICERBSINTRT—V % B T/NMLOBEW=T 7 U AT 2 DIZ[#ftE)
D, F BN EDGEERB GO NDKMT 24 BB L7- (EREMA RLR), 10 A
MoRERT, SDS 1ZEHEARD ICR ~UAMLEBRSND L oI Lz, HTENE. &
EOBRTEHIA b L ZZRTEND 24 KR IS HEATEYRER S 2 VTR L 72,

1 session
li . 1
Physical Sensory
5 min
“n 3 /é’ M
e )T e H

Fig. 11. Experimental schedule for exposed social defeat stress.

3-2-5. Fhax AR AAE R

RSDS #BEIZL DA N L RESZMEOFHMIC AV, #h MR AAE R O 3R BR S 1R 1356
—EOFIEICHEL T To 72, RBUCHVD CE7BLI6 ~ U A ITHMEF OMRIETHRER 1 IF
M2 5 BRBR BRI NE L S B 72, ABRIE no target 38 L TN target @ 2 DR HIERL
SND, =7 7 4—/L RKO—4lT interaction 81k, & OB O HEIZ corner EIk A
BRI, 74—V R 8 & 2lux L 70D X OITERE L7, Interaction FEIBIZZEIH T/NL
DHLFEBEE A —T 27 4—/L RIZ C57BLI6 ~ 7 A% At 2.5 HRIBEHICHERSE-
(no target), C57BL/6 ~ 7 AZfAH 77— ~R L7=1%. interaction fEIKIZEW\7=FFDHIZ,
B R OREME ICR ~ 7 A% Ahviz, C57BLI6 ~ U AAXFET 4 — /L R~EL, A
FRICHESR &87- (target), No target 355 ON target (238 1) DB ENIHEE, interaction fEIEF K
O corner FEIIC IS DIFERFM 2 IE LTz, 1TENIA—7 > 7 ¢ —)L B EEBIZERIT 7= web
HATTHRE L, TOBEZ ANY-maze (7 LA A = 2« £ F TS 20T
HIE « it Lo, BB THRICA—7 07 40—V B X OFHITKTIER L, +oicigi
S, AN L AEEZMEL Krishnann & 055 %% 5212 social interaction ratio (SI ratio =
time spent in interaction zone during target / time spent in interaction zone during no target) % & H
L. 10 UFZR L RAEZMEHY & U TRIMEE L7,

3-2-6. F—7 27 4 —)L NRER
F—7"0 7 4 —)b FRBRII B B EHEL X OARZEHITEHOFEIC AW, F—F=0Hik
WA U T, MM EERREBE T 1 KRR T 72, BXEBET, RBREERToRE

BIEEE A . RNLREITENIEBRIREIC 6% center FEIK~DOIFIERA B L, 25l L 7=,
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3-2-7. AR AT R KRR

AR A FAR BRI AR LT OFHMIC AW, RO FIEINIAL T, #hatMA
TERREBRE T 1 RIS T o 7o, NEHRITENT 4 RO arm OB FHHEIERFREIC 35
open arm DR Z B LR L 72,

3-2-8. i€ 7 /L DR

hit4 98 £ 7 /L~ 7 A Brennan 3 L% Pogatzlai & D4 & s ERIL 72,
Pentobarbital (65 mg/kg, i.p.) (2 & > TR RERE i LALE 21T - 72, IEMRHHE R Z R L
10% povidone-iodine Z IV CTH &R EH 2 Mm%, BB 2 M 6 D FJeicm T% A
ZRAWT S mm BB L7-, ety MK 2MAOF & EiFa 10 B, A AZX 55
WOUIBR% 5 EATICH L7=1%. 6-0 7 1 THA L. - 10% povidone-iodine TH475 L
7o (ope Bf), 1&FIEE (sham Bf) X, BHFEE . HZEEEEIZ 10% povidone-iodine
IZ K DWHEED L N LAER LT,

3-2-9. von Frey 7k

von Frey aRBRIX, AR )3 2 KBRS OFHIIC AWz, ~ 7 A %4# 5 X 5
mm) FIZE &, 2-3 REfEE L S 7z, BEAYHRITIZ I von Frey filament (7 L1 A =
X'%TT%ﬁA&)%%Pko7?X®&%@M¢M%L\@*#42@ﬂMmm%%
REHT 2 £ CHEEIZ 6 PRI LY T, MBS (BIEEZIRD, D, White) 28152 L
7oo ZOEMEE 10 FIFRD R L, KBS A R LIz EcR FRdk Uiz, RRBERS [ o BN
Z B BRI 2 e » & U CREI L 72,

3-2-10. MALDI-IMS i) A {Efeds L O° MALDI-IMS

firImat 7 BRICRIT 28~ U A 28RN L LRI ST, Wod L aida st L
7o BIITESLNC F T AT A AN THR L, FRICHWDE T, U7 edkic
-80°C 2 CTHRE L 7=, MX#AMIE Cryostat (CM1850; Leica Microsystems GmbH, Wetzlar,
Germany) % T, JEX 10 um ORI & L7=, Phosphatidycholine (PC) 7 /L Dk
Wiz, < MU » 27 2 & LT 25-dihydroxybenzoic aicd (DHB) (50 mg/mL DHB, 20 mM
potassium acetate, 70% methanol) &K% FH\ 7=, TM—Sprayer (HTX Technologies LLC, NC,
USA) Z MW T, DBH Wiz RIRUIF ~ —ICEF L, WMAT A RT T 2RI
Bradykinin 35 X O angiotensin-11 (Sigma-Aldrich) 75:(%&73[1 L, ¥¥ VT L—varRAZ o H—
FELTHERALE, U ET Y7 —%—%HW\W TS, MALDI time-of-flight
(TOF)/TOF-type instrument (355-nm Nd: YAG laser, rapifleX; Bruker Daltonics, MA, USA) % H
WCHIE LTz, & PC XA T 47U 7L 7 harE— RTHHr LIz, PC O 7LV
I% control #£ [PC(diacyl-16:0=18:1)+K]" > 7' /MZkf 4 D FExH8E & LTt L7,
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3-2-11. FEMB LGRS V2 —b

DHA (97% ethyl ester; fiRifbactkaastt, M, BAR) [ XTEFREW L%, EHERET
-80° C I TR L7z, DHA IZfEHERTIZ 25 mmol/kg/mouse & 725 X 9 12, 5% arabic acid
(FTH 747 A7 KRREH) 2E0AERRE/KIZIEE S, 4 SDS E%iC 1 H 1 [\, 10
HREIKER &S L,

