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Quantitation of mRNA in Micro-samples of the Brain by Competitive PCR :
Analysis of Expression of Interleukin-132 mRNA in Rat Hypothalamus
and Hippocampus after Inflammatory or Non-inflammatory Stress

Yoshio KANEMITSU

Department of Psychosomatic Medicine (Divector : Prof. C. Kubo)
Department of Integrative Physiology (Dirvector : Prof. T. Hori)
Kyushu University Graduate School of Medical Sciences, Fukuoka, 812-8582 Japan

Abstract Changes in the expressions of interleukin-18 (IL-18) mRNA in the rat brain were
investigated during inflammatory or non-inflammatory stress. We utilized competitive reverse
transcription PCR (RT-PCR) to quantitate precisely the minute amount of IL-18 mRNA in small
tissues which were micro-punched out from discrete sites in the brain. Intraperitoneal injection
of lipopolysaccharide (100xg/kg) caused a widespread and high elevation of IL-18 mRNA in the
hypothalamus, hippocampus and cerebral cortex. Immobilization stress significantly increased
IL-18 mRNA only in the hypothalamus, when examined in the brain block samples, which
reached a peak 30 minutes after the start of stress. However, examination of the small tissues
punched out from discrete sites in the brain revealed a profound elevation of IL-18 mRNA in the
CA1 region of the hippocampus and in all the hypothalamic nuclei examined 30 minutes after the
start of immobilization stress, but not in the CA3 region and the dentate gyrus or cerebral cortex.
The method shown in this report proved to be useful and may be applied to quantify the low
amount of mRNA in the small areas in the brain.
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4 vF—u4Fxr-18 (IL-18) ¥, REMBRESE
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ZHREAREEREEERT 5. 5, IL-18 1,
BATH, SEOTHRMEROEBRD AR ST, KiK
MBORERPHE - BEA MV ARCB VL TOEE

T BT, HEER WA TR SR T 5%
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33, fIziE, 7y PCHERA NV AEATT S L,

HPA axis BEES 523, T IL-1 receptor
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4522, ¥7-, lipopolysaccharide (LPS) € &# 5%
EOREMA MV AREZ S E, IL-18 NI FHEE
L3, ZhHBFEHP HPA axis DRELZ E2 I UD
ET 3 EFRPIRMRRIGDO % £ d—EcEmL
TWBEEZSNTWVWS, 20X 351, KA IL-1id®
USSR CHEL 2B THE L TWwa Z b
Do TWEH, ZOMARKRIL L EBEREBLUZ
DOBEFIZ DWW T ORRIX, RIETHEZENELEIN
Tw3, ZOHEAD—D2 L LT, PRHERCBIT S
IL-1 ZHS° mRNA ORBEESIBHETHD, TOE
B & /N E 01020 7 L nBITFT SN B,

MED mRNA OFRBRZRET 2 HEE L TR, &
bOTREWEEREGEE2E T % reverse tran-
scription-polymerase chain reaction (RT-PCR) ¥
BHY, BFEOHERCFEY ZMETI20CHVS
w3, Lrl, PCRERFRZDE 2 TRIFEENICE
BRRESEET, ChEmRT 270 cEL DA%
BEF SN TE, ZOFT, BEW PCR &I, HF
Awsh? ko ko b BETFENOSREEEET
b3, ZOFEE, FEHEDNA DL < X RNA (mimic
DNA % U< & mimic RNA) &, BIENRE L 358G
FEMEREG LI OB RKIGETYV, ZhThOEIE
EYOL» 5 EBERZTI bOTH B, ZOHEKIZE
D, mRNA OIEREZERBEWEFHCE > THRE L
70, FEROREN mRNA O ¥ETH % Northern
blotting X VEBRETHZ20AHE 5T, EEMK D
BNTBHES AT LATHD I ENRENTVLEY,

AR TIE, £ THRKTE (SFHOTRER MR
JECHULHIERE R R 3), BE(L-1 v 7Y — g
A9, HPA axis & DEH#ER A k VA KT 2L B K
JEw 53 21219) B X UKINEED 3 7R ERAT,
RIEMA bR (LPS OFEARS) B L UIERENS
A MV R () AERED, IL-18 mRNA HHOKZ T
ay 7 ZEOERELEBRE L, 357y MO
BN R YR BT Bk & (punch-out), &5
NI BUINBRR T >~ 7 VN D mRNA OFRBEE 2 5iEH
PCRE%RMHE > THRER L 2D TI ZXHET 3.

