AFNVKBEORIREREICL DI 707 )7 OEVECHERE &
Z O FEME R R O iR

TAEHFIEH s RJE ORAEEFHEA R 22 HR)

M E

FrxlTohET, AFNVKEBREL RRIEWEY A N4 ORBLFEEE I L THIEE
EHEETHI b, v AMREMEEE H ORI X OB NI L TE T, Fok
T, AFNVKBERERG LAY OI 707 U TICEBWTRIESEY A M A B3 %
BHFEIND L0, 2707 U 7 2®RPICERBSEDL 7 Fe rBEREY R Y — 4
TY T AMAT A ZAZFILET D Z L2 5> TAF KBS L DG RIE N H S
L2 EEAMBLTND, £ZTARMFETIEZ, HERLANLTORXF VKT I D MR FE
EZBTLHI 707 )7 0OBEEIZONWTY T ZADOTEMENTF L ORI DR
L7, £, C5TBL/6N~ 7 ZDIEICxt L A F KBS HRETE (20,30, 40 ppm) % 81
MATo 7oL 2 A, XTHREE L i L CT40 ppmIB B RIS B W CTELREEBAD DB O bz,
Fo, U AR RERAIC K VAT R, 30 ppmIBEFE~ U A O KMEEIZEB W
THEMIEOBIREEREGES IO 7 e 7V 7ToEHIEABE I, 26 OREIL30
ppm & V40 ppmIRFE~ T AD T NEFETH - 7=, I HIZ, 30 ppm®D A F /L KER % 6~81H [
BBELIE-~ 722 WTITEIT 2170728 2 A, 9 SR TE), sk, @EEitkls Lo
HRESEIZIZEAELHET, EHBLOEHOGEEHRENMETL TV, FFIZZo
LB RO TIT A TF U KBREHE B0 OEE LN, KBBERETIEAE D RN
FEBIOWMEICB T 2MRMEEORE (FICHIE) XZEAERDLNRN-T,
o, SUAMFTOI e Y T ERET S HRTPLX3397 (CSFIRFAER) %K KAHIZ
BETERESEL/EE, 30%BEOI /a7 Y TR T 5L EHITATFKBIZLDE
WBIOEMoTEEERRO N2 kolz, U Z &b, ~ U AWHNIZEBWT
AFNAKBIZI 70 7Y 7TiEMA 2N L CREREREZERZL TV I ERRRIN
77

X —T— R AFILAKEER, I 77

W
HIR UK CRAEEE B 3R RS2 3R 52 B B 20

I W98 H

INETICEAIZ, ATFNVKERA L T AXF UMTNF-, IL-15, CCL272 & D%
JEEY A MO A VEHOBBFEEEN L CHMIREZFEET L2 L2, ~ U ARSI
ERHOWERFHZE VAL L TE R, £/, ERROREMET A4 M I A VFHIT A F LK
RERELE~TADOMAI 707 ) TICBWTEBAFEINRLIZELAHLTWD,
— . YSUAMAT A A% A FILKER TR L THEMIEEEZFET L5 TtV T
FEROREMEYTA N UA VEHOBRBFTEIFOON LT, Flo, AL 7 =
TV T ERIRIVICHEB S TS 78 Fa rBRNAY R Y —AOWBEIZ X - TIH S iz,
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INHOZEND, KREDO A FUKEITBEM O RIEEY A MU A VHERIFET S
TR 7a VT EN L CHRMREEZBET LIAREENEZOND, T I TR
HTIEH, TV AOEEL L TORXAFAKBICL DWHREFICBITLHIZn 7Y T7T0O
Bl 52 oW T~ U7 ADITEHRNTE L OV ik 2 L 0 it L7z,

