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i 22 G I B8O SR AR AT D0 Bk ThE 1 A 2 24 Jifa
HLU AR I R T

(R R A

YR

USSR

JRE A

(" R E R B B R T G 0B %, P ERMFEGO BT, dbat 100101)  C P EBREREF R AR, JLET 100039)
Ch ER 2R G A Y IR, YRS T ERE ALK E, LI 100101)  (JEITRZFHE2ABEFEMES, JEIT 361005)

OB SRR 7 R0 g £ B (lipopolysaccharide, LPS) NG F B, WF5C LPS %S08 80G
7 A AR REAT Sy BN 1 T bft 25 240 i v AR5 0 L A A 0 S ) o 7 RS B R AR X Vi e 6 40 A e O
PRI A ANEIC %, HRRAMAREEA T oA R B IE R RV g 1 3 3 e O B R A A A BSR4
FRER AKX FRATAH LG, — K LPS 45 2 hr, SCIGA sl AL SMARREAT A, [R) Aok S0P RS 1) Vi T ol 2 240 i 1y 4
BT T B R 2 T (p<0.01); T — YK LPS VESTIE 24 hr, SiROINARAE T MIE S, H Atk
FA) T o0 25 200 R %) B 25 3 T 5 0 R ZE R L, R HR R RO I el R A, S50 LPS R
AREEAT SN, 5 LPS U5 A1 b 28 40 i i He A 8 i i A9 DR AERTRE R0, SR FEE v eSS

GRBEAG T B AN AREEAT

REEW NGB AWAREEAT A, T Ch AR A, PR A T 1

5595  B84S

1 55

P IE Bk A e Sk 5 0 Ll B ) @, phy AR
FE T R JE AR A Y Y, 2P AR A
MIAT R RE T2, JF HEAtE S MA il sl TR KA
1%% (Kessler et al., 2003; Spijker et al., 2004). A}
e N B A A m, AT %4k # & (Bostwick
& Pankratz, 2000; Cuijpers & Smit, 2002), X} H#IAPAKE
1499 DXL RTATL 1 %) R0 2 96 7 R T 77 410 T8 5 4 7y o
Bt UMEM TAEZ e R Ak R G 6e
PRI 2845 356 B Uk /D 2 5 T IAIRAE (1) 95 B A= 2 A
FNHT AR 25 59 HL BRI 5T (Elhwuegi, 2004; Hensler,
2003). JRE A BIPCIIAR 2% o B E A R, (B2
EATREIERR, 1M H X S 58 A BE ff B T A AR
F £ 5B 2 A 9 IR ML (Belmaker & Agam, 2008;
Berton & Nestler, 2006),

TARARE () AL LA R 4%, R Z R RS

eHs F #1: 2011-08-08

S50 A B R . SRS S T 4 i R
FrAlfe R i R B N R . Tk,
RIAINAR 5 g IR 5 7 A B VIR o MRS Z
PENUG, 20 R ARERAE SN, B30 Pk
B B FEWESN T AR EAT N T SR T
(Dantzer, O'Connor, Freund, Johnson, & Kelley, 2008;
W, AR, MR, 2007), {H GRS
FOMAR A 53 F AL 24 TF AT RS . 7 BT R CCIR
(2006) 48, HARAE & rh it S AR FR IR PR 4 /N,
It B 5 i D) RE I 20 5 PARAE A RERA DG . ARIE
i N A VR T O I ST | R =
(Lucassen et al., 2001), # &40 F T bl &
caspase PTG HTAY p38 AR A4 H 1T 48 A 4 8 1
HHL VL [ 384 i (McLanghlin et al., 2001), H R ARG 7Y
i B 11l if (voltage-dependent potassium channels,
K 250 A Trfiiph & 248, 760 2 20 M X ay vk
R 3 R Al R E 2 A9 (Hille, 2001) ST4FR

* EZRKARPHFEATH (30770718, 31170987)F1 H [ B2 B A1 A1 0 H (KSCX2-2-03, KSCX2-EW-J-8) % Bl .
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WH5E ik e AR 22 30 48 2R BP0 15 45 b 28 1 1) B g
FImE B YA ARG, Bl HIET MR RIE
B LA R IR AT VPR A IR RO R o TEXT R TR B
R ITHE R MT A R, AN T R, GE
R % 7 A (Delayed rectifier potassium current)K ' H,
DRSS K T B PR T R A A e 0
JFH K TF O AT S R T, R B R R R
BT K EEZIH Z —(Yu et al,
1997). FHBFSEUED], 22 A ALY BR 2 538 18 BEL KT
5 75 sh P AR A o HLAT Bt AR A FH (Kaster, Ferreira,
Santos, & Rodrigues, 2005) . 7 5 #2821 g o 40 A
ZRRFZEA R E B i, BRI RN
TR A ARAT 5 18 AR WL AR 1E