3-2-12. HERMFHIALE

HEHFHIALER 21X Graph Pad Prism version 7.0 (Graphpad Software, Inc.) % v 7=, 2 £
DHEIZIE, F MEA{T- 7%, Student’s t test % I\ CHERFHARIRNT 24T > 7=, tE2MEAA
HAEHEERF KO von Frey #BRI%, two-way ANOVA fi#tfr 217 - 7-#I(Z, Bonferroni's post
hoc test % W CTREGHARINT 21T o 72, & TOREFIT Y £ N (standard error of
the mean; SE.M.) & LTHR L7z, AEEIL, GHRE 5% 2#HEHEL L,
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3-3. i R
3-3-1. RSDS HFBE MR R L OESMEATENC KIE T2

RSDS ##(X. non-SDS Af & bl L CIREIZIT /A BB E 5 2 72~ 7= (Fig. 12a),
non-SDS #£F LY RSDS #f (non-susceptible 7213 susceptible) OB ENRREEIZ, W 40z
BT notarget &bl LT, target (CBWTAHRICHED Lz (Fig. 12d), #E&MEAE A EA
ARERIZF\V T, non-SDS #E( target (Z331F % interaction FEIK O HFERFE]IX, no target & kb
B L CHEICHER L7z, — 5T RSDS #f (susceptible) @ target (2351} % interaction FEI
DOFFTERFEIIEL, no target & bhlg L CHEICHEM L7z, F7-. target |Z351F 5 interaction fH
RO WAEREIE, non-SDS # & b LT, RSDS #f (susceptible) 123V TH BN L7,
RSDS #f (non-susceptible) (Z331F % interaction fEJk D F7ERF 1T target 35 KO no target
WL EbE RS 2o 72 (Fig. 12b, ¢, e), RSDS &% (susceptible) @ target (ZF11 5
corner FEIROMIERFFIL, no target & bl L THEICHER L7z, £7-.RSDS #f (susceptible)

@ target (23515 corner FEIRDUFTERE X, non-SDS #E D target & bk L CTHREICIER
L7= (Fig. 12f).

o
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RSDS RSDS
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Body weight (g)
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o
o
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o
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o

1l non-SDS 0O OO0 © © 8
0]- Ll T T T T T T T 1 T T T T 1
1 23 45678910 4 ) 5 6 7 8
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d O non-SDS
RSDS RSDS (non-susceptible)
C on- B RSDS (Susceptible)
~ . : * §8§
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5 § 1
: 2104 |
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Fig. 12. Repeated-SDS (RSDS) induced decrease social behavior in mice.

a. The time dependent changes in body weight during RSDS.

(non-SDS =6, RSDS = 6).

b. The profile of Sl ratio at completed RSDS. Gray area represents susceptible (low social behavior).

c. Represented moving plots between three groups of mice both no target and target session in SI. White dots
square represents interaction zone. White solid square represents corner zone.

d. The total distance moved during each session in SI.

A two-way analysis of variance followed by Bonferroni’s post hoc test in the difference of distance (target X
RSDS: Fy04 = 0.2063, P = 0.8138, target: Fy 504 = 70.44, P < 0.0001, RSDS: F; 04 = 11.68, P < 0.0001).

e. Time spent in interaction zone both no target and target session in Sl test.

A two-way analysis of variance followed by Bonferroni's post hoc test in the difference of interaction (target X
RSDS: Fy04 = 22.07, P < 0.0001, target: Fy 504 = 0.01589, P = 0.8998, RSDS: F; 54 = 2.736, P = 0.0672).

f. Time spent in two-corner zone both no target and target session in Sl test.

A two-way analysis of variance followed by Bonferroni's post hoc test in the difference of distance (target X
RSDS: Fy204 = 6.106, P = 0.0027, target: Fy 504 = 12.67, P = 0.0005, RSDS: F; 54 = 7.870, P = 0.0005).

(non-SDS = 61, RSDS (non-susceptible) = 29, RSDS (susceptible) = 43)

“P<0.05, vs. non-SDS (no target), 'P<0.01, vs. RSDS (non-susceptible)(no target), *P<0.01, vs. RSDS
(susceptible)(no target), ¥P<0.01, vs. RSDS (susceptible)(target).

Sl, social interaction

Data are presented as mean+S.E.M.
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3-3-2. RSDS &S NELARITENC 1T 5%

A =77 4 =) RRBRIZE T, RSDS BEORBENEEIL, non-SDS BE & il L TH
BCW) Lz (Fig. 13b), RSDS BE0D center SEII~DWMFERERIIL, non-SDS &f & ki L A
B L7z (Fig. 13a, ¢). RSDS B peripheral S~ ERFRHIE, non-SDS B & bl
LCHEICHIM LT (Fig. 138, d), @Al -3k EaBRIc 50 T, RSDS #E0> open arm ~
DIRAZEIE, non-SDS #E & Ll L CHEICEA LTz (Fig. 13e, f), S 512 RSDS #£ open
arm ~OTEREEIL, non-SDS #f & bhilie L CH B IZAHE L 72 (Fig. 136, g).

a b Jnon-SDS C d
EWRSDS e
non-SDS 30 40+ 2 300- *
ey 304| [ * E
?;;20' *E = 2001
= =
g 2 20- S
a.) —
£ 107 5 £ 100-
% 2104 =
A § B
0 “ 0 S
% Open arm
Enclosed arm
¢ B Plat form f E}I{glil)—gDS g
~ 20_ 10'
non-SDS RSDS = | <
) < 81
E 151 ©
2 =) i
Lo ¢
o Y7 sk s 4
g = 4 k%
i =
=0 S 2-
2 S
o0 0
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Fig. 13. RSDS induced anxiety-like behavior in OF and EPM.

a. Represented moving plots of both non-SDS and RSDS mice in OF. White dots square represent center zone.
b. The total distance moved during experiment in OF.

c. The time spent in center zone.

d. The time spent in peripheral zone.

(non-SDS = 18, SDS =18).

e. Represented moving plots of both non-SDS and RSDS mice in EPM.

f. The ratio of open arms entries.

g. The ratio of time spent in open arms.

(non-SDS = 11, RSDS = 19).