Il WF 985 1k

. v UASNDAF VKRB EIRI 707U 7ErEA] (PLX3397) O# 5

SV s O HEMECSTBL/ON~ & A1, FEBRICHET 2 £ TIRE22+22C, BASSE10%, B
1284 7 v (B 7:00-19:00, KFHA 19:00-7:00) [CEH SN TV HEBRE FCHE L7,
B, HEICIEZ, TT7AF 7= (30 em X 20 ecm X @ S 15 ecm) (217 — Vo &
4T OfEF Lz, MEHMBFIL. MREECE2 (AARZ L) BLOKkHERRE (5
ppm) ZETe/KEKEZ HHEICERIS 2, EBRPIEFIE, KIRBEO ~ 40 ppm®D & A K % 61
B OREE~ T 26 ~SHM HHBEIREIE7Z, 2> b —AREICiX, BILBGSHO A (A F
NVOKEREEGRE L FE) ZREESRER (5 ppm) Z & T /KEKIZEM S 72 BOBHK % (R 3 R
Bl S, £/, 27070 7BEAl (PLX3397) RINGEHT. CE-2¥ K&k kg /-
V12290 mgPDPLX3397AEF £ D L O ICIRAMHE L, HRBEGICANTHRIZE X T,
W, 2> b= ZHWE~ T ATIECE 2 KAkt O A& HHIZE 2 7=,

2. = U ADITEIEAT

AFIVKRBEZEO 6 MK LV, ~v20EMBXOEMORLEMKE, etk &k,
D ORKATEY, BREDEAIERAE Lz, @ 2/T7EREBRIT 2 B L EOREBIR A8 T
THEM L, M, ~URITERIEZ1T I BEICD 2R E S 30 5L B S E 7% 105k
BRICMEH L7,

2-1. Y-maze test (%3] i it dE
~ 7 2%, £ & 40cm. 8 10cm. & & 12cm D7 — LA 2O BHRA Y FREEEO T —
LD —HICEE, 8 SHEENEEBICERSE, vV ABEGELTRRS 3 S5D7 —
LEER U & ZBTE S LT v b L (B2, ACBCABCBCABB &\ % Il &
RTELZMRATEIN 6 Bl ERLER SN D). ZEITEIHR (alternation behavior (%)) ZLLTF D
RICEDHEH L, M, BERAEED §ERFHO~ Y A @G L HB L, 77— 406 hk

RIRATENR = RZETEIRE B AR-2) X100

2-2. Passive avoidance test (E Gt {EHEHE

Passive avoidance 2% E XEE FJRERKEE L HED 2 DO LK I LTV 5D, AR
ITTIE, WRICHEZMITHIE T Y RAZHERIZANL, vV ZAONENERICKEEITEA
L7zBRICESHI (1mA, 05sec) ZzxTc, vV AZHERRIZANL, PARIZEELT
5 UWNICHERICEA LY D ZXHER CEXANRZ I 2 7, BRAMIC L 5 #ER_T
TR T2HETEL, ZORICS DREIAERICEELAZ LN TELE~v Y A ZERIZEHL
72 HARIT T, EERITERIRIC T AZREICE 2T 5 THEIZAN, K=
WZADETORMZ 10 43 RIFHHIL 7=,

Wit

k=i
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2-3. Social interaction test (¥L:421%)

MER R~ 22 1 RFRENEGEE L2%IC, flHEL TCWRWnWS A v~ A% 775
AF w7 lr—TORMAMETH EEDE, 10 M ET A AT ICTRE LZ, LT,
MEXNLR~ T AZONT, tEE2MITEITH D ITEBWIRE (Sniffing) O RRBEEFM 2 HE L
7

2-4. Cliff avoidance test (fE@h %)

YT ADKRED 2B EOEEOHLER 1Sem HE b — /L E—H —ZEN LT/ D K
INCHBE L, BKEICYVAZBEBNTOLEFTH2ETORMEZ 7B ET A I A 712 T
Wlit, RROEEBLEITZD, RBRERBROBIZTIS%T X /) — L TE— D — %W LT,

2-5. Tail suspension test (9 DEEFTE))
YU ADROEHE~ T ANKICH N VESICRELZEEICT—FTHEEL., ¥
SOREO~T A2 100MET A ATICTHRE L, BEEIEFE 2 HE L7,

2-6. H F8EE) &

YU AETTAF v = ({24 emX B{17 em X & 12 em) 121 0EF D A,
B EE B EEE (Supermex) ZHWT~ U 20 AREB &4 105 0 MMIE L, HRiESH
I KON 15 4 kR O i ES) &4 B BRI ik L,