X BR F &

b & UEBRFIEDOERE
A5 290-320 g ® Wistar RS v b (JLE)) ZHBw

7o, BB HERR I B\ CRER 23+ 1°C, BAHA(S -
20 B¥), HEHA (20- 8 W) OWARSEEE: L, HEEA,
HHFKDRETHE L 72,

Zv METRRD LI, —ERFMOLEED L IX
FERFEMEAR PV AEREMR /28, =—TFT VKT T
FTIERLBEL, ~ SV > 20 U/ml % ¥¢ phosphate
buffered saline (PBS) ®ZELEMALDEALT,
T HER BT o H, ERY HL, BEEA
MURET TR, EEAEKL.0mlZEFEL 2 LPS
(Sigma L 2630, lot No. 97 H 4018) 100 ug/kg %5 v
N OEREREREL, 1%, 2EER, BL04
R EfEH L, TROFIET, My~ v eE
gL, Zv bOEBEREX, LPS &#5% 2-5RED
K 1.5°CER U7z, FEREMA bV AERTR, &8
Ty N 2HD FEEEIREITY, REE» S
304, 1HEf® XU 2 B AROFIETRY >~ 7
WEVERR LTz,

W7 a Y ZERDIER

BEFARRH L i S, MoKE GEEEO—I),
¥E (CAl, CA3 BXUMREI &) BLURKT
ek (A, \EX» S>AFEE T, TRIRETR
HET, BIUEF»SH2mm DI 4 VIT ko TH
Ranzaisy) 2UVHL, sy oy 78K
EL, TR RIA4T7 A4 RARTEHEL, —80°CTHE
L7z,

$T B3k & (punch-out) (C & 3 I BRAR#EE) B D HREL

WUINPGREBR YT B punch-out D72 v 71X, 7
W ERA WVHIT O.C.T. Compound TEHEL, KF
ATARLY /) —WVICTHE LI, —80°CTIREL
7o AN T 2 BT 2 M H, REL e 7 a v
2BIZVARAY Y FHIKT —10°Cic 30 LA EfRE L
7e#%, 20 pum QX TYIR 2ER L 72, YIMERAIO M
EB LU RNA RFORERE, DERFI LR E
KDAFNT Y —veu=r Pt 5T TEBETT
EHL. YIFE, 2V AR5y NAOE@RET,
PIHR CERALOHERE 2 1TV2 DD, 1000 pl 7 4 AR—H7
NERY N F v 7 (Genetics #, No. 17071-1, N
0.9 mm) DFESETHBOFER 2T bk vz, B
B % Fig. 1iemd. HRTEA TR AEIHEREE
(medial preoptic area, MPO), SMHIHZRHETEF (lateral
preoptic area, LPO), % 3 fMErIEHISEE (antero-
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Fig. 1 The punched out regions of the rat brain.
The punched out sites are indicated as circles in the brain. The punched out brain tissues
were taken grossly, checking the position frequently by microscopic observation with
methylgreen-pyronin staining. 30~50 sections were collected from each region. These maps
were copied from the reference® CD-ROM and the following section numbers and the
distance from the bregma were defined in it. (a) level 17, —0.00 mm : (b) level 19, —0.26 mm :
(c) level 26, —1.78 mm : (d) and (e) level 28, —2.45 mm: (f) level 31, —3.70 mm.

ventral region of the third ventricle, AV3V), %% KEGRE OBETEZED & & FEIR 21T 72, ERBYIH %

¥ (paraventricular nucleus, PVN), [ N ] £ WAL [F—F v 7T 30~50 [ b 7z - THEEFH
(ventromedial nucleus of hypothalamus, VMH), I punch-out L, E# D RNA o TF v 7HNT
#MEIEF (lateral hypothalamic area, LHA) O Zh % HAERTE L7z,

NS U7z, ¥E T, CALfEE, CA3fEIEE & mimic DNA OER

UgtkE (dentate gyrus, DG) »oFHR L7z, 72, HIE DA L L THW S5 HESE mimic DNA
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&, 7 v N & DL 72 total RNA % & &2 Grassi
5D HEEEW PCRICE > THR LY, T OME %
Fig. 2 WRd. £9, #HEEIC L D AER LTz cDNA %
7 7Vv—hELT, Table 1 IZR& NIz 280D 7 Z
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(a)

primer 1

PCR 3y
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4 ~— (sense 77 4 ~— & 1fi A ] antisense 7" 7 A
~—, B Nantisense 77 A ~— & i A sense 7
T4 v =) ko TENETRFNEIC PCR 21TV, Kif
WA AT (Bam HI 07 % & ¢0) 2 NL 72 DNA %

primer A
with tail

_ cDNA
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Y PCR 2

primer B
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—

primer 2

(a) (b)
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(c)

DNA

V BamHI digestion

(d) =——

Fig. 2 The production of mimic DNA.