Statistical comparisons are performed using unpaired-Student’s t test; P < 0.05, P < 0.01, vs. non-SDS.
OF, open field test; EPM, elevated plus-maze test

Data are presented as meanS.E.M.
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3-3-3. RSDS @ MMITHIRALE 12 K > TH U D HhA0IR T e s K IE 3 2k

von Frey #RBRIZISUV T, sham #LiE % L7= non-SDS #£E 1L 8 RSDS A D H bk i)dm Wi
PEIE, IR A RIS L OSRRHMEIO U238 T % baseline & [RIFEE CTd - 7=, non-SDS
FEOMT R AR RN B T BEAYTR BB, non-SDS/sham i & ik L TIN TR TR Ak
1 BELGAEEICHEML, 1% 5 A BIZIHA L7z, RSDS BEONZIEALFMIIZIHW T,
Bt rYJR TE MBI, non-SDS #f & AR RAER 1 A H LA RIS L, RSDS #
DI Im A RN 3 1T 2 B tRpoTm U, 1% 21 B B £ CAEICIER L7z (Fig. 14a),
Witz A A Z BV T, non-SDS 3 LY RSDS BED W T b IR IR AL % O SN2 1
far 528 b %R & 7e o 7= (Fig. 14b),

a -O- non-SDS/sham RSDS/sham b
-@ non-SDS/ope 4 RSDS/ope
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Fig. 14. RSDS induced mechanical allodynia prolongation.

a. Time dependent changes in mechanical allodynia of ipsilateral hind paw.

A two-way analysis of variance followed by Bonferroni” s post hoc test in ipsilateral (time X surgery: Fyg s =
13.76, P < 0.01, time: Fy4 45 = 18.11, P < 0.01, surgery: F3 5 = 147.1, P < 0.01)

b. Time dependent changes in mechanical allodynia of contralateral hind paw.

(non-SDS/sham = 5, non-SDS/ope = 6, RSDS/sham = 5, RSDS/ope = 6).

“P < 0.05, P < 0.01, vs. non-SDS/sham, *P < 0.01, vs. non-SDS/ope

Data are presented as mean+S.E.M.
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3-3-4. [BYEEIR RIS T DN U AR O JRFEfRAT

von Frey iRERIZISUVNT, non-SDS BEDIN% 1 H B2 20 7 BIfIX, sham Bf
EHIG LT, AEIKT L, itk 7 BEIZWHA L7, —77. RSDS BEOHAJRE I RE &
itz 1 HEICBWTHREIZIK T LA, 2HUEiitg 7 HH E THEIZIEE L7z (Fig. 15a),
Non-SDS/sham #EIZHU T, PC 16:0-16:0 3 XY PC 16:0-20:4 [XRIEEATE 35 L URSRIA %
ETeRTHEERICHRA < 9 LTz, & 51T, PC16:0-22:6 3 LT PC 18:1-22:6 X RMEE
IZEEIZRE LTV o, PC18:0-20:4 [XHNE K OMEREIZ /34 L TV /-, PC 18:0-22:6 13/
JRIC B ITAFAE LTz, PC 18:1-20:4 13RI /54 L T 7z, non-SDS/ope BEIZFU T,
itk 7 B B O TIL PC 18:0-20:4 LI4L 0 PC IXRTEEGEMIZI T, non-SDS/sham #f &
b LT L7z, —J5C. RSDS BflZ#1F 5 PC 16:0-16:0, PC 16:0-20:4, PC 16:0-22:6,
F L PC 18:1-22:6 (X non-SDS Af & b L C, MEEd L ORI EIZ RV T Lz,
RSDS A£IZH\NT PC 18:0-C20:4 1T H M L OMERE T, PC 18:1-20:4 [Z &M TR L=, &
512, RSDS BEICHIT D PC 18:0-22:6, PC 18:1-22:6 1ZHE FEIZHE VT L=, & 51T,
RSDS REIZEBWT, 2T PC I sham #f& bl LC, igTRAEIC L > TEHIcEd L
7= (Fig. 15b),

O non-$DS/sham {7} RSDS/sham
a 4 non-SDS/ope 4 RSDS/ope

Days after incision

b Day7 after surgery
PC 16:0 16:0 18:0 18:1 16:0 18:0 18:1
s 16:0 20:4 20:4 20:4 22:6 22:6 22:6

Control

Sham

RSDS
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Fig. 15. RSDS induced alteration of PCs in the brain.

a. The time dependent changes in paw withdrawal threshold in ipsilateral hind paw.

(non-SDS/sham = 6, non-SDS/ope = 6, SDS/sham = 6, SDS/ope =5).

A two-way analysis of variance followed by Bonferroni’s post hoc test in ipsilateral (time X surgery: Fg o4 =
4.139, P = 0.0054, time: F, », = 22.70, P < 0.0001, surgery: F3 »4 =5.367, P <0.0057).

“P < 0.05, vs. non-SDS/sham

b. Representative PCs distribution in the sagittal brain section. Color represents signal intensity as percentage in
mass spectrum. All groups were measured through three sections. Scale bar: 2 mm.

16:0, palmitic acid; 18:0, stearic acid; 18:1, oleic acid; 20:4, arachidonic acid; 22:6, DHA; PC,
phosphatidylcholine

Data are presented as meanS.E.M.
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3-3-5. DHA i #% 5-7% RSDS &% D ANLZERATENRS LU RSDS # SR 12 AT/ 2 A2 K
EIr -7

DHA % RSDS HIlHOWTHIZIW T, vehicle #f & bhlg U CTREICIT 2 A B AL
5.2 72hho 7= (Fig. 16a), M8+ EaBRIC BT, DHA & 58£0 openarm ~DRA
UL, vehicle #f & el U CHEICHN L7 (Fig. 16b,¢), & 5 DHA £ openarm ~d
WTEREREIE, vehicle #f & bbiE L CHEIZHEIN L 7= (Fig. 16b, ), von Frey #RERIZIUNT,
vehicle #f3 LU DHA #GHENT U N T D, 5% 1 B H OAYR R EEA sham
BEL L L CHBICIK T Lz, DHA 585X vehicle Bf & bl L CHfit: 7 B HICRITD
BMR AR B O Rrfse &2 A B IS S L7z (Fig. 16e),

a
{O RsDs/vehicle JlF RSDS/DHA
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O
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2 24-
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1 1 1 1 T 1 T 1 1 1
1 23 4567 8 910
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Fig. 16. The effect of DHA supplementation to anxiety-like behavior and mechanical allodynia
in RSDS.

a. The time dependent changes in body weight during expose RSDS.

b. Represented moving plots of vehicle or DHA treated RSDS mice in EPM.

