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Etanercept #_#-TNF-a4% % % p75fcTNF-0.% & 338 i fr A $p1gGl & £ 3§ F-v ¢ ch
R |:'_]§ﬁ€. -4z @A s - II}ﬁﬁL‘ -9 o P wetanercept® A TIRA L o - L
Mg o dosf b RIEM & L o BT 8 B or 11 % TNF-af2 %7 etanercept £ )?f‘@ill’r—"’ N
TS BRI A 0 BT AR E AR F 1 P glutamatesf# 3 ~ B 12§ (reactive oxygen species,
ROS) 2 &2 4 32 COX-2%v 2 £ I - i‘%f\‘- Parae > B om ¥t etanerceptip 0 LPS2. 3 IE R
B3 0 bt 3 R TNFasng 2 2 s ROS-§ F § 0 Bt A Bz b
oo i EReraeg e Tt > AR Y KRR stetanercept £_F S5 d e |#F R S LPSHE TR
FEREE S A5 pd A H?% E,% & ,JW‘%v‘ TNF-a & 4 » @ Z 0|34 05% o 1 & §_
FU# ki p@ 3t f 3+ T AR E W 4R T (preoptic region of anterior hypothalamus, POAH)Z2. fici%
FriE g Rjc e b2 FAr4 o2 F pod A2 PIEPEJ* K AL B (salicylate) T frd 3
pod A5 48 T 2, 3-2 A F 7 (2, 3-dihydroxybenzoic acid, 2, 3-DHBA)2_ 44> kB £
TALE Y2, 3- DHBA M A4 & 5 fd A2 £ 0 & £Rfpl {17 § »ci 48 & 1972 (high
performance liquid chromatography, HPLC). % & & & 1 B & kB & 5 + 7 ’ij‘i',% Ey2 )k & A
r %% i 4R B 2 (enzyme-linked immunosorbent assay, ELISA) kB[ £ o @ & > 2
Heig— I d 2 BB AR IL-Trai > TARE WA A By A 2 LT S el T 5k
§ it pF-2 (cyclooxygenase-2, COX-2)d-v % AT o F|pt » A7 F S5 K7 a%x%
etanercept® v % WHFrHILPS e d F A H A 2 1A%k Y TNF-a% TALE 2 f5/&f~4 § pd A
% ;'JH’T‘Ez vom EPIfEEITY o
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AFMEETZaF > AR EXFTARE DR (preoptlc reglon of the anterior
hypothalamus, POAH) 733 3 ﬂﬂ TR IHBRR AR R A 0 T UG s
g A TR R gl P %(thermoreceptors)"# @~ e g o );:‘; B RBEER

S2E-RENEN I A =S Rmm_)i > A %“' /B 3% ¥ _BE(set-point temperature)(Boulant,
1998) - % ’%Kﬁﬁ%ﬁb B b ¥ A e i m}i;}»L CH O AT T R R ral A g LR
B BT &G TARS HIED Y %2 K T E(set point of thermoregulatory center) 3 * J

2k 3;,31‘? v i p_u‘g?_rﬁ AT 7‘%’ z };. 'Lm_fi(Kluger, 1991) o H KL p F&é *"#ﬂ}:‘? H’.);}& {%L
A ;,j » A F M # & (endotoxin) 2 *y % FE( lipopolysaccharide, LPS)#751 424 & F 2