3. AR LAY (DAB %efads L v e ta)

ITENVEBRZ K X o~ U AL =FIR A ME R 2 W CRREE L7z, BE®R., OO L RHE
MOELERNICH=a—LVEBAL, MREERREZIHHSIEL72DICHLEO %
I L7z, —EoiiE (5 mL/min) TXX#& L7- PBS % 20 mL i LM L=k, EHIZ
K5 L7z 4% PFA-in PBS ([EE#K) % [F Uit T 40 mL #EWE L, Ak Z B & L7z, B E
EH., Mzt L, 4COBEEKRICR L THBEEEZITo7c, A~ U CEE L7z Rk,
ARPRARE  WEEARE 2 =12 T 7 0 A B LMY ER (4 ym 2T A4 R) &4
HELl, BonleMu i v TsaBEil2bArFaX—ML, WRT 7 0 L
BEITo7, DKk, 100%~% /—)L T 2 [, 95%=% /—/)L T 2 B, 70% =X/ —)L
TlE, ZRLENSTBIICArFaX— L, BT VA EITo 72, YIRIEA A4
RHLKT 3 3Rl A % 2 ~X— k L72%. antigen decloaker {Zi&8 L CTHUR AIEALEEE 2 TH
JRRTE L ALEE (110°C, 3 o) Z4T-7-, 30 MRS TWE Lizth, A 4 &K T
B LTz, A A K THRE LMY A i1X, 0.3% hydrogen peroxide T 15 43 [l A > % =
NR—hrL, NRES~L A XX —FE2T 0 yF 7 Lz, T-TBS TS5 B2 2 H¥EHEL
Tete . AL ~DFUR O IERF EAYFE S 2 0 < HBY T, 10% NGS-in PBS TR IZ T 60 47 [H
B S® 72, T-TBS T 538 X122 BIYEH L, 1% NGS-in PBS T 1000 %47 L 7= Ibal $1i
KEACT—HSE ST, > 7% T-TBS T 508 X122 BIFEE%. 1% NGS-in PBS
T 200 fE AR L7 W BiiA (biotinylated anti-rabbit IgG) & @ T 15 2 RHIMG S 72, T-
TBS T 5433 1T 2 [HIYE#H% . PBS T 50 5/ L 72 EAP # # R C 20 MG & E iz,
T-TBS T 5 778 X2 2 [BIBEVF 2. DAB chromagen Z % > 7 /LIZIRII L, BAMEE CHEZ 8
BLRNnb, ROSRMEZRELE (K 6 ). 44K T DAB R\ 2%,
Modified Harris Hematoxylin {Z 10 #P[E]{E U CTHF YA 21TV, WiiAK TEHL L 72, T-TBS I
1A v a_X—FL7%, 70%=% /—)LT1E, 95%=% /—)LT2[E, 100% =X
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J—= T2, JEFIZIHHEA Fax— L, BKLEZIT>72, Xylen T15 08X
2 B U F 2= L TEMLEEZIT > 2% . PermountTM THALME L7z, —F., @&
NG IR T 7 ¢ R PR ZBRIEL L2k 2 vz, |IRICRE L TRRAKT
L L 72, PBS TR 5 M x 2 [HC wash L, FERRBSUSEZMBEIT 272012, 7' m
v X 7 (0.4% triton X-100/PBS, 1% bovine serum albumin, 4% normal goat serum)

ZMA, =R T 60 oSSz, —RAUAEIZ, FIEAIE (DAKO, $3022) THAMRL,
4°CT—Me SIS & W72, TTBS T=IRE 5 /0 x 2 [T wash . —RHLAIT 500 54N L 7=
goat anti-rabbit [gG H&L. Alexa Fluor 488 (Invitrogen, A-11008) 7% F Tyt TR T 3
RERI SO S ¥ 7=, PBS T=R 5 R x 2 [BT wash &, "t HE AH (Vector
Laboratories, H-1500) TH AL, HEL L —F —BABE (Zeiss, LSM900) THIZE L7,