¢. The number of entries into open arms in EPM.

d. The ratio of time spent in open arms in EPM.

(RSDS/vehicle = 12, RSDS/DHA = 11).

Statistical comparisons are performed using unpaired-Student’s t test; "P < 0.05 vs. RSDS/vehicle

e. Time dependent changes in paw withdrawal thresholds of ipsilateral hind paw.

Atwo-way analysis of variance followed by Bonferroni’s post hoc test in ipsilateral (time % drug: Fg 57 = 5.726,
P =0.0001, time: F, 5; = 39.95, P < 0.0001, diet: F3 5; = 18.85, P < 0.0001) P < 0.01 vs. RSDS/vehicle-sham,
1P < 0.01 vs. RSDS/vehicle-ope

(RSDS/vehicle-sham = 6, RSDS/vehicle-ope = 6, RSDS/DHA-sham = 6, RSDS/DHA-ope = 5).

Data are presented as mean+S.E.M.
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3-4. & %

=TI, A OEBMEIC T D IEEIEREREE OB LA L) T 570, KIEA
FUABRBEET NV ERWTEBRERET L~ U AOERZITV., S HICHONFEEIREIZ D
WTTRRRT L7,

RSDS % 1-5 HM DT CIXIHFEEREZ AR D3, 10 H RIFEE kG L %%
T 52 L THEMEDIR T S o, RNEHRITHRROOND, £D-H, RSDS #FEET
L, DHISMER A b L ARRES S D ED A b L ABIEYR B OFREMAT IV ST
W5, FEERIZ, O OFEE TS OFRHTAERIME T L TW D AR R S LTV D
23, SDS BEEZET /N~ U AZEBWT G [RERICHSE OMH AR T 2ARE S Tnd, Uk
D LB, RSDS v U AL, ERKD 5 DRI EL Lo EhifERE 2 R L-ET L
ThdrEELZHNTWVS, Berton 3L Y Krishnan 512X > T, RSDS |[Z&£E I L=~
A DITENT A b L A ffE59E (susceptible) & A b L AHLHIME: (non-susceptible) @ 2 > 7L
—FNPND ZERHBESHTND T 22 TEP ZNDOBEICHE RSDS B
Lo T, HSMHETEIOK FARO HILD 0 EMRE L7z, non-SDS #fi target (235 T
interaction FEUE DO WFERFR]SHIN, Rl B A MEATENZ 7R L7212t L., susceptible Bfixfha
PENEREIIE T L7z, L2 L7235 non-susceptible TlX 26 OB LITERD Bz o7z,
Non-susceptible ~ 7 ZIZH W TIE, FHEMEITEIOMR F 358 O SRV REARITENC D
VT susceptible & RIBEDFERPHEOND Z ERWESN TS P, 22T, A= 7
4=V Rk & @28 NPk R ER 2 W CRZRRITEN 2 AT L 72, W oRERIZE W
Tt RSDS DEFEI K- CTRERITEINENM LT, A b U AMagHrElc & 2 & FiEEifTE
EWE LT, WELSMNC S FBIOHIEICBE ST 2 AEARTICB T2 e XA hroT B F
ILDTTHE, BT EY = 3T 4 v 7 RIAL B G 5 iR R Sh T g 9, £7-,
DN R SIRBEST A FBEA R L RAET L~ 7 22N T HETEERTE B8V T
OB EE SN TS 1) RSDS BFEIC1E 5 AL THIO S TMAER O R EICRI LT
TS DICEEMARF A LETH D,

LR D DRERIT, IBVEEIRBE OFEEUA LI 5 DM H 5 *, RSDS
B~ U ABFERROIERZ /R LI Z &2 RIS, RSDS 2~ U A& AWV TR £ 7
NEAERLL | R ORI OV CREI A 1T - 72, 1i7%9% (3 Brennan 35 XU Pogatzki (& &
5TTy PRBIUZ Y ATHERSNIIEHET L Th 5 T, & MBI IL, Al
HE O L LICEE S 5, 2, vV RACBWTH, A b LARRBERMICIS O TE, i
IR ALE % OFSRAOR R0, 1 WANICIEAT S 2 LG S Tns 10, FEEYK
WP Lo T BIEERIT WERICHERBIR 282 TRt T o) L RBLSLTH
5 Y, 22T, AR BB AICRE L, RAROREIM A2 RET S 2 & T, A
DEMEALIZ DWW THFT L7z, RSDS BHIZRWTIE, 5. BRI 3 D1k 1
] ORERIZ B W T H A Rl oI, B HEBITEOEENRD vz, Fiz,
RSDS #EIC I 1T 2 BAAYR R O L, & 3 BT h7z - THifit L7z, BLEO#FER)
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B, ALV AORERBRIZL o THEBMEERELSFEIND & L bIT, BAOBMEILRAEL S
ZEBmRESNT, 7y FEHAOWERFHIBW T, ®ilillKkIKA ML AITHEE L72% T
GABAx ZAIRDIHEALME 2/ L 7= MR A0 BB U B Z L i ST g 19,

F7o. A MLV RBICA U B RIETLENHEBICEEL TWA E WS ML H 5 9, L
LR G, ZA6IIWTNnbiEAaL ETHIEET 2HFHICB T 22 TH Y . Fihk &
OV A % B ACEOIZEREN - HEH T~ D IMIC BT DEHTIZ E A ER I TR, v T AIZE
T RSDS D&BEIL, HENZEET 2 ATHREE OIE L2 7FE T 5 Z L AWE ST
5o Flo, TOMOBEEIRICE W THEMRIFEIOZRNAETL TNDZ ERRINTND
108109 = L7, RSDS BT L - TH U B MO ZE AL AN A DRI I B %
FIELTWDAREMENR B D, T E OB EEOB L2 0B IEE CHR STV d, ik
BT DIEE O R L OEMZRZEIX, 5 ORORERIEL & O FEEERY. B
LBV DR IEIA & B L TV B LRI ST D 219 L Lans, Zhbll
BEEALDED EOFEITHE T TWD NI ST e -T2, BN OIEE D2 < I3 afsE
RS THDE 7V tul VIEENEDTWD, £Z T, A b L AFHEMEEMELRET LV
~ U A% AT, BIEER FOMICBW TV 'r ) VIFETHDH PC ORITEMNT 21T -
o SEIOBEMNG, BAEO~ 7 ATIE, faffEiiEECTH 25 palmitic acid (C16:0) %5 A
72 PC 16:0-16:0 # KO8 PC 16:0-20:4 |ZRTHHATEFICEE ICHA/EL T e, 72, DHA &F
PC I1ZRE., K, IERECBICEFICE EN TV, L LR, RSDS &FE~ U AIZE
W, WTROMEIRIZB W TH 2D PC IdA LT, £72, itkmAiE 7 B H
@ RSDS #£® PC (X, RSDS & HMAEF L OV non-SDS Af L bhls LT, & 572580
AT, ATEERTE LT AMICFEELT 5 dopamine {EENMEFRER. serotonin VEEHM: RS,