Left : Mimic DNA with an additional restriction site was generated from native cDNA. PCR
1 was performed using primer 1 and primer B with ‘tail’ which included the restriction site.
PCR 2 was performed with primer 2 and primer B which had the complementary tail.
Products of PCR 1 and 2 were mixed and amplified by primers 1 and 2 attaching with tails.
Right: (a), product of PCR 1: (b), product of PCR 2: (c), attached product of PCR 3: (d),
digested product of PCR 3.

Table 1 The sequences of the PCR primers for IL-14 and GAPDH.

primer sequence (5'-3")
IL-18

sense CAGCTTTCGACAGTGAGGAGAATG

antisense TGTGCCGTCTTTCATCACACAGGA

insertion sense

insertion antisense
GAPDH

sense

antisense

insertion sense

insertion antisense

ACCTGCAGGGATCCGTCGACGGGATGATGACGACCTGCTA
GTCGACGGATCCCTGCAGGTACGAGTCACAGAGGACGGGC

TCCTGCACCACCAACTGCTTAG
TCTTACTCCTTGGAGGCCATGT
ACCTGCAGGGATCCGTCGACGTATCCGTTGTGGATCTGAC
GTCGACGGATCCCTGCAGGTGCAGTGATGGCATGGACTGT
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QAR LIz, RiCFD22%27 v —hELTE
£, sense B & W antisense 7T 4 < —iZ & - THIE
THZ ek, FROEAEBRIUSEITTO cDNA &
[F—He% D mimic DNA %#&B L 7z. PCR ORISR
E LT, 1XTagiiRfFPCR/Yy 77—, Taq
polymerase (GIBCO-BRL) 2.5 U/100 g1, 0.05% W-
1(GIBCO-BRL), 2.0 mM MgCl, B XU 21 £ 0.2
mM @ dNTP 2z 7zbDxHW, 7r7v—1 &
U CHEREED D L < 1% 100 55N L7z PCR EY %,
RIGE® D 10 53 D 1R 2 7z, PCR K i& 94°C
35E D%, 93°C 408, 60°C 40 BB XU 72°C 20 B
BLYAI7NVELT3B YA 70T, 72°C 34HB
LU4°C 1HEMR 72, B#EPCREDIZ7 =/ —
NVzaaRvAEB L UOTY ) — VB EITo T
DbLEBKRKCERL, BRAREB 740 57—
(UFC4LTK25, Millipore) 2 CT7 74 =—8B & U
ANTP 2Ef, SHHEFCTEREZRHIE L.
mimic DNA 13, IL-18 ¥ & UFinternal control & L
T @ glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) 2w THERE L7z,

7y 28KHs 50 RNA

BRELEM 7oy 2%, 0.1IM2-AV A7+ ¥
J—NVEESDRAM I T =Y rFA VYT A= MEBARHF
T, RV aVREYFAF—THREL:. ZOH
#2500 ul $OHD, 2MPEEEES ~ Y v A (pH4.0)
50 1 B & UUKEIRIEEM: 7 = 2 — v 500 wl %2 h10 2 #2#
L7eD5,200 ul D70 aRmkVbheA VT INT IV —
JRRI®) (49: 1) Rinz#E#H L7z, SEEL7: EED»
5 300 ul ZEXD, EREOA VY 7uEnNTLa—VER
LT —20°Clz T¥r %%, 12,000 G T 15 HREG L,
WY % 0% / —N Tk Lz, ThE L7 total
RNA 1F, ZREAKICTHFER, SEEFIC CRE |
EL.

W ERERGI R A 5 O RNA ORER

P INEFRLIZERY Ny TOENE, £0
FF01IM2-ANVAH T LY ) —VEERLIMTT
ZYUFF YT A bBEO Ll R AN, EXRY
FAYIRESTH YTV B EBEBRN L, %
DRI 2M BB b Y v A (pH 4.0) 5 ul B8 X UK
FFIEME 7 =/ — v 50 ul BINZEBRLI-0B, 20 ul
DOr7aaRNVA A VT INT VAR (49 :

b

ER

1) iUz #EH L. S8 L - EB BRI EA
(Ethachinmate, Nippon Gene) 0.5 xl 212 T & <
WAL, EE0A4 Y a7 Lra—VERML
T—20°ClZ##EIL 12,000 G T 15 4R LYz, PRE
M 0%/ — Vi CHERITo Iz,