(fiiy B 181~ 0D it &)
TRTOHYERIT, FHAEMERRFZIHMFERFEMEZE2OKBE2E T, THRIELEFR
ERRACB T 20 EREICET D] (o THEM LT,

I WFFERE IR & B

(1) =T A~DAF VKO E G FMFEB L OF OB MEFEALE O R

Ex LT ETIT, 40 ppmD A FIUKBEZEFLKEBHIZER LY 7 ZOMKIZHE W
THBEMEGENRELD 2R L TWE, 22 CTEF . 20 ppmAH> 540 ppm®D A F /LK
REQHEMIZELE Lzl 2 A, LIATE FAEIZ40 ppmD A FILKEHRERET 2> F o — LEEIC
A_RTHRENENCEAD Uiz, F2, MRMEA~OMKIRED X FILKEOFE L EHIC
BT 27201, VI 7R T7 40 rOHIKRTY T 7 AN aE, £72. MAP2D HUIR THifE
M OBIREEEZATHE L7z, TORKE, v be =AW TRy MROVFT 2
INENBIER SN, 51340 ppm®D A F VKPR GEIZENTHIFEAEHDV TS
TERKERELTRHEOONTE, —F T, MEMROBIREREIZ= > he— A BN
THRICHORTNWD Z ERBEIN, 2O ZIE30 ppmdD X FILKBEGREICB W T2
VR a = VBEIC R T30% R EE LS 2o TRV, 40 ppm#E 5 TP ERE TARD b
oo . BRI LA AL FIEICOWT HRE LfESR. Bt et A DABY A &
DAFIVKBOEBELFIMT 2 ETHENTHoTZ, TRNOHEDORERENS, AT VKO
HIRE %30 ppm, H G AR ARSHEME L, ~ 7 AT 2 i+ 5 2 Lz Lz,

(2) ~UZADITEREHNTIZ L D A F VKR D 735 MR

30 ppm®D A FILIKER % & e K % Fr K8 ] H K S ¥ 72 CSTBL/6N~ 7 A Z W CATH)
figtr s H & LT, @O Y-maze test (ZZHIFL1E) . @ Passive avoidance test (REHIFEE) ., ©
Social interaction test (fL2Z ). @ CIliff avoidance reaction test (fE #Ej:) . & Tail
suspension test (9 DFEITHE)) . ® Supermex® test (HREENE) &, £ 4 OMHEH N T
BLRWEIICATFAKBESGHANO8HIZHT-» TEi Lz, TOMRE., A F KR

IZ. Social interaction test, Cliff avoidance reaction test, Tail suspension test¥ J U’Supermex®

testiCBIFT D~ T ADITENIZTE A EREL B 2 Iehole, —FH T, AFNKEEE6HEH
TN L 7-Y-maze test CORBRITENE, F72% DKITHENM S #17-Passive avoidance test T D
WE~DOANERFRNARICETLEZZ E0nD, ATFAKBIEI Y ZA0EMB LOEHD
FLEMEAKR NI 2N RmBENT, —F T, v~V ADOaME, EEME, 5 ST
BB LOAREHEIT, PR ELEEOITHMTFMETIZE N TATFILKEOEEL
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FEAEZT W LA L,

(3) AFNKBIZELDFELEHERE~OI 77 TOME

AFNUVKBPRWMANI 70 7V TIZEZL2RBEERFATL2HHT, 3707 ) TEREH
T HPLX3397 (CSFIRFALEHA]) ZMARMICIEE T~ U R ICOHEBEBIR S, £ O RE,
A F VK ERPEHREIZ 30 T Y-maze test C DR EITHEI = I L O'Passive avoidance test T O K =
~OANEBRFHOKFTRREO L, 26 OK FIFPLX3397ORIFFE GIZ L > T E A ER
Do Roln, ZTOZ EIE, ATFAVKENRI 707 VT 2N LT~ ADLIEMKEE
EEABERETHIEEZTRBLTND, KRIZ, RKIMREBSIOWEE TOI v/ U 7 %Ibal
PRI L 0 et L, MR OERN10 umlh EDIbal FEfinzZ 2 7027y 7L LT
By hUiz, ZOFE, 30 ppmD A F L KREHKE L Thary be— VBRI lEE LT
77 VT ORBICKEREBVERD N o7z, —F T, WTFNOBIZBWTH
PLX339712 X257 uaZ U 7O NBBEO LNz, 2O ENnDL, AFNKEIEIIZa s
U7 ZMMsEsZ L lBEEREEL*BEETLIAIRBERZXOND, Fo, MM
Ja R ZNeuNPUIRIZC L 0 EYRE LIz 2 A, Dl & billEHiEIcE b b RINKER X
OVEE COMRMBEEITIA T LVKBOEBELZITEAEZ TR, B, RO
BIREEA~OEBIIRFNT THD, LEOZ b, AFILKBITTIEHAEICED S
B RMEEICB W CHRMIEZFE T2 2 L < REREZKTIETEBY ., AE
Bz 7aZ7 0 73/ 0ORTHEELTWD Z ERRB IR,