SRR RAE P FBUMARAE 19 73 T AL,
T e A SO E BRA AT A Jl i A 4
S S AR TR g £ B (lipopolysaccharide,
LPS )i K MARFEAT g & HI Y J5 2 Z — (Franklin,
Engeland, Kavaliers, & Ossenkopp, 2003; Frenois et
al., 2007). Dantzer % A (2008)% ¥, LPS 1 H s
T R AN A R 5 R, RE TR S S A e &R
G2 AT A M A4 L PR R TR 3K 26 5 P 4 i A
A E L A T T ORI, 15 S s A — R
IR, T N EAMAREE AT A S . PR, LPS AR
A BIF 9 S 2 355 3l 72 S AR AE S BAL A bV T Y
T W AR Y 22— FLA 85 e 1 3R T80 CRE AR AR A
PE) S5 R 50 (g B R0 ) R 0 R R (7 R A
P£) (De La Garza, 2005). FA1LAFE TAEHRIER], 200
ng/kg B LPS BEAE—RTESTS 2 hr ARPUBETE %
PEAH M R 7 AR, AR R R U AR AT, H
SR 24 hr J5, RUEGNN T AEARET Ry AR AR
2 1EH (Wang et al., 2011; JBEHEE 25, 2011; &%
F A, 2007). UEW] LPS Sie o i 40 i N e %
SEOC R BB AR T, (H2 B = K 7R
BN, JCATLPH ANV AE

A AR VIAE TAEFE Al b2 57 % B 75 5
(Y MAR B A, SR A 20 MBS R |E R R, W T
R B M 22 A b 0 R T B R A, LAERTY
B 3 A SR O S B AR R A b R BE Y
FHLH

2 PR

21 LY
{H i W AF Sprague-Dawley MitE KL 32 H, 1k
2 240 g, W A 4E3E A ARSI S e oK BRUAESE

JREJEIAAS O 12 he/12 hr (9 5500 T BB ISR, BRI
KM EI, AT A RO, Bk 22CTHE)E,
AAXFIRIE N 40%~70%, SLHATZ TR 7 d 35 B
B, BRI 3 min,
22 KRWERFIISA

SR AL R PN TR AT Ry S SR A R S
5o SEg— WS LPS XK BAMAREEA T A B9 VE I . 20
HREBEHL A PIZL : LPS 41(10 H), %40 3:% LPS
(RHEER 200 ng/kg)E i 4; xHHiZE(10 H), #E47
J I TE T A B K TS RBZETESTS 2 he F1 24
hr 735 HAT AR bR S5 W LPS XA 22
MR R AR . 12 HORBBENL 2 =41 LPS
2 hr 21, LPS 24 hr 4 A% B4 (ZE 3R /K 2 he 543
oK 24 hr BF), £ 4 HRR. KESHEEZS
SR — e e AHFE RYAL B], (EANIAT R, 2 BilfE LPS
VESYE 2 hr H1 24 he JBUIK T 15 HE T 5 ol 22 40 i ik
T ARSI RN A BRSC I, A 28 4 B4 PR It 1Y 28 4k
M3 Ry 2 SRS P WL i E i 22 20 LA 48 hr
PN 56 I H A ST G  BHiE UA  A PSS 7E 48 hr
J&i, BVEERAMEE SR 3~5 d SE4T H AR B S0 00 19 Bais 05
RS . R T B UL A 1] 3 B A 25 57, X R4
FILPS AP 2 4 i A S5 30 7 [ — I B A J 22 L
22
23 WA 5INEE

S5 B9 B R Bl ik K #% & EPC-9(HEKA,
Lambrecht, 7% %), HEKAS.53(HEKA Electronics,
P )RRl ik AD/DA FEHebt SCff EPC-9 TR A i
ATRIBATRNE SR8 o AP {3UE P-97Flaming/
puller (Sutter
Company), f#H.#z(World Precision Instruments, 3%
) H PRI . BE Z2 85 (lipopolysaccharide,
LPS) FI Sigma /A /), A= #ER/K A [ AL 50 SUES 2451
HRRAF . R4 Mg A X E HyClone 23 Al
DMEM (& B ) & i % 1 i, Neurobasal™- A
Medium F1 B-27 supplement i H 3&[E Gibco A F
2.4 HNERRRAT 0
241 MEFKREUWE  LEWECHT— KX K Bk
17 24 hr BPOKRIZE, WY KM K BRER TP
TR — 3 0.5% Mk K, — I AUAK, 4T
1 hr BPHEAE K I AE R DI . WA E b 303 ] R BT
TRAK AR K B AR, IR THERR K BRI
M L, AR R BRSO 22 A o L. X2 E bR
I S AR RO RE AR, PRIk = i SR AR
(Frenois et al., 2007; Wang et al., 2011),