MEE G

fEEIE Nz total RNA %, 7 v 7%V I VDEE
X 1 ug, punch-out ¥ > 7 NVDEEIXTRTE, 11 ul
DFEFARCHERL, 100 ug/ml DF > FhANFH = —
1plZMzZ TCTSHEA v Far—yarLiz
DBEIKK LW THAEIL 72, 351 4°ClapHI L 788
ERE (M-MLV transcriptase, GIBCO/BRL) 100
U 28O EER 8 pl (RMEE © 10mM DTT,
ANTP 2 Z #1500 M B & O 1 XEHMERE Ny
77—) Bz, 40°CCT60 EDFEERLEB T
otz RIEKTH, 95°CT5MERRT-105,
4°CTHHIRFEL 7.

HEH PCR

WEE I 7 e, R EF8 & N7z mimic
DNA Lt OEMET > 7v—1r LT, ZTh oDtk
ZEFERNICZE 2 T PCR 21T o 7o, MEREEY, 8L U
1071215 M & mimic DNA % # % PCR KJL# D 10
50 1EFE DMz 72 U4HE, PCR O KGR v
A 7 V&M X mimic DNA fEROEE LB TH o>
7z. PCR Ki5#, Bam HIO0.5U/ul 2 &LREERD
1 XBam HI Ny 77 —%fn%, 32°CT 3045/ A >~
F 22— 3 > ®{T\> mimic DNA OYI# 2175 7z,

BESLUTF—7 018

PCRE#IZ0.5XTBENY 77— T1.5%7 4
O —A 7 VEBEKIKE R{TY, TFYTLATuvA FT
emfh, CCD A X 7 CHET -5 25K L7z, HE
7 — % BERENTY 7 b =7 (NIH image) CTHUIE
L, &5 FOBEERET 8@ L 72, HERE L3,
ZONY ROEFEDHD OEEORE PNy 775
T RBEELFWEADTHS, BohlenNr FIE
DOHERE» 5, ZRZ1h O mimic TWEC BT 549~
7)V/mimic DEEER®TZ, S5 ZDHE NS
FT7WEWY, TOEN 1 ERETIRERDDL LW
X0, yUOINBEERRELL. REEEZEELLT
T 5702, FREFAOY Y I icD & IL-18
mRNA DEE & NEEXE L L TdD GAPDH mRNA
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DBREEHEL, ThoDlERDT,

HEEH B

BonledT RTCOT - BEWREC LV IE
B R ME LR, e TuERLLz0b
WHEEHRE RITo 7. T ay 7% 7k RvizRf
@Iz DW»TiE, one-way ANOVA K CHRBEDES
BEtLicob, MR ZNTWOERHE OBFEE
22T Dunnett 3 THIE %17 - 7z, punch-out ¥~
TV & BEFEROMEIC DV TIE, SR L AWED
2 FEIC DWW T student t-test THRE 21T 7z,

X BR B R

A PCR IC & 3 EEBDEREDHKRE

SEOMHER CHRE X {ERNERSTE 2BE
B TR T 570, BEBMO IL-18 mRNA 24
e total RNA WEEEY & BFERICHIRL, ZOFHR
Bt @ IL-18 mRNA B2 AR PCRZFEIC X D #l
E LT, FRATNIX1.2X107 7 mol & & 2.8X1072
mol b7z3 5 ERBETEM Lz (n=4), ZDEEHH
BEEOBRETHRE S 17z IL-18 mRNA DOEEHH
CIRIE-ET A, 2OfBRIE, BR (Fig.3) Lzt
w2, BEFRERMEEEREERL,

LPS #5851 3 IL-13 mRNA O%1t

LPS #5580, FUR T, BE, AIRKEDOE& 7 vy
8RBT B IL-18 mRNA OFEROEHE %
Fig. 4 R L7z, BWKTET, MEHEHEKRL T,
2 B L 4RI Ic B W T, AELHREROE
mERDIz (p<0.01), WEBLIUTRKMEETY, 1
RFfi%k, 2 FERI%B L C4RBBECBWT, ThEh
OXEFEL D BB WCHEML Tz (p<0.01), &K
BN, HETEH T 4 RER%O 15.0 1%, BE TR
4 R0 53 1%, KB TIX 2 BAED 10.6 EThH->
7z. —7, punch-out /Ny > A TH, LPS #2548
X, FRRIZ, BTz T OMAERR T IL-18 mRNA
282 e L& U7 (Fig. 5). Bz, AV3V, PVN,
VMH, CA3 8L UDG B 2EFEZIX, p<0.001
Thoiz,