noradrenalin YEEWPEARR I IR I THFEMERE ORI B R R E 2 7 LT D, Fiz, e
JEREIZ I, PNIRPEESR SIS O —Cdh 5 AR IR AFMEL TR Y | A O]
HHH-oTWD, EATAFRIZEW T, HREIKKA b L ARERICIE, 815 SERITE O3 H
LHRIT, MEBICBWT DHA 2S04 2 L2 MELTWD 2, B TIE, BrIgmes
® DHA BIOZTOMREWITED LTns 2 b, £72, BHAYIC DHA &5 T EPA Z1E
BT 52 LiC ko TRANERT S 2 L nmbin T g P8I0 - Ao PCEHTIz
TH. DHA 54 PC X RSDS ##IZ L - Tl L7z, #2C, RSDS ZEMIM+IZ DHA
G L, HEMTENIR X OYRIRITEI O R 0 I S L2 A MET L7z, DHA % i
B L7z~ A TIL, RSDS #FEIZ L » TRO LN ALEITEINSE Lz, 72, DHA X
RSDS &#&IZ K o THA U DINERIRALE 1 5 B a0 i o e R 2k s, Yo
FERND, A ML ARBRICECTEMAO Y VIREOLEEIIAENROBRED L, FHiC
DHA DD % LT- AREFATENORBL, 72 5 NS DORICAE U HBMER O & BE L
TW5EEZBND, LLAanb, AROIEEIIBGSSCEWREIC L > TR D Z L AH
HEIN TV DO, MRGHIIRCAR LB EOMIRFEIC L > TH R D Z EnwmEIN TS
108) 2 5] 0 2 LR D MESRAOFRAT Cdo o T2 7200, i BEHE B2 45 TREME(ET 5 DN,
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S BT, EML - MIARECHRE O TR AR E LIaE IR T S L 72

BoRIZBWT, REIAIRA B L A~OZB MBI OIS T 5 Z L AL
Lol S BT EMEIRERRE T IRV TIE, N OB IHEIRO O & > TH D PCs D
JRAEREZERHIZE LTS Z &R RS, BUEREE TA L 5 LN OENBREI A
EAICEEE# L TV D ATREMEDS R S NTe, A MLV ARBIZ L > TAEL D RSN OIRE Bk
HHWE, ZDOTFHUSHET 22 7Tzl % A I = X LD L > TRA DB
bzl c& 5 Z LnfFsh D,
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HIUE R N L AHEMEMER TR TI2 31T 5 DHA—GPR40/FFARL < 7 F L itE D
B 5

4-1.

HEEIZBWT, A ML ADKERBRIC L - TR BBENEE TS, b, JHH
PIBMEALT 2 2 L &R LTz, AT, ARV ASNORERZER LI A b L RAFFEMEEM:
IR T ClE, MO U VIREEENEEI L TWA Z ERH LN ER ST, L L7ennb,
ZNHMNOIEERE DN ED K HIC A M L A FEMEENEER O RIS LT\ 5
MIARHTH D,

Docosahexaenoic acid (DHA) 13 n-3 ZEMERIC 0 S 5 St A fis e T H 2 9,
ARNTTIE, AR O e £ 72 EICHZBD Ky & LT b TU b, DHA I
palmitic acid D REHDME I L OREAFULIC L > TEKT 5 Z LN TX 528, 8T,
Z ORI TE A REE TH D Al2-desaturase 35 L TN A 3-desaturase 73KIEL TS 0 =
DORERE & 1TBZ, a-linolenic acid # HIFME & L CHARSOGE X OV BF{b 2170 DHA %
BT RN OENTVDIN DRI L > THE LD DHA IIMETH D, TD7=D,
a4 DHA ZEFICELRMAEIRT 5 Z LIC & » TAKRKEIEEHER L E R B2 /- TV
%o, %< ORI D DHA I, DMERE, A KECBBIEREZ AL T\DH Z &7
RENTW DML, FTH T, RIEVEIGE B BEFEMER . © 27 CICb 20
M ST 5 BTN gk I I T, It o n-3 RISMIER N LT
HEOWERHY P, EENIZET S DHA B L, 1BMERE OR IR RS % BB
HLTWD RN B 5, Fofixld, FHERET VL~ U 22 W75 DHA 23
PUREERZATSZ L. ZOMFICIZ. DHA OERNZEEDO—2 L LTHabND
GPR40/FFARL DIEMEAbZ A L 72 N R M fil g OIS (L 23 B 540 Z L 2 A L T
W5 M P o 2 G N DHA—GPRAO/FFARL < 7 - L EHE OBSREIR T 723, %
N L ARG PRI A B 5-3 2 FIReMEA R S D,

FNETIE, n-3 RIEMRZ~ T A% L, DHA DR R A L AFFEMEE LI
BEP I RIET B O TR LT, EHIC, TSR TH S GPRAO/FFARL > 7
FAOBEEIZ O T H R RN A T2,

il

REOMIENEO—EIT, FRrOmL e LTaRL,
1. Aizawa F, Sato S, Yamazaki F, Yao I, Yamashita T, Nakamoto K, Kasuya F, Setou M, Tokuyama S.