Brown micropipette Instrument
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242 HIHITAME B Y (open-field) 3L 56 46 &
—HA2 1.8 cm, & 50 cm AYRIJELR AR, PUJE KA
IR AR o KEAEW 37 N 191z shL i 34240
o BEHKBRMEK 5 min, WG bR B FHKFE
&SRS AT o ZKF0E 3l DL (8] K BRAE R 1
B KPS S B S T AR R (em) . EZAT SR
ELMEC SRR A L R 0 R AR B T ik X S
W& S YN AR I 45 KON 0 245 B F8 FR (Frenois et al.,
2007; Wang et al., 2011),
25 HBIDMES

SCH B B I SN AY, BYRE, FH0.25%Bi R
FIB$T 37 Ci41k 20 min. 40245 76 DMEM K
TR (T 10% 64 135 8. KA (1x10° 4
YA/ mLY A TS H 2 R A R 8% 1 35 mm 55+
mrp, F 37 C, 5% CO2 ¥i3affihisi3%, shr 5 #e,
Neurobasal™- A Medium.B-27 supplement 5 357&, 7k
A7 HE A= B S IG (Brewer, 1997),
2.6 =ZYHAEER R HHERANETELE

B M Ah A (mM): NaCl 140, Hepes 10,
Glucose 10, KC1 5, MgCl, 2, CaCl, 2, FH NaOH 7
pH H R 7.2 ~ 7.4, AN A (mM): KCI 140,
Hepes 10, MgCl, 2, CaCl, 2, Na,ATP 2, EGTA 1, J1]
KOH ¥ pH {H R 7.2 ~ 7.4, HHH AN H 3 mQ~ 8
mQ. A BRI EE R N #1722~ 25 C). R
HR R R, B g Al £E-110 mV, SEH¢Lk 100
ms HHALRIEL, RIELAHRE 20 mV AR{LIRE,
25T -90 mV F[+70 mV iYL ALRIBL, F—HE
ZAF RN R M 150 ms. fdi ] HEKA Pulse 8.53
F1 Oringin 7.0 #AF - Hr4cHE . B EE(p A/ p F)
5 H A7 (mV)PE B, sz e JEE 2 A b B8 XoF e 1
TEPER R (e, PA IR 3l JE FR R IR, PF
AR L ) . KR LPS X4 A 0 (A 26
ARBYFE0E, B 8 LPS X4 25— 18 A FH i H ARt
PERSFEMA o RE— 2 F R T A F I (D AR
K G=I/(V-E)FEAL N F(G)o T Al R[] f5 g
440 A H AR (B 0%~ 100%3 FBI PN B 10
SEHIE); G A B AT I B L RAE; VO A5
HLAL; By A 8 A B 5G H AL (RS2 50 Th MY By (B
-85 mV). I 4R HL R )95 R R - GE Y D) fig
R S RS T T S ) R N M B B L B i
% B Boltzmann 2 X ¥ 17 #1 4 . G/Gmax
=1/{1+exp[-(V- Vi2)/ K]} o Hrpr, G Jg 4% BEHL A7 T il
FE M E; Gmax NEKHERE; V & RHN,
Vi 8 A 3K 3 de IO 1 — 2 I B9 I Aor (O il

AL E U A ), K R i il 2Rt o5 (e i
PR, KRR, WO RS ) . O
Hi R 13X 28 5] J7 24 S50 Vo (E A KB AR Lok
FIWT LPS 28 0 A2 75 oA 28 Vg 1 o 28 20 4 5 1
H B A 5 1 B ) 2R
2.7 HEgIt

SIS K DL 2 B AR 1R (Mean £ SEM)#E
7N o AT R EHE R Two-way ANOVA & & 5 2241#7,
H, A BRECE R F One-way ANOVA J30 . 454 2 [6]
A)22 % DL Post Hoc Scheffe #EfT3R5H I, B
{H p<0.05 FEAGIH = RFE L.

3 4%

3.1 LPS %¥&#iEX KR HNEBHEIT A 8IS0
311 MEFBKEEMIRX DL LPS A3 H A W48
B N AR Y 2x2 B2 7 223 Fr kR, LPS 25
VIR0 B3 F(1, 18)=26.82, p <0.01; M JE] 5k
MR (1, 18)=11.76, p <0.01; Z4¥ x Wf[H] 3 H.
WM B F(1, 18)=10.35, p <0.01. Post Hoc i
FW], K EAHIRE K O 22 73 76 LPS 715 2 hr Ji5 2 (7]
#5303 (p <0.01).