HERZ P U RARERCH 3 IL-13 mRNA %4t

Fig. 61z, #RARED, RKTE, #E, KL
Bo&7ay 2281} 5 IL-18 mRNA SR ORKZE
bR R LT, BERTIC B TIESHREE E Oz, 30

BB IV 1REBICBWT, BERRREORMD
FH 6N (p<0.05), ZOFAEEIMEIL 30 28D 2.1
fEThovz, 2BEBIIIZ, 1T, NBRECE- .
—7%, WEEBIURNEETIE, #HRE305»5 2
Bz 8¢, IL-18 mRNA &L k- 7o,
PHRA bV AAFHRT 30 9812 B 1 5 punch-out
BN > VDB BT B [L-18 mRNA OfE%
Fig. 7R L7z, R TEHR TR BNy
2R S, AV3V, MPO, LPO, PVN, VMH
BLULHA OFTNTOERLENERE .. #BHIC
BT CAl DAPERELEMERL, CA3BLU
DG CREEREMIR s olz, KMEBECE
WTHEERERIZRShho T,

% ®

HEH PCR EDFI
B PCREEE, 1 b A4 Y mRNARED LD

PCR quantitation
o

Ll

I R T O T
sample concentration

Fig. 3 Linearity of the PCR quantitation of IL-
15 gene product.
The linearity and the range of the detec-
tion were evaluated. Diluted reverse-tran-
scribed product of IL-18 mRNA of known
concentration was mixed with mimic
DNA and co-amplified by PCR. The X-
axis represents the concentration calcu-
lated by the dilution and the Y-axis shows
the actual measurement by competitive
RT-PCR. The linear line shows the ideal
value.
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10" -
IL-1B 0 . - *k .
— T
/GAP?SL_ T
(a) -
10°. =
10*

control 1h 2h 4h
n=6 n=5 n=5 n=

10" ; EZ3 :
. *% : T
10-2_ I'L!
(b) =
10%]
10*
control 1h 2h 4h
n=6 n=5  n=5 n=4
10"
Sk
r *k 1
10 — —_—
(c) == =
10°] _
10*

control 1h 2h 4h

n=7 n=5 n=5 n=4
Fig. 4 The time course of IL-18 mRNA expres-
sion after intraperitoneal injection of LPS.
100 ug of LPS was injected i.p. and IL-18
and GAPDH mRNA were measured by
competitive PCR in hypothalamus (a),
hippocampus (b) and cerebral cortex (c).

Values represent the meam +SE of the IL-
18/GAPDH ratio (**P<0.01).

CHEE TEHBECLLFEEAL T WEETFEYOH
FWH LT, GSRETCEEREOFTWAETH S, fiEk
—BPCAVWSN TS mRNADEEERE L LT
Northern blotting ¥455 % 43, SEID & 5 MED Y
» 71 (total RNA & LT 1 g BIF) T, Hsaossm
B4\ mRNA 2#H - €& % IZi& Northern

blotting L CRBRED R TH £ VEENTIZ 2\,
Northern blotting ¥ & OH#IZ 8T, HHEH PCR
10 EULERETHZ I LBPRESNT LB,
Northern blotting#: &k V ERETH 2 L3N 3B
RNase protection assay ¥ C, HEHERED D DT
b mRNAD0.1pg BESLE L X 29, SHEHESH
PCRERX > TEBEEEX2E T2 EEPAETHH 2
10 mol BE D mRNA i3, BEE: L TREEHD 1
pEDA—F—ThD, ZRIDEBEPIIPEL, 20D
X5 %A ED mRNA OFIF X RT-PCR 2FH ik
NITHRHEATERERCH2 Lt Bbh s, $EOD
punch-out %+ ¥ 7V E2HAVEREICEWT, BEER
JO¥E 20 xl 72D, 30~50 punch AV SNhiz2s, *
DEIFEHEER (600 punch T 11.9mg) »55HET 3
ERI0.6~1mg WY T2, MER1g H- D EESR
mg O RNASHHENE Z 0o T2 L, 20
B OB 5 &3 total RNA O &I, FiHZ
ROETA2F 22X, BFDORT-PCREBWT
Awuohnsd, PEERIGE20ulH 72 D O total
RNA 1~5 ug 53 s . $%bb, ¥ 7 VvER
METHBH, BEDORT-PCRIZX > THRHETRER
YER, ZOFECLVBHERRENTERTHS LFE
Zohb,
NSRS BN mRNA ORH%EE LT
in situ hybridization ¥:25% % #5, #HIUZRE X North-
ern blotting FRICEE L, & < i3k, JERBERFRIERE
R Vv RATORWIL-18 @ in situ hybridization
HEIZ & 5 mRNA BRHOImEIRAL T TR EA LR L
DRRERELT Cholzlew e Bbhd, bhvbh
i, PCREDEHRBRE24 > L THED mRNA 2
H-EEBRBIRYL, SS5EHIMEROY 7Y >~
2175 L CEBEBE OB R L U, EREVEE
Ex iP5 LiclshLis, FAECE-T, ThT
NPBEEREHE 2H-> T BHK THOEER EIKE
»T, mRNA OFBHEZHIZ L CHIET 2 Z 51
BTHD, —7, ZOHEDHRELTRE, in situ
hybridization ® & 5 i mRNA O E4 ML 2EE T
ZZENTHRETHS I LBEToNEH, ThiEH
SHBEELT, HBYIF L THBIE2ITS in situ
PCR ®, in vitro THhh i single cell PCR 2R U7
TAX—=2RAWTITI R EDFENPEZ NS,
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IL1-B wax
IGAPDH T "
107
3k l‘
10°;
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sk **x *