L B & 3% o LPS & fF < 14512 7 ( Gram negative bacteria) fn*# B b 5led & = i >
sm Er]p\ F ZE RPN R4 N A KRk R, 0 ok F(chills) ~ B E - FER
(headache) ~ Pz i JE (sepsis) ~ P a4 ik 5 ( septic shock)(Parrillo, 1993) - A % B » & & =
9321 § % 7™ Pz Jz(Angus, et al, 2001) > @ 2 pro ik 50 {8 E50 %
(Salvo et al., 1995) o p %0 LPS5 1422 Eenid & » ¥ it £ LPST| ;5 H % 3 (monocyte) & E
¥ 4 2 (macrophage) 2 4 — 1 3R 44| "2 5% (pyrogenic cytokines)4-TNF-o  ~ IL-1 ~
IL-6 » @ % 3 5z % ‘& (Luheshi, 1998 ; Dinarello,1999) - I >t iz d & ;& ¥ fhpyrogenic
cytokines i@ ¥ % A FG3I0 » @ 3142 FEF B o P » 07 i 1% # §_i5 & pyrogenic
cytokines Sf ¥ m % JAFRIE » 3T % Z FpF Wk 0 4R 2 R (optic chiasma) b & - i
circumventricular organ - T 7 & F R F ¥ 3 E F (organum Vasculosum laminae
terminalis, OVLT) > d **OVLTF T TAREF WEAIP fH A D FF 7 7 8 5k ¢
% 3 7 "gfasg(blood brain barrier) (Hashimoto et al., 1994) » #1170 ¥ juiF - :E wR e 2
REFERE» P FE > FHLIL-1 > & {EOVLT FiTchp A wre ~ jic | Wiwre ¥
cyclooxygenase (COX-2)# #]2_ % Z(Lacroix and Rivest, 1998; Quan et al., 1998)> i&a &
4 5 7 ’Jﬁi’% E, (prostaglandin E,, PGE,)( Komaki et al., 1992) » iz PGE, ¥ ® &%+
T AR AR T (Stitt,1986) 2t 1T 4 AOVLT p > @ T T AR E g 5 (Ota et al,,
1997) > i&m & BRE I 4P R K 22 R PR A F RO ER EREE
e1IR % (Saper and Breder, 1994) - p = er%‘r“,f T PGE, A R R A EnE RN P
b BTAT T g glutamate fod R ER B M o 1% SEA E%1ET LFp  T)
i ’}‘r (microdialysis) > /2 £ OVLT % & & "o # 8k > B % #F IMSEA & d 3 p 7 3ldeg
% i % OVLT % s glutamate 2. + = > @ © SEA #731422 % &% glutamate 2 f§3230¥ 4%
NMDA receptor antagonist MK-801 % ketamine b'“r:ffﬂﬁf'l (Huang et al., 2001) ; f pL 2 #h o Fuipe Tm R
WERA ¥ * fhjz#dlacetaminophen % aspirin %¥ i i drlglutamate i > @ R T BhiE A
i * (Huang et al., 2003a ; Huang et al., 2003b)

BT T 7 AL YR fL (glutamate) 2 2 ¥ p d 2K (hydroxyl radical){-LPS &
3 B ( Huang et al., 2006; Kao et al., 2007a) - Abramov % * % I & cortical neurons Floxygen
and glucose deprivation (OGD) i = glutamate s §# 3x » 7 i i 3 shm 72 Ca2+r'7'75;kl B o _ngeit
NADPH oxidase > @ i¢ = ROS3f 4 ( Abramov et al., 2007 ) » @ ¥ fE EPG3E < 548 (striatum)



%4 glutamate > 1 * fici% 47 $£ T8 T R] ¥ hydroxyl radical F 3§ 4r ¢3R4 (Lancelot et al,
1998a ; Lancelot et al., 1998b) » k% > A48 *t(invitro)F % % 7 ° 7 #F INMDA £ X B2 i#
it ¥ i¢ = w2 2 4 < F choxygen-derived free radical (Lafon-Cazal et al., 1993 ; Lafon-Cazal et al.,
1995; Culcasi et al., 1994 ; Gunasekar et al., 1995) - ¥ L > LPS¥ it & 3% sEglutamate2. f#73c » &
@ 3% $¥hydroxyl radicalz. &2 # > @ 5148 EFr i o

ROS and Fever

“r3) & 1t ¥ p d A (reactive oxygen species ; ROS) Aiddp R+ 2T,
FIAIHL I EFRAFRE  TECARRAR BT o B e F3F S AN

pd Ao bldel & § pd A (hydroxyl radical ; OH' ) ~42 % p o A (superoxide
radical ; O, ) ~# % * & (hydrogen peroxide ;s H,O,) ~— % i § A d & (nitric
oxide ; NO') % it & # ( Bal-Price etal., 2002 ; Ciuseppe,2002 ; Sies, 1993 ) - i&
Eapd AVvdBpFIwmedd o FErd i@y o HY EF 3 (HO0,)