WE 1A FioR, ST LPS A4 BEER/K 2 hr )5,
Xof HRZH KBRS A A 22 1 A 20 80 80.3 + 5.2;
LPS 2K B BRG K I %2 E 5380k 31.7 £ 5.4, LPS
2 hr ZH K B WIORG 7K Ot 2 7 4385000 35008 T % R
HE5F LPS FiAE3ER7K 24 hr J5, LPS 24 hr 4 & e xf
W2 R UM A 22 20 BUAIG, (R B3 22 5 (UL
Bl 1B). Uil LPS 24 hr i Mk K f 2 2 ik &2 2]
EH K.
312 #WIHITAMK X TAVEES, E5r
SR, LPS 2454 Flist [a] PR AR AA AR 1 2 500 : F(1,
18)=39.93, p <0.01; F(1, 18)=18.80, p <0.01., 5% x
I T] 49 A2 T 00w L i 35 F(1, 18)=11.94, p <0.01, X
FHEALAT R, LPS 254 Fnit (i) R 2 A7 76 i 35 5%
I : F(1,18)=18.49, p <0.01; F(1, 18)=6.31, p <0.05.
254 x B[] 4 38 F AW AS i 3 . Post Hoc A6 56 ¢ B
F£ LPS {ESF 2 hr J5 KB IG sh A B ATk S5
X R ZH T 22 55 5 3 (p <0.01).

WE 2A FroR, WS LPS FA=BEER/K 2 hr )5,
Xt B4 K FRUKSE36 3l A 4294.5 + 267.7 cm; LPS 2 hr
HRBRUKFEIES M 1334.9 £ 323.2 cm, LPS 2 hr 40
KEACEIE 3 B L FX M4, {HLPS 24 hr 15
XJ HEZH KBRS0 s %A 2 22 = (] 2B), Ui
LPS 24 hr J5 /K16 shig Wik & 315 % Ko BT
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TR ULE 2C FE 2D, LPS 2 he A KR E AT H(1.8 A S5X A KR E VAT HIEE BEXES, I LPS
+£0.6 W) BEMTRIELZH(10.9+ 1.4 ). LPS24 hr 24 hr B 47 MK & 2 1E 8 K,

A 1007 B 1007
S S
3 3
= =
= o4 [N
o 50 2 50
E * =
2 3%
k2 g
0
Control LPS 2 hr Control LPS 24 hr
Bl 1 —R LPS e KBRS K 22 09 & 45 L
A)— K EHE 2 hr, X HELLRN LPS 40 K i 2 5 43 LU B)— IR TS 24 hr, X FRZLRN LPS 4URRE K i B B 4 bb o> 3R
RE XTI E p <0.01,
A 5000+ B 5000
: :
= 25007 =z 25001
% : ¥
% %
0 0
Control LPS 2 hr Control LPS 24 hr
Cc 159 D 157
= 10 = 101
i i
B g
S S
w5 w51
*
0 0
Control LPS 2 hr Control LPS 24 hr

B2 —®&LPS FESE KRV 517>
A)—WESE 2 hr, XF A F LPS H/KFiE S ES; B)—RIFES G 24 hr, X IRAIA LPS /K TG sl ES; C)— k4t
J& 2 hr, % R4 LPS 4089 B 57 A7 93k, D)y— 515 24 hr, X BBZ4HH LPS 2 Y B2 AT gk, * s 54 [
i p <0.01,
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32 LPS®EHER
BTk
321 AMEBEFEWE R K Lok E
Vi P 2 A4 ) B S 3 R U - R RS- 110
mV, ZEHEEN 20 m V, 45T MA-90 m V F[+70 m
V I ER AR, K 3 2 LPS fsisis s, Atk
B2 E 1) 16 T P 25 40 i FL AR 1 R S P R
W {2 05 5 1 L85 8D 3A, 3B il 3C 435 i AN R 40
SIAEAN R Ak, #B m iE L IR IR . AEf =i e
JE+70 mV T, 8BS 38 18 H U T A A R T
XFHRZH M 1753 p A, LPS {515 2 hr 418 3303 p A,
LPS 41)5 24 hr 20 1742 p A, 8 3D 7R, 5XF

i3 D 2 2 B §R B T RO

MR LL#, LPS WSS 2 hr, HH RS BT
(p<0.05, p<0.01); {H LPS {45 24 hr, H %
ST

322 'BMIEFEUE K42 LPS ARG 2 hr
J&, M AR R SME PR SR 48 hr J5 HLUERAK
S P A PR AL (R % B Y L3S . +70 mV
I AL, R 3 L R (R T, X R 1730
pA (Bl 4A), LPS 2 hr J5°5 1760 pA (&l 4B). W17
WEMES, B R LPS 4 5% 4 g, h
W B T (F 40), S5REM, LPS GpEn i
KEJG 2 hr 0935 o 2 L AEARSMGEFR 3 ~ 5 d, H
DIeRAEME -