| 10%] T -H i
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10 rj

PVYN VMH LHA
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Fig. 5 Expressions of IL-18 mRNA in various regions after intraperitoneal injection of LPS.
Micro samples were punched out from various regions in hypothalamus, hippocampus and
cerebral cortex two hours after i.p. injection of LPS. Values represent the mean=+SE of the
IL-13/GAPDH ratio (*P<0.05, **P<0.01, ***P<0.001). n=7, 4 (control, LPS) except CA3 (6,

4) or DG (6, 4).
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BHIZ 472 - T Northern blotting ¥k & RWiHEE 2R L
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EEIRBITH S, KR, SEIOBHR TR
FFD IL-18 mRNA b EEDSAETH > /2. mRNA X
1077~10"2* mol/ug RNA D HEIF D IEHE « B T
&, LpbZO3XTOHEENI S TERNZER
HEH L (Fig. 3).

COHFEEAVBEILIRESEH S5 —DDKEBFH
i, WG EESBEERAIICE 2 Vv 3 BB RV
ZE&Th3. ERED Northern blotting % protec-
tion assay E TR BEMERMITTRZ A WS Z £ 3% 0
25, PCR TREHRLERPBEZAVTE S, ZThEL
FOERELZEEVARETH S, i, EELDLD

2, 19> 7nizo% PCR 2EHITS 7120, BED
PCR ZHATRIEEIZEZ 525, WO PCR LEU
BRHRP 774 —%2ZDEEHAWE I LWHRETDH
D, BHLRENPIA NSTETHE I ERFIEATH
3, i, FEMZ PCR 2EMELT, Y7 VT 1 A
BRHEE O PCREBIHEREINTWE Y, EROERE
BUHBEYL, $RARCEI>TREHRRSI4~v—b
BEERS, SEAVLNFER, Rz 2 Y4
AF v b EEE D PCRBREN S I TR H
BOBLED 2L, FREOHEEEZEE L (THEELRTFR
BORENERETH Y, FHCEHREHFETHZ LH
zZe6h3,
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Fig. 6 The time course of the expression of IL-
18 mRNA after restraint stress.
IL-18 mRNA were measured in hypoth-
alamus (a), hippocampus (b) and cerebral
cortex (c) after 30 min, one hour or two
hours of restraint stress. Values represent
the mean=+SE of the IL-18/GAPDH ratio
(*P<0.05).
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B2 ¥ % ) 7TEABMACY A v 4 > (IL-1a, IL-
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XSk v), NERBOMNZAERCERT 5 L
WIHEY, ()4 v 4> (IL-1, TNF, IL-6) Z&
2RO IME WML cyclooxygenase-2 (COX-2)
DFEBENLTPGE, #EEL, ThiHNIES®
BET 2 WS FY, (RERBCHRT 294 2
4 v EEREL OREFENE R & D RS Wi XKE
FHRED BV IR ENT 5, SROHEHREEH
BETH B, SEl, BEEN LPS #5%, IL-18 mRNA
FEI, MEREBEDO—2>TH5 AVIVEETHR
STz, MORMANEAL & R L T, FIZEWETIX
mhhol:, NERBREC X3MERESELTwE L
BEbLNDD, ThOAHATEHIFLIZL W, )T
AR E NIz A DA VYBEICH B W idfhp v 4
MAVEBEETLIIEBEZONDY, ZTOHRER
BRI TbM1gYn 0.3%ThH DY, SHOER
DETEHFATE 22 THATH S, AR, (DK
BT, Bz 2 8AEIRZ <, COX-2 hoiFH X
iz PGE, BSIXAINBATL, ZhBHEEAEFLT S Z
EDBREINT WS, PGE, RUMtd COX E#ix
27077 —Yhrs0LPSHEHKM IL-1 XU TNF ©
EEEZHIEIT 2 —A%, bt PRI XBIL-112X 3
IL-1 EAE RV IL-6 B4k PGE, DA T CRET 2
70 OHIRM S, WHLEROBESSEZ 5h, &
B % LPS# 5 & % IL-18 mRNA O30
ZC)DEEPEO TV ENEDLEARHTH L. LPSD
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Fig. 7 Expressions of IL-18 mRNA in various regions after immobilization stress.
Various regions in hypothalamus, hippocampus and cerebral cortex were sampled after
thirty minutes of restraint stress. Values represent the mean+ SE of the IL-18/GAPDH ratio
(*P<0.05). n=7 except CA3 n=6 or DG n=6.