IV i i

AFVKBIT KM ERCHBEBRBICE W CTHRMIEEZFE T 52 b~y A ZEHE
FUOEMoREREREZ2ERLTLIZ L, TEIALOREICIZ a7 Y THRBEET S
ZENTRBINT, AT KRBT T AO KK E MR M B0 THR A I A & 75
THZENRESNTEY, RUGREOKBHERICEbD D KIMEEN X FLKEBIZE -
TH A=V HEZF TR B X D, —J7 T, WS O MR 1 KN R o 4
RRAMIZ R T A F KB T HEZHENELS, DR L BHBITATFLKEBIZES
AR SN Tld e s SN T& 7=, L LAME T, BICHEEICERET 28
BWRED AFLAKBICE > TIETLTWEDT, 5B ELRIBHNLETH S,

VKA BE LI 0O B E

AR DX DI, AFAVKBPEIIZ a7V T72NsE5 2R~ A0EHB LY
EMoORBHRELZR TI®EL2Z N RBINE, 4%, MEEEI 770 70651
EPE (ML) 72 D ONCHRFENE (ML) ORMRPEEREL 7Y S A FOLKERN 5 2 5 BB L RE!
THZETAFAKBIZL DRRBHERE~OI 707 ) 7TOMEHERNEZMAT 5, £
o, AFNAVKBEREG LI~ U ZAOKMEEIZEHE W CTHRHIEOBHIRZEE N 72 o T
Wl Enb, 27u 7 ) 7 RMRMROBIREEICEEY 5 X5 2 L TillEEaEEE
WG TAEENREZOND, 22707 U TICRATEMECIqgRLC3RE Iz s
TIEDVTFTTADAYIABLIZEGETH2Z RN TEBY, ZNUHDRKRFN A F LK
SRIC K DRI R IS 53 2 ATREMEIC YW T H a7 5.
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Microglial activation induced by exposure to low
concentrations of methylmercury and its toxicological

significance

Gi-Wook Hwang
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Keywords: Methylmercury; Microglia

Abstract

Previously, we have shown that methylmercury can cause cell death by inducing the expression
of various inflammatory cytokines in mouse neural stem cell lines. Furthermore, induction of
inflammatory cytokine expression was observed in microglial cells derived from the brain of
methylmercury-treated mice, and pretreatment of mouse brain slices with liposome-encapsulated
clodronate, a microglia inhibitor, inhibited methylmercury-induced neuronal cell death. Herein,
we examined the involvement of microglia in methylmercury-induced brain damage at the mouse
level using behavioral analysis and immunohistochemistry. First, male C57BL/6N mice were
exposed to methylmercury-containing water (20, 30, and 40 ppm) for 8 weeks, and a slight weight
loss was recorded in the 40 ppm group when compared with that in the control group. Based on
immunostaining of mouse brain tissues, the 30 ppm-exposed mice exhibited neuronal dendritic
damage and microglial activation in the cerebral cortex; these effects were more pronounced in
the 40 ppm-exposed mice than those in the 30 ppm-exposed mice. Furthermore, behavioral
analysis of mice exposed to 30 ppm methylmercury for 6 to 8 weeks revealed that short- and
long-term memory functions were impaired, while depressive-like behavior, sociability,
impulsivity, and spontaneous locomotion remained predominantly unaltered. Notably, memory
dysfunction was observed from week 6 of methylmercury exposure, although no significant
damage to the neuronal cell body (mainly cell death) was observed under the same exposure
condition. On mixing PLX3397, an inhibitor of colony-stimulating factor 1 receptor, with the
diet, the number of microglia was reduced by approximately 30%, and methylmercury-induced
short- and long-term memory dysfunctions were no longer observed. Overall, these results
suggest that methylmercury induces memory dysfunction via microglial activation in the mouse

brain.
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