A g+ B 4-
_ LPS 2 hr
= 1 nA I nA rmw +70 mV
34 34
Control
g 50 ms 150 ms et +50 MV
= 24 2 4
b= +70 mV
2 +50 mV ]
+
(j " +30 mV | r’v\,—’\m—- 30 mV
+10 mV
] (_M._—W +10 mV
04 S 0 ¥ ::::s‘—r
L l T l T I T l T | T l
0 100 200 300 0 100 200 300
Time (ms) Time (ms)
C 41
] D 160 7
—s—Control
1 nA .
37 - —o—LPS 2 hr
LPS 24 hr LPS 24 hr ~
= . = 1204 L
-g | 50 ms * p=<0.05 é i
Z 2 +70my  p<0.005 < /
5 +50 mV £ E
= @ 804 "
o | +30 mV 5
+10 mV = 404
o *
04 1z
/gi/
T T T T T 1 T E:A‘E#? T T T T T T
0 100 200 300 80 —40 0 40 80
Time (ms) -

Membrane Potential (mV)

Bl 3 PR 0 I h b 22 0 40 e 3 ) Bl A
K A-C, 020 AR PR 0 8 A R . A) X R 2 A o) 80 H I IR ; B) LPS £H(LPS 2 hr)#b ] 4 6, 375 i
{H; C) LPS 41(LPS 24 hr)4M i 47 B Ji iRE; D)X BRZH A LPS ZH A9 80 B, 7 35 55 b 2 1 OB A A SN I el 1 A b 0 1

T A L) o B ROk A1~ 15 DA . S IR IEEL, * KR p <0.05;

** FIR p <0.01,



464 TV ST S 44 &
A 4
I nA
37 Control
= 50 ms .
s C 120 1
g = +70 mV —1— Control
E +50 mV LPS 2 hr
. - +30 mV
+10 mV >
=
'é_ 80 =
01— T = T /T
: 1 . : , ] 2 "
0 100 200 300 A /I
Time (ms) E =
B 4q E 407 .-T/
L= /
34 1nA ) /E/I
LPS 2 hr &
< 50 ms =T o
i’ 74’ ms T ﬁ_l__g...l-—?’ T T | ' |
z +70 mV y )
= +50 mV -80 -40 0 40 80
ElN d
1 +30 mV Membrane Potential (mV)
+10 mV

T T T T ' 1
0 100 200 300

Time (ms)

Pl 4 PROME PERE TR 1 i 22 AN A L A Y AR
Pl A-B, I T b 28 200 (A S 5 % i F TR MR 0 4 30 T P D R o A) X 2L B9 b 1] 1 L s B) LPS ZHL(LPS 2 hr) Y4
i) BES FRL, C)XF RRZE A LPS 2 A 0 el 7 8 2 pbh 20 15T (R A s Dy IR Pl 5 AR B D0y 88 1ol 1 PR I ) . P b g —

HAFRRKA 13 DR F91E .

3.3 LPS ®EMEREBDMEMME BIRBE
LAk

331 AMIEFEWE LPS HEE &I &
220 LB PR R TS R 1) SR LR LI 5. /] SA
ST REZH AT LPS A1 AY 80 B8 3l s th 4k . 1A
5B, XMLV, 4 6.6 +54m V; LPS 2 hr 4
B Vi {HM 13.9 £ 3.8 m V; LPS 24 hr 40 V,, 1H
46.2+4.1m V& S5C, XL KAE N 28.0 +3.1;
LPS 2 hr ZHAY K {E°~ 24.0 = 2.2; LPS 24 hr 4 K
ol 31.2+44, 250 8/R, BIKLPS2 hr 411 Vi,
{5 LEXT R 5, (H2AE 2 LPS 2 hr 4138 )& LPS 24
hr 205 %} B4 LA B P Ge 2R 22 5 X R
XTHEZHRN LPS 4101 S i 2 40 i 11 3 ) - S 80%
AR EMEZES, R LPS B AT B oA i o ph 4

JHL A B - T A B 1 Bl ) e

332 fePEEEFEE Mg Kl 6 o LPS )5 2 hr,
AR AN 1 1 7 L5 21 1) T 5 P 2 240 i el s A4 12
B 3 T RO R ) B L TR 6 A SRy X BB 4 T LPS
ZH BB T TR 2R . & 6B R X BRALI
Vi, (R 147+3.9m V; LPS 4HIY V,, fHH 19.4 +
3.1m V., Kl 6C XA KEN: 21.9 £ 1.6;
LPS 4110 K {H M 20.4 = 1.4, 45520, X R4
LPS 8l )12 S50 A B 257

4 e

DAFEAIFFEUE R, H AR P S0E 35 41 0 13
18 Ky7(KCNQ & [H 4 ) 76 1t 22 22 48 e 3 22 (94
M, I EPEhl R X R A . AR
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B 20-
0 n=15
A
10 1 Control n
o LPS2hr
LPS 24 hr n = n=ll

E 101
>L"