BERERHZESI & 3~ AN IL-18 mRNA O#§hns
KAEMEOVIMIC I D RKESEHET 3 (BEZIHE
Lzw) OoTY, oBFEIZS5ER S iz IL-18

mRNA 0)9‘&( ED—EICEMLTWw3 LBEbh 3,

Zho@~A)DOBFRBEEFEIZET, FARCER
Lf?’?&?‘% ERbiha,
#ﬁrﬁzbvx%T»waammﬂﬂﬁ
mRNA OB

FHFRCBWT, FEREEOTER bV AT, HK

TERiZB1 % IL-18 mRNA OFBENEE ML 7.

ZHRBEETENO IL-18 28, JEREMER b v ARG
EBWTEERREAZRELLTWE EWIREERDSL
BETHERTH S, IhETORE TIREBES
ORI 5, EEMRETREREBRR b v X &R

BT B IL-16 HBEOBRH GRS TH o 723, R
KBWTRZOEEEENCHIET S Z LKL,
ERERM B 2 EDTELR 0T, RKTEHADEL
MBI BEEL TR ZEMBTE,

FEREMR P VAR Lo TN IL-18 BEE S h
ZEFICOWTIL, RIZFEME AN = AL 3o T
Zv, WEA P VARRIE X o TRIETHO . V7 R
VF) VEEB XU ORBEDRES LR T 32,
MHRERBICBIT B/ VT FVvF Y v OBER2 RS
BRIT V72 I OREIZEST, Ty MRIKT
NI BWT IL-18 mRNA QELEBEINL, Zhhd
B7RYA—ZEoTHHIIN B, £/z,IL-18 ZD
ORI BWT/ VT RV i) VEERET—F
T, in vitro T7 v MRAKTEYRF T/ VT FL
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VoR#ET e, IL-10EBEEBSRSN S, DED
HRW XD, FELEMEA PV ABRICBIT 5 [L-18 DFE
E/ V7 RUvFYBEELTWE I ENEZ SN
5,

%7z, MR bV AEAFRBERDOEREIKE
SEL,BERD/N 7 7V 7 HED LPS 234E4ERNI
BAL, WS R T OMERNE R SV A
ALY (DR EHIL-6) BFEHEINB, o
T, WA PRI & - CIIRICHEEL 1294 v A4
Y (BLLIZLPS 2D b D) 8, REMER b IXDH
A LR IIIAERE S L  3KEMERREL T, K
WIZEHLTW 3 HEEE E 2z 505, bhbhoDX
HET—FCBWTH, FHER bV ARCERETIE R
I BT IL-18 mRNA EAEOTESBE S L
TBY, H-BF-RORBIC L 2RERBEZ SN
3,

AT, FER P VAERICB T 2 HK T
2y 27 ®IL-18 mRNA FEOBINIZ, ERIEED
2.1 BETH 7. ZOEHRIZ, IL-18B8X

IL-18 mRNA QORRFER O HANZEIE & EIZEFEL v,

BziE, *aOREROMENIL-1 BEOFYIE
BEOHIETHD®, RT-PCRIZTI v NEEKT
I« ¥ « KINEE D IL-18 mRNA O HNEEIH 5
KT15~2. 5 FRELBEINTWS®, 35, &
B Ly, JEREEA P VRO v MEKRTE
IL-18 DFEBEMNZLIMMT 22 obr b LD
1220, BEER VAR BT 5 M IL-18 ORI,