N-3 fatty acids modulate repeated stress-evoked pain chronicity. Brain Res. (in press)
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4-2. FEBMEHRE L Ok

T (3-2) LREEOEREIME X OFIEICIEVY RSDS &R 1To 2k, BT/~ T A
%1@;@sz0 ATOERIT, AAKEZENRET 28 ERICET D REHTHEV, £,
MR RFIME B S DOARESG T T T2 (K% 5 A18-03, A17-10),

4-2-1. BAEFHENE n-3 RIEMIRZ ~ U 2 DIEY

HA SLC BRSO BHEA L7z C57BL6) SRkt~ v A (MEMEds L OMEME, 8 Bl 2%
B S, HEMERS K OWEMEOE — R~ o 2 (3 W) #157-, Bk, Table 2 (/R L72#1
X control & (2.6% a-linolenic acid, 14.7% linolenic acid, 4,002 kcal, D17102001, Research
Diets, Inc., NJ, USA) F£721% n-3 RIEHIEERZ (n-3 def) & (0% o - linolenic acid, 15%
linolenic acid, 4,002 kcal, D17102002, Research Diets, Inc.) % 8 i £ CTH HER S, &7
B~ 2z F LT (Fig. 17), 8 Ml TR A BAsA L, FRESEM IV TH
PEVA SE72, BolAr~ U % 3 WlmiFICHERL L7z, £k, Bl v R L RISt
T, FEBREHBGE T 45 IL/r—2 L0 d X O ITHEERE LTz,

Table 2. The composition of n-3 fatty acids deficient diet.

Control (w/w%) n-3 deficient (w/w%)
Protein 20.3 203
Carbohydrate 64.0 64.0
Fat 7.0 7.0
kcal/g 4.00 4.00
Ingredient
Hydrogenated Coconut Oil 543 56.7
Safflower Oil 124 133
Flaxseed Oil 3.3 0
Casein 200 200
L-Cystine 3 3
Corn Starch 150 150
Sucrose 130 130
Dextrose 275 275
Maltodextrin 75 75
Cellulose, 50 50
t-Butylhydroquinone 0.014 0.014
Mineral 35 35
Vitamin 10 10
Choline Bitartrate 2.5 2.5
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Fig. 17. The graphical methods to make n-3 fatty acids deficient mice.

P; parental mice, F1; experimental mice

WERENE I e BT 7

fbakE A% Tt B A 1 L. 10 mM ammonium acetate buffer (pH 5.3) Z 01z fA#% % Ak L 7=,
AR Ik T chloroform/methanol (2:1, viv) Nz L. =058 (1,300 <g, 30
7) L7z, Chloroform fH%& AL L7=1%%, LiEZ FERE T A X LT, =008 (1,300 X
g,30 43) 4. Chloroform fHZHEL L, —E HDOKRE TV R— b2 64517 Chloroform #H
LIRA L7z, Chloroform #Hi% 10 mM ammonium acetate buffer (pH 5.3) (1:1, viv) =1z 2 [8]
s ZAT > T2tk TR L —F —%2 W, BRI Tz S W 7=, 2% methanol [ZIAfE L,
LC-ESI-MS/MS 0)“'7L e Lie, 327 v Agilent 1290 Infinity LC (Agilent Technologies,
CA, USA) THHE - /98 L7z, BEiHIZ 10 mM ammonium acetate buffer (pH 3.5)(A) K& Y
acetonitrile (B) %Jﬂb\fﬁ Fvxy NEBELTZ (0 min: 13% A — 8 min: 5% A — 13 min:
5% A — 15 min: 13% A), il 7 A% CAPCELL PAK UG120 column: 1.0 mm i.d. X 150 mm
(&5, HUR, BA) 2 U7z, IEIR O & f#TIT QTRAP 4500 (AB SCIEX, Framingham,
MA, USA) DX AT 4 7 A A4 F— K., selective multireaction monitoring (MRM) T4 L 7=,
—4,500 V, 300°C (2 CRBHAKR A ZIRE L, =70 22D —105V & FCTE A 41 b%z1T-
7otk =10 B —2eV DY Va VERAX =TT T T ALY M AU EER ST,
WEEERERAER I [M-H] 7»"Baon/-7 X7 A 4 (mlz 255—255: C16:0, m/z 279—279:
C18:2, m/z 281—281: C18:1, m/z 283—283:C18:0, m/z 303—303: C20:4, m/z 327—327: DHA) 7»
HRIE LT, FERERIIBAIREE 1L, v — 7 mfED D ik 2 W TR L=,

>4

tl\

4-2-3. EERA /Y 2 —)L
Control B8 X n-3 def B~ v 2% HAu /= RSDS FHiEMEE MK T /L O/ERLE L
BFEATEVRNTIE Fig. 18 DA ¥ 2 — /LIt » TIT - 7=,
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Fig. 18. The graphical methods of the making RSDS induced-chronic pain model in n-3 fatty
acid deficient mice.

SDS, social defeat stress; EPM, elevated plus-maze test; vF, von Frey test

4-2-4. von Frey #tBR

von Frey aR I, BEARAIRITEIZ 59 2 98 R BIEZ L ORI AV 72, Control &35 KO n-3
def &~ A%4&HM (5 X 5 mm) LiC@EX, 2-3 REE(L S W7, MBARIRIZIZ) A X
DFI2% (0.02-2.09) @ von Frey filament (7 LA ¥ A = %« F T REAEAL) &2 Az,
~ 7 ZADZEIAF RIS, filament 20095 £ CHREIC 6 MR LY T, kbt
I (B EIRED, RO D, i) 285 L7, ZOEEEZL filament Z T 5 [\FOf
ViR L, 3 [FILLERER S 27~ LTt/ filament 4 X2 BIE & L CRigk L7z,

4-2-5.RSDS BT 7 /L~ 7 AIZEIT 5 osmotic mini-pump DA

GPR40/FFAR1 @7 % A=A N Té % GW1100 (Cayman Chemical Co., Ann Arbor, MI,
USA) 1Z >99.9% dimethyl sulfoxide (DMSO) (Sigma-Aldrich) (Z¥&fi% L7-#. f FE AT A HE
BHKE AW CHRIIR - 85I LA L7z (DMSO #&IRFEE < 0.4%), S OMIIN=E NFsE
FEAZIX osmotic infusion pump (14 days, 0.5 pL/hr)(Alzet Osmotic Pumps, Cupertino, CA, USA)
%Z 7= (Fig. 19a), Osmotic pump 1% 27-G {EH &2 H W CTERIEZFRE LoD, vehicle &
721X GW1100 (1.0 pg/12 plL/day/mouse) Tiifi7= L, 37 °C TAEBEH/AKIZ A > F 2 _X—
v = > 7=, Pentobarbital (65 mg/kg, i.p.) & &> CaHMEEE L, EWHKE= b e
—Z— (ATC-101B; ==—27 A7 1 H)b, Kfx, HA) BLUWe—%—~> b (FH-100; =
=—J AT 4 V) BHOCTIRIREZ 37 £ 05 ° C ([THERF L 7=, SEBRZRE 2 82 H S8, 10%
povidone-iodine TiH# L 1-2 cm UIBA L7-, UIBHER L 0 BREEHE 1280 A L, R Tk
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sulfate %z A7 L 72, Osmotic pump X, #EIRET /L~ U A ERIKHC [RIRRIC 25 R 2 it L
TothbrE L7, 4 osmotic pump &, AL, AR, B L OBRERFICKIT H2EEZHE L,
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Fig. 19. The effect of continuously inhibition of GPR40/FFARL1 signaling during RSDS to
social behavior.