-

(-]

E

C 054 0- i

- Control LPS 2 hr LPS 24 hr

]
C 404

n=11
n=I12 '|'
0.0 - 22 204
y T T T T T y T T T T
—-80 -40 0 40 80
Membrane Potential (mV)

Control LPS 2 hr LPS 24 hr

Bl 5 St 0 EE I il T e 25 200 i B 0 3 1) S R TR
AT HRZH AN LPS 4 A9 41 5 -3 38 AR S0 il 4 (Rl ol B e T, Al S - 40 I 40 8 B e ), B)XTARAL A LPS 211
Vi H; OXFERZHAN LPS 49 K B . LPS 41 Vy,, EA K ESHSX A vV, ER K ERE, TsitvEzs. A

M=

A — R H 11~ 15 A4 F 2 .

n=13
A 204
1O 4 ® Control o
o LPS 2 hr E
‘E 10+
>
-
< 0- ]
§ 051 Control  LPS 2 hr
© C
=]
n-13 n=13
20
g 8 8
0.0 4 e
& I & I g I & I T ) T
—80 —40 0 40 80
Membrane Potential (mV)
01—t : i

Contro LPS 2 r
6 RSN 85 5 1 b A 28 20 N 4030 3 1) S0 AR

A)XTERZEFD LPS 2H 05 85 3 T8 ) 80 il 42 (RSt Ml e, G\ oy 42 20 B 90 8 3l E Wi 5 ); B)XTRRZE AN LPS 41

Vi {85 CXF IRZFN LPS 41 K i LPS 209 Vo (EH K A6 5 X BB Vo (B K B AL, Tgeitae 2. Kb

BE— AR 13 G0 A
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Ji% A0 & T AP 18 A (Kv7.1 ~ Kv7.5), o pgfp
(Kv7.2 ~ Kv7.5)fE M4 R 4.4 £ ik (Hansen et al.,
2008), TREK-1 (TWIK-related K* channel-1)#jl & 1
HIE S 5T SR 24, X IIARAE BB Y
VAR TEN . B XA /NER, 1 il i
TREK-1 @& Bx /9 /) B 7 8 40 400 BB /Y &%
(Heurteaux et al., 2006),

ARG LK B AE—IK LPS VST 2 he 5, 2k
WL 2 (%) T A 2 200 L f 0 85 3 1 5 0k B L
B, HAR R BE T, HUR LPS {EfA 24 hr,
LPS ZH A4 25 i a8 5 0 B Lh e, Hrmmea
FEAE A BT LPS 755 Y S 28 S 1 6 s A P T
Vi b P 25 2 i P R AR B R R R AR, (ER
PR e = KBS RN o SR 51T R F R
JE—BHPPATHY, BI—IK LPS 1545 2 hr £ AR
FEAT M, LPS HESTIE 24 hr IAREEAT M IEAT & . X
FWIAMARFEAT SRy FT B8 5 T i 28 20 1 501 85 3
EYIReA %, B LPS i iR TR, AlREE
T i 28 240 PR AR B0 PR R TR A G, T LPS 5
SERAMARFEAT R A PR 2 7T fig 5 D i 25 4 i L
MR FL L B TE IR B A G X — RIS B il
i BH ;7] (Kaste et al., 2005)5¢ £ 85 1 i i & 4
(Heurteaux et al., 2006)E.48 ST ABE H AR IE & —
H

ABIF 5% DN B S - 38 T R Y A Ak UGIE
LPS 1 B A T S P 55 200 A B (8 453 43 AN S K AP
1y, A LMRE 0 B98I LPS VST 2 hr (191
Ly A, (ERSNER SR 48 he PN, HB RS TiE A
) FEL T 28 5 X6 R L AT S 3 1 o (AR AR AR
K% 48 hr Jg, PRS- I A0 R I R S A
L O A AR A, X BB, — Wk LPS 5%
) B 58 T X T i 25 20 U AR B 1) 5 e AN 2 R A
PR, FEMRSMEFE 48 hr J5 2RI LIVKE A . T7EIR
W, LPS {5 Ji5 24 hr i S 28 240 i i) 8 2538 8
A FEL 3 % B 5 0 A b O A B AR A, BB AR
PR P58 B ) T g 2 2 TR B B B R A X
— MG 5 ARG A A DT E b 2 2 M B R 1 IE
T R e B S R — B0 . WS R B, LPS Y
XTHRZAAR L, ANIBTERIN Stk S, AR Sh
MEVEREFRCIR T S P 2 20 OB B T3 1A O
FEVECAR B0 . XM E 1T R g S ph 22 20 i
B 3 Y LA R TR, T BRI
AL B 0B AR A LPS g
TEARA U A .