InaanFaf Ricko TRz ohTws,

ZD & iz, BN IL-18 F3E I3 ELERAEY B EEER PY I 1
HEhTBY, ZOFHOBERCIEREORBRP
HHREOBWERMESERE N, SEEML ZHEN
PCR ¥:1iZ & 5 mRNA OB EREN NS D&Mt
PRI LTwS, 351, IL-lra BB X>TT v
b DIEIR/ Sy — VAL T2 262, IL-lralc ko T
'in vivo B3 7 v MERMEO LTP OH#fRs s
EXNDZ LD, M UTOBHMED IL-16 28 in vitro
CBWTIy s CAl=a—a DI/ Vy I VBRIG
Mg rE52 57, & YOEBREREZ, IL-18
BAEEWEE BT L HNRAGIYE L LTOER%E
BLTWRZEERLTBY, SHEHAONLELED
SHNERELBELI LD LRSS,

BB

¥WETIE, IL-18 mRNA REHO EENR SN0
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7D, TNBHEINR LR THoTebeEZON
3. CAl % glucocorticoid receptor (GR) ® miner-
alocorticoid receptor (MR) 39 % ELEHE L 19,
GR D avF a AT ur~A0EfEHS MR X b g
B, a)VFaRTFaiz kb IL-1 EEOME] 220
A WZEBRRROVDEDEFEZ NS, & 51Z,CAl
i3 CA3=a—u> X D BEDOLEINA MV AILS
MREZE R ECIZ S WEBbHISO A TWwE, CAS =a—u
Y DEMD, NMDAVEFY—D7 ¥ T=X b %
BikoTHIETER WS HENH DY, in vitro
WZHWT, NMDA D= =—u V iz 3 EH 2 EE
BOIL-18 BEFI L0 FHELHbE B P, &
ERoSN7CAlIEBI 2 IL-1DELEDEED LA
DHREEACERAL T 2 b B 53, *
Dffiiz b, CAl, CA3 BX U DG icBWTiZ, LTP %
POBREEEBHSRERL LR EY, MK Y —
VRZ DHIFERN A A =X A DWBENIZ BT BHRZ 25
RESREINTEY, 2ho LEKTEHS X UESE
WHERT 5 IL-18 £ BRI DWW TRRETHL R
nE, S8, KFEEACT, KL 2EETCBY
% &% mRNA OFIHEORAHMUNRIZR OERALE %8
HI¥sz gk, XUEMARKABE ORI ATRE
Eigb5,

3 &

1) IL-18 &, REROALZSTRIZBWLTDH, #
Roab, HEROMBIOEFHR, KR, MEEPR
MHRICHEBRLZ e THRLEREERZT. Ly
LH BRI 81 2 EE L mRNA $Hid I < Ed»
THREROLHIE L /NS v, RFR T, BREWRT-
PCR OF&EEAWT, 7 v b OMM/NIER 2 NTIH £
T 53k & (punch-out) LU 7z &Y+ @ IL-18
mRNA OER(LERS, BIFZRENESN,

(2) ZoHERBEWT, lipopolysaccharide (LPS)
PEENCERSE LTy b (BETTNV) o SERN
CEHR LR ay 78 X UM/ ESEARF O IL-
18 mRNA HHEEEPHAFCER LI L 23, RERT
B, BEBIUANMEEDZNZNIZB W TLKRNZ
LABTED SR,
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Ronkzroleds, HIRTEHOZZEE (RRHRERH
5, SMURZRETE, EEHK, ERARL, SHEERKTER)
TIL-18 mRNA FIREBLBHEML Tz,

(4) FEA PV RAARIIEBUBHRKTH oy 70
IL-18 mRNA #HEOHMIL, RO 2.1/F,
BETH-oT:. ZOEEIFX IL-18 mRNA ORAF
O HNEBNIE IR - HEEY X A fES B IL-18

BOXHELIZIZFELYL, 351, BEXAMVARD

A IL-18 DFEBH A P VAR LTINS Y
NVAANF AL FZEoTEARMZ 6N TED, IM
UTOBMED IL-18 5 Wik IL-lra 7 v M EE
MHERLD S F S AEEICHEEE 2 22 FOHR S
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RSB I T 2 EE LR FE LTHEEEL T
L LEZ NI,

(5) #HAPVAAMIZEY, BEDT v IEE
TiX IL-18 mRNA #RERZL L o728, BE
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IL-15 mRNA 23mL, CA3 B UHREITREE
EN% o Tz, CAl ik glucocorticoid receptor (GR)
@ mineralocorticoid receptor (MR) Z33 2 EhaRas
B, GRoarvFaxsuaryOFEMES MR kb
BEwizd, avFaxFaric ks IL-1EEOME
PZFRAWIENFRROVEDEFEZ oL,

# B
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