a. Time course of implantation of osmotic-mini pump in RSDS mice.

b. Image of implantation of osmotic-mini pump with cannula into the brain..

c. The position of cannula with osmotic-mini pump into the brain (atlas from Paxinos and Franklin's the Mouse
Brain in Stereotaxic Coordinates 3rd Edition).

SDS, social defeat stress; EPM, elevated plus-maze test; vF, von Frey test

4-2-6. HERTFAIALEE

2 BEREOERICIX, F BEA{T- 72, Student’s t test % i\ CHERHFZAOIRNT 217 - 72,
von Frey #BRi%. two-way ANOVA fi#dT %17 - 72712, Bonferroni’s post hoc test % FHU Tt
PRI AT o 7o, BT ORRIT Y £ fEUEFRZE (standard error of the mean; S.EM.) &
LTE LT, AEEIL, AR 5% 2 HEHEL Lz,

47
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8 HERIFICIS T, n-3 def BEDMMIN C22:6 1XHH LK FAD L, T Ot C16:0,
C18:0, C18:1, C18:2 DN E &, control #f & thiiz L CTHEIZIK T L72 (Fig. 20a), n-3 def
REDOIREIL, control Bf& bl LC, RSDS ZRFEFHAAIE R0 O UMEN 2 7R Lo 3 B4
BIFF D e h-> 72 (Fig. 20b),
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Fig. 20. Characteristic feature of diet induced n-3 fatty acid deficient mice.

a. The changes in profile of long chain fatty acids in the whole brain at 8 weeks of age.

(control = 3, n-3 def = 3).

Statistical comparisons are performed using unpaired-Student’s t test; "P < 0.05, P < 0.01 vs. non-SDS
b. The time dependent changes in body weight during expose RSDS.

(control = 3, n-3 def = 4).

Data are presented as mean+S.E.M.
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4-3-2. RSDS ZFE N EEEFHENE n-3 RIEMIBE R Z ~ 7 ATIB 1T 2 RN TEN R IT T 5228
RSDS % D @28+ K B iBRIZ B T, RSDS/n-3 def #EIZI51T 5 openarm ~Df= AlA]

%, RSDS/control #f& thiz LT, AEICEA L7 (Fig. 21a, b), =512, RSDS/n-3 def #*

(2B 5 openarm ~DHEREMIT RSDS/control #f & Ebik L C. AEICMEHE L7- (Fig. 21¢),

o
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Fig. 21. n-3 deficit induced sever anxiety-like behavior in EPM.

a. Represented moving plots of control and n-3 deficient mice with RSDS in EPM.

b. The number of entries into open arms after RSDS in EPM.

c. The time spent in open arms after RSDS in EPM.

(non-SDS =3, RSDS = 4).

Statistical comparisons are performed using unpaired-Student’s t test; P < 0.01 vs. RSDS/control

SDS, social defeat stress; EPM, elevated plus-maze test
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B

non-SDS 54> von Frey FBRIZIVNT, n-3 def BEDOHEMRAYY R 7 BIMEIL. control B &k
B L C, AR IR AL E [N X OO baseline 12 W TAHEIZIE T L7- (Fig. 22a, b), #f7
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%MD baseline (IZHBWTHEITAL T Lz (Fig. 22¢, d), & 512, st 1 B H oMk
AR UL, control #EFS LN n-3 def BEE HITINTE 21 AHE TR L7z, L L7
5. control FEIEi#% 28 HEH T L7=dIZxt L, n-3def BEIEf#% 49 HH £ TR L=
(Fig. 22¢).
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Fig. 22. The influence of RSDS to mechanical allodynia in n-3 fatty acids deficit mice.

a. Time dependent changes in mechanical allodynia of ipsilateral hind paw in non-SDS mice.

A two-way analysis of variance followed by Bonferroni’s post hoc test in ipsilateral (time X diet: Fp 5 =
18.52, P < 0.0001, time: F, 5 = 36.31, P < 0.0001, diet: F, 3 = 86.36, P < 0.0001) P < 0.01 vs.
non-SDS/control.

b. Time dependent changes in mechanical allodynia of contralateral hind paw in non-SDS mice.

A two-way analysis of variance followed by Bonferroni’s post hoc test in contralateral (time X diet: Fp 30=
1.860, P = 0.1732, time: F, 5= 1.185, P = 0.3196, diet: F, 5 = 85.00, P < 0.0001) “P < 0.05, “P < 0.01 vs.
non-SDS/control.

(non-SDS/control = 7, non-SDS/n-3 def = 6).

c. Time dependent changes in mechanical allodynia of ipsilateral hind paw in RSDS mice.

A two-way analysis of variance followed by Bonferroni’s post hoc test in ipsilateral (time X diet: Fg 50 =
20.11, P < 0.0001, time: Fg 50 = 26.52, P < 0.0001, diet: F; 5o = 181.7, P < 0.0001) P < 0.01 vs.
RSDS/control.

d. Time dependent changes in mechanical allodynia of contralateral hind paw in RSDS mice.

A two-way analysis of variance followed by Bonferroni’s post hoc test in contralateral (time X diet: Fg 50=
0.9871, P = 0.4624, time: Fg 50 = 1.089, P = 0.3876, diet: F; 5,= 154.4, P < 0.0001) "P < 0.05, "'P < 0.01 vs.
RSDS/control.

(RSDS/control = 3, RSDS/n-3 def = 4).