5 &he

LPS SRBEBIE e T Sh W IMARAE AT, I ad
g Ao 22 40 i P P AR P L 9 {H— K LPS %
SR IMARREAT Sy L2 B o 22 240 i P T O 40 R O
ARAAAT S IS A5O3 H] B — K LPS S 01 %
AR e SR 2R A B Bl )RR G
LT DABR B o 1 A 722 P PR e R TS
S AR S 1 43T HLBRBIE 5 04 [ P A0 i R ARGE,
BIVES T aE BB U TS A o i — ARk

Z % Wk

Belmaker, R. H., & Agam, G. (2008). Mechanisms of disease:
Major depressive disorder. The New England Journal of
Medicine, 358, 55—-68.

Berton, O., & Nestler, E. J. (2006). New approaches to
antidepressant drug discovery: Beyond monoamines.
Nature Reviews Neuroscience, 7, 137—151.

Bostwick, J. M., & Pankratz, V. S. (2000). Affective disorders
and suicide risk: A reexamination. American Journal of
Psychiatry, 157, 1925-1932.

Brewer, G, J. (1997). Isolation and culture of adult rat
hippocampal neurons. Journal of Neuroscience Methods,
71, 143-155.

Cuijpers, P., & Smit, F. (2002). Excess mortality in depression:
A meta-analysis of community studies. Journal of Affective
Disorders, 72, 227-236.

Dantzer, R., O'Connor, J. C., Freund, G. G., Johnson, R. W., &
Kelley, K. W. (2008). From inflammation to sickness and
depression: When the immune system subjugates the brain.
Nature Reviews Neuroscience, 9, 46—56.

De La Garza, R. (2005). Endotoxin- or pro-inflammatory
cytokine-induced sickness behavior as an animal model of
depression: Focus on anhedonia. Neuroscience and
Biobehavioral Reviews, 29, 761-770.

Elhwuegi, A. S. (2004). Central monoamines and their role in
major depression. Progress in Neuro-psychopharmacology
& Biological Psychiatry, 28, 435-451.

Franklin, A. E., Engeland, C. G., Kavaliers, M., & Ossenkopp,
K. P. (2003). Lipopolysaccharide-induced hypoactivity and
behavioral tolerance development are modulated by the
light-dark  cycle in  male and female rats.
Psychopharmacology, 170, 399—-408.

Frenois, F., Moreau, M., O'Connor, J., Lawson, M., Micon, C.,
Lestage, J., et al. (2007). Lipopolysaccharide induces
delayed FosB/DeltaFosB immunostaining within the mouse
extended amygdala, hippocampus and hypothalamus, that
parallel the expression of depressive-like behavior.
Psychoneuroendocrinology, 32, 516—531.

Hansen, H. H., Waroux, O., Seutin, V., Jentsch, T. J., Aznar, S.,
& Mikkelsen, J. D. (2008). Kv7 channels: Interaction with
dopaminergic and serotonergic neurotransmission in the
CNS. Journal of Physiology, 586, 1823—1832.

Hensler, J. G. (2003). Regulation of 5-HT1A receptor function
in brain following agonist or antidepressant administration.
Life Sciences, 72, 1665—1682.

Heurteaux, C., Lucas, G., Guy, N., EI Yacoubi, M., Thiimmler,
S., Peng, X, D., et al. (2006). Deletion of the background



4 WS A s Z2 WS BT BOR UM AR AT Sy BT it By i 22 240 i 4 L 3 A2 A 19 52 ) 467

potassium channel TREK-1 results in a depression-resistant
phenotype. Nature Neuroscience, 9, 1134—1141.

Hille, B. (2001). lonic channels of excitable membranes (3rd
ed.). Sunderland, MA: Sinauer.

Kaster, M. P., Ferreira, P. K., Santos, A. R. S., & Rodrigues, A.
L. S. (2005). Effects of potassium channel inhibitors in the
forced swimming test: Possible involvement of
L-arginine-nitric oxide-soluble guanylate cyclase pathway.
Behavioural Brain Research, 165, 204—209.

Kessler, R. C., Berglund, P., Demler, O., Jin, R., Koretz, D.,
Merikangas, K. R., et al. (2003). The epidemiology of
major depressive disorder: results from the National
Comorbidity Survey Replication (NCS-R). The Journal of
the American Medical Association, 289, 3095-3105.

Kuang, X. Y., Lin, W. J., Wang, D. L., Qi, X. L., Pan Y. Q.,
Sun H., et al. (2011). The effect of cholecystokinin
octapeptide on  lipopolysaccharide-induced  sickness
behavior and peripheral cytokine secretion. Acta
Psychologica Sinica, 43(3), 283—293.

B3, MOCH, AR, TTREE, W A, N,
(2011). NRZE W 4E 3 %) i 2 W55 & B9 4T ) A1 Jal 4
M FRsem. O PES2R, 43(3), 283-293].