T - BagFuaosrd v ad diFmen ¥ A& 3T it T Fenton reaction,
Haber Weiss reaction) p {74 2% & ¥ p ¢ #(hydroxylradical ; OH ) > & % p

d AT -FF BHARwdpd Ao Ar ¥ 2B RET > wig A LRI gpd

ARE3 P EDrg R B AT A2HFRT - dWH T35 2 XHTF 0 F
A AT OGN g w2 A AT e T3 5 PP Y T et
Aaldesy T F 1 SDNAS A BORE T B2 54 Tt 2 s i £ % B

7+ = (Cuzzocrea et al., 2001) - “,ﬁ% prz b opd A forgdRaka ~ ¢ b AT e R 5
TopF Foraldez ke B L F B~ 2 # 7% A it (atherosclerosis) 7 B (Gunasekar et al.,
1995; Guo and Ward, 2000; Podrez et al., 2000; Yang and Lin, 2002) o 3T 7%= 7 7% 3 I
reactive oxygen species vt R 2 &3 B o Riedel ¥ % BLPS ¥ %+ + v B4
3V A jf: ® pl#¥¥ oxygen radical F g 4cIL % > @ ¥ f* — & hydroxyl radical scavenger
4omethylene blue ~ o-lipoic acid # aspirin % ¥ Fr#|LPS #73ldez HIEZ & fffgoxygen
radical 2. # 2 (Riedel and Maulik, 1999; Riedal et al., 2003)° & 3T 7 7 3 % 7= &H F # %
A sLPS¥ i3 = g ¥%hydroxyl radicalih 3 4v » @ ® fcLPSc® & T IR+ 4p B > )
* g 1t A a-lipoic acid 2 aspirin*‘ff;’i’?’ Fr 4| LPS #7134 ¥ "% % hydroxyl radical &
4 @i P24 g% (Huang et al., 2006; Kao et al., 2007b) - F $ ¥ - 2\
R R ?i_f(baicalin) FfEH 1T * 7r g 3% 1§ $r 4 hydroxyl radical# g 24 #1 3R
(Tasi et al.,, 2006) > d p* ¥ &r & LPSH &4 /2§ ¢ 7 hydroxyl radicalz %
o P oA iF b HEYp R or LPSV ] "ain % mre 2 4 ROS > @ & it NF-xB (Dimayuga et
al., 2007; Lee et al., 2006) ° B.iT > i % 7 % INF-kB7~ fr# Rt 3 &5 B > §1* NF-«B
Fr ]3] 4opyrrolidine dithio carbamate (PDTC ) sodium pyrithione % N-acetyl-L-cysteine (NAC)
Fr s 43 P i F##|LPS (Lee etal., 2003) % SEA (Shao et al., 2004 ) ¥ Faga ¥ 1
fm*2 (peripheral blood mononuclear cells, PBMC) #t & # 2 IL-1p ~ TNF-a% IL-6 > i& 7 Fr4]H
9051422 MR i o Kozak % 4 #-LPS# %% ;1 3 2 NF-kBAA Fl4t £ 40 83 » $R 37 ¢ Jide
ZEF i (Kozak et al.,, 2006) - d pt ¥ Fvik ENF-xBes i A Rt 208 g ©8 4 4oL
AT Y BT PRI SLPS, IL-18, TNF-a38¥ &€ BPeI% N 4 twbe 2 )40 59 ¥ (microglia)
i i8] 3] COX-2 4 F)2_ % 7 (Lacroix and Rivest, 1998 ; Quan et al., 1998) Yopit F + - 050 117
T w®FALPS £% ¢ § 3% A%+ %A (staphylococcal enterotoxin A; SEA ) %

T,

N
S



IL-1BR ¥ 235 3§ 7% 1 "9 FRiNOS-COX-2i4 /5 » @ A f + P 51424 % 5 i (Huang et

al., 1997 ; Lin and Lin,1996 ) » #m $3t b 2 M R RLPS*15l422 HFEE F 5B %S &
4 2 ROS# /&£ NF-kB» ¥ HRRCOX-2+ £ 22 PGE,inA 4 > A slA=g'EFr B P a0 7R
* 5o