PWT, paw withdrawal threshold; BL, baseline; SDS, social defeat stress

Data are presented as mean+S.E.M.
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Fig. 23. The effect of DHA supplementation during RSDS to anxiety-like behavior in control
and n-3 deficient diet mice.

a. Body weight changes during RSDS in control diet mice.

b. Body weight changes during RSDS in n-3 deficient diet mice.

c. Represented moving plots of control diet mice with RSDS in EPM.

d. The ratio of entries into open arms after RSDS in control diet mice.

e. The time spent in open arms after RSDS in control diet mice.

f. Represented moving plots of n-3 deficient diet mice with RSDS in EPM.

g. The ratio of entries into open arms after RSDS in n-3 deficient diet mice.

h. The time spent in open arms after RSDS in n-3 deficient diet mice.

(RSDS/control-vehicle = 7, RSDS/control-DHA = 8, RSDS/n-3 def-vehicle = 7, RSDS/n-3 def-DHA = 6).
EPM, elevated plus-maze test

Data are presented as meanS.E.M.
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Fig. 24. The effect of DHA supplementation during RSDS to mechanical allodynia in n-3
deficient mice.

a. Time dependent changes in mechanical allodynia of ipsilateral hind paw in control diet mice.

Atwo-way analysis of variance followed by Bonferroni‘s post hoc test in ipsilateral (time x drug: F, ¢ = 48.88,
P < 0.0001, time: F, 5 = 2383, P < 0.0001, drug: Fy ;3 = 2359, P = 0.0003) “P < 0.01 vs.
RSDS/control-vehicle.

b. Time dependent changes in mechanical allodynia of contralateral hind paw in control diet mice.
(RSDS/control-vehicle = 7, RSDS/control-DHA = 8).

¢. Time dependent changes in mechanical allodynia of ipsilateral hind paw in n-3 deficient diet mice.
Atwo-way analysis of variance followed by Bonferroni‘s post hoc test in ipsilateral (time x drug: F, ,, = 11.68,
P = 0.0003, time: F, 5, = 34.05, P < 0.0001, drug: F; y; = 29.54, P = 0.0002) P < 0.01 vs. RSDS/n-3
def-vehicle.

d. Time dependent changes in mechanical allodynia of contralateral hind paw in control diet mice.

A two-way analysis of variance followed by Bonferronis post hoc test in contralateral (time % drug: Fj 5, =
1.174, P = 0.3279, time: F, », = 0.2141, P = 0.8089, drug: F 3; = 50.86, P < 0.0001) P < 0.01 vs. RSDS/n-3
def-vehicle.

(RSDS/n-3 def-vehicle = 7, RSDS/n-3 def-DHA = 6).

Data are presented as meanS.E.M.
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Fig. 25. Inhibition of GPR40/FFARL signaling in the brain did not affect to social behavior in
RSDS mice.

a. The profile of social interaction ratio at completed RSDS with vehicle or GW1100. Gray area represent
susceptible (low social behavior).

b. Represented moving plots both no target and target session in SI. White dots square represent interaction zone.
White solid square represent corner zone.

c. The total distance moved in SI.

d. Time spent in interaction zone both no target and target session in SI. A two-way analysis of variance followed
by Bonferroni's post hoc test in the difference of interaction (drug X target: F; 4, = 0.1416, P = 0.7086, drug:
Fis = 30.35, P < 0.0001, target: F; 4, = 0.04299, P = 0.8368) P < 0.01 vs. RSDS/vehicle (no target), "'P <
0.01 vs. RSDS/GW1100 (no target)

e. Time spent in two-corner zone both no target and target session in SI.

(RSDS/vehicle = 11, RSDS/GW1100 = 12).

f. Ratio of time spent in interaction zone both no target and target session in non-SDS mice.

(non-SDS/vehicle = 12, non-SDS/GW1100 = 12).

Sl, social interaction test

Data are presented as meanS.E.M.
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Fig. 26. Inhibition of GPR40/FFARL1 signaling in the brain did not affect to anxiety-like
behavior in RSDS mice.

[\e}
f=)

—_
(=]

Open arm entries (%)

(=]

Time spent in open arm (%)

a. Represented moving plots of RSDS mice with vehicle or GW1100 infusion in OF. White dots
square represent center zone.

b. The total distance moved during experiment in OF.

c. The time spent in center zone.

d. The time spent in peripheral zone.

e. Represented moving plots of RSDS mice with vehicle or GW1100 infusion in EPM.

f. The ratio of open arms entries.

g. The ratio of time spent in open arms.

(RSDS/vehicle = 11, RSDS/GW1100 = 12).

OF, open field test; EPM, elevated plus-maze test

Data are presented as mean=S.E.M.
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Fig. 27. Inhibition of GPR40/FFARL signaling in the brain induced mechanical allodynia
prolongation in RSDS mice but not non-SDS mice.

a. Time dependent changes in response of ipsilateral hind paw to mechanical stimuli in non-SDS mice with
vehicle or GW1100.

A two-way analysis of variance followed by Bonferroni ‘s post hoc test in ipsilateral (time X treatment: Fg 5; =
33.50, P < 0.0001 , time: F; 5; = 83.98, P < 0.0001, treatment: F; ;5 = 17.44, P < 0.0001) P < 0.01 vs.
non-SDS/vehicle-sham.

b. Time dependent changes in response of contralateral hind paw to mechanical stimuli in non-SDS mice with
vehicle or GW1100.

(non-SDS/vehicle-sham = 6, non-SDS/vehicle-ope = 6, non-SDS/GW1100-sham = 6. non-SDS/GW1100-ope =
5).

c. Time dependent changes in response of ipsilateral hind paw to mechanical stimuli in RSDS mice with vehicle
or GW1100.

A two-way analysis of variance followed by Bonferroni ‘s post hoc test in ipsilateral (time X treatment: Fy; 105
= 10.05, P < 0.01, time: Fyy5 = 13.93, P < 0.01, treatment: F3;5 = 299.5, P < 0.01) “P < 0.01 vs.
RSDS/vehicle-sham.

d. Time dependent changes in response of contralateral hind paw to mechanical stimuli in non-SDS mice with
vehicle or GW1100.

A two-way analysis of variance followed by Bonferroni ‘s post hoc test in contralateral (time X treatment: F
20,140 = 0.8975, P = 0.6228, time: Fig, 140 = 1.145, P = 0.3333, treatment: F5 1, = 8.123, P = 0.0022) "P < 0.05 vs.
RSDS/vehicle-sham.

(RSDS/vehicle-sham = 4, RSDS/vehicle-ope = 5, RSDS/GW1100-sham = 4, RSDS/GW1100-ope =5)

Data are presented as mean+S.E.M.
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