Lucassen, P. J., Miiller, M. B., Holsboer, F., Bauer, J., Holtrop,
A., Wouda, J., et al. (2001). Hippocampal apoptosiss in
major depression is a minor event and absent from
subarease at risk for glucocorticoid overexposure.
American Journal of Pathology, 158, 453—468.

McLanghlin, B. A., Pal, S., Tran, M. P., Parsons, A. A., Barone,
F. C., Erhardt, J. A., et al. (2001). P38 activation is required
upstream of potassium current enhancement and caspase

cleavage in thiol oxidant-induced neuronal apoptosis.
Journal of Neuroscience, 21, 3303—-3311.

Pan, Y. Q., & Lin, W. J. (2006). Hippocampusal serotonergic
neurotransmission and depression. Chinese Journal of
Behavioral Medical Science, 15, 379-380.

[ BT, PROCIR. (2006). 155 5-3 6 RS SMARRE. 77
174 B Fl#, 15, 379-380]

Pan, Y. Q., Wang, D. L., & Lin, W. J. (2007). Animal research
on immunity activation-induced depressive-like behavior:
Doses and time effects. Acta Psychologica Sinica, 39,
1041-1047.

O B, TARK, MCIE. (2007). JE 20 frs s S 350m
BOPEAT A IS BT : SR RO . O BEHR, 39,
1041-1047. ]

Spijker, J., de Graaf, R., Bijl, R. V., Beekman, A. T. F., Ormel,
J., & Nolen, W. A. (2004). Functional disability and
depression in the general population. Results from the
Netherlands Mental Health Survey and Incidence Study
(NEMESIS). Acta Psychiatrica Scandinavica, 110,
208-214.

Wang, D. L., Lin, W. J, Pan, Y. Q., Kuang, X. Y., Qi, X. L., &
Sun, H. (2011). Chronic blockade of glucocorticoid
receptors by RU486 enhances lipopolysaccharide-induced
depressive-like behaviour and cytokine production in rats.
Brain, Behavior, and Immunity, 25, 706—714.

Yu, S. P, Yeh, C. H., Sensi, S. L., Gwag, B. J., Canzoniero, L.
M., Farhangrazi, Z. S., et al. (1997). Mediation of neuronal
apoptosis by enhancement of outward potassium current.
Science, 278, 114—117.

Upregulation of K™ Current in Hippocampal Neurons from Rat with Depressive-Like
Behavior Induced by Lipopolysaccharide

CHI Shao-Peng1’2’3; QI Zhi*; J1 Guang-Ju3; KUANG Xue-Yingl; LIN Wen-Juan'

('Key Laboratory of Mental Health, Institute of Psychology, Chinese Academy of Sciences, Beijing 100101, China)

(*Graduate School of the Chinese Academy of Sciences, Beijing 100039, China)

(*National Laboratory of Biomacromolecules, Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China)

(“Department of Physiology, Medical College of Xiamen University, Xiamen 361005, China)

Abstract

Lipopolysaccharide (LPS)-induced immunity activation can result in evident depressive-like behavior, such

as anhedonia and reduced locomotion. Earlier studies have shown that K+ channels, such as Kv7 and TREK-1,

are involved in the development of depressive-like behavior in animal models. In the present study, we show that

LPS (200 pg/kg) could induce significant short-term depressive-like behavior in rat. In order to get insight into

the underlying molecular mechanism, we investigated the potential involvement of rat hippocampal neuron

voltage-dependent K+ channels in the depressive-like behaviors induced by LPS. Methods: Twenty rats were

randomly divided into LPS and control groups, each with ten rats. The rats in the LPS group were injected with

LPS (200 ng/kg), while saline was injected in the rats of the control group. The saccharin preference test and

open field test were carried out 2 hours and 24 hours after injection of LPS to assess short-term or long-term
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effects on animal behavior, respectively. Next, 12 rats were randomly divided into LPS 2 hr, LPS 24 hr and
control groups, each with four rats for assessing the effect of LPS on K+ channel currents of hippocampal
neurons by using whole-cell patch-clamp configuration. Results: The data showed that LPS induced
depressive-like behavior in rat after 2 hours of single injection. However, this depressive-like behavior was
recovered after 24 hours of single LPS injection. In agreement with these behavioral observations,
voltage-dependent K+ current density was increased in neurons isolated from rat after 2 hours of single LPS
injection, whereas no significant change was found after 24 hours injection. Conclusion: Our results demonstrate
that LPS—induced immunity activation can result in evident short term depressive—like behavior in rats, which
are coincident with LPS induced up-regulation of voltage-dependent K+ current in rat hippocampal neurons.
This result suggests that voltage-dependent K+ current might contribute to the development of the
depressive-like behavior induced by LPS.

Key words lipopolysaccharide; depressive-like behavior; hippocampal neuron; voltage-dependent potassium

channel