The clinical study of etanercept

TNF-042 B2 &4 A A4 > A W] 5pSSEp75- @ A a7 G425 B A § e
?’3’;5 F B doAd Fiwe ~ W w2 (glia) (Benveniste and Benos, 1995) - Etanercept®_
T A F]I A2 2 B TNF-0d% X Bp75fcTNF-0.% & ef = o L $lgGl L B 3k Fev ¢ e
Fc;‘fi s - Az @A) - B & k-9 (fusion protein) (Moreland etal., 1997)
AL B PP LA B9 ol rsmrﬂwbm, AELRAESFL G RESLEY
Etanercept #] sc fvTNF-a%% & > @ > TNF -0 fcTNF-ad% % B it # > F] L etanerceptist
s EINFS L 3 wie kX Bepdproin s dr 43 (Mease, 2002) -

Etanercept #]¥ fr48/% ¥ cn TNF-0 % &> @ B> w2 %+ TNF-0 &% B Hﬂ{l};‘,@ﬁr’
e feETH s L B @ fE O LK e 4 o B oW etanercept © AL T TR
Vsl NG e gD A i doiz et B & % (Mease et al., 2000) ~ & 2 1+ 4 42 X (Eou et al.,
2006) ~ M5 v% (Howarth et al., 2005) % #g b ;R8¢ & & (Kalden,2002;Bathon
etal.,2000 ) > @ * Korotkova % * 7% ¥ I etanercept ¥ #r#] LPS {1k &% ¥ E viime
COX-2 z_ 4 %2 PGE, A # (Korotkova, 2000 )

Etanercept i* 3 TNF-a % B g sain L (e H > FlpEd » BHR* 3|7 F
B4 o5 o w4 BEdE 5 (spinal cord injury ) # % ¢ BEor A R 1S € @ AR F‘E
Pe m iR REfelnir i E < £ 2 4 > @ YLVRIL 5t etanercept s 49 7 AR E OB LKA
ERFGE I S RREIAGE o 2 BT R AREI G R F 1§
& = f# (inducible nitric-oxide synthase, INOS ) ~ COX-2 % 'm*® jjr% TNF-a % IL—IB =]
F I o@m 2o sg AR AR G ) Rissanim# # it (Genovese etal, 2006) ° fud
5 cp A~ 3 > Campbell & A 1% IL-1BMcE /L5305 B E P > BRI (& h
wmEFE R ,‘f’gﬁb ¥ 51424 4 F & (acute phane response ) » @ & 3%+ £ % 3L TNF-a ;
M iF B %4 etanercept it 59 5 5 MUK TNF-a en & > Fl@ '8 <2530 endf i (Campbell et
al.,2007 )

BT T 7 BT %R F 2B (heart failure ) * v BUPG# T AR % 4% % (paraventricular
nucleus, PVN)TNF-OL i ~ =A@ ¥ TNF-o 7 i 243 #% ¢ glutamate 2 superoxide
e o @ AR R A GEREE > A ’?%% BT oo J TNF-a |
etanercept & pentoxifylline %% % JL &4+ > 43 +% ¢ glutamate <77 & (Kamg et al.,
2009 ) ; fix# L+ etanercept & pentoxifylline ¥ > T AR F AR F {5 P (reactlve
oxygen species, ROS) 2. 2 4 (Guggilam et al., 2007 ) & COX-2 #-v 2_% K(Kang et al.,
2006) > @ o —;ﬁ’f‘“‘:')m kR o

2 A v fLiE (excnatory amino acid transporter, EAATZ,) ¥_#% © F&4? &%
A ﬂi—glutamatmk;\ ﬁ'ﬁ o, “’T‘ (Tanaka etal.,1997) - & glutamatez. woj@ = 48 > #-
€ Wi F lmz e Fglutamatemiﬁ.ﬁ v om i A e g7t = (((Choi, 1988 ) 5 i (kR
7 % MTNF-oF #F|EATT2:4 > @ i@ = w2 *t glutamate 2 H#c (Pickeinggetal., 2005;
Sitcheran e tal., 2005 ) o #.31T & A F7 7 7~ % "% F %+ TNF-0 ¢ i# = glutamate% hydroxyl



radical=h3 4 » @ 51428 F & (Tasi et al.,2006; Huang e tal., 2008 ) - 32 > &
HiTEa @IFEH R % > Pl¥E > Tetanercept2 fRFSHE R LIFE~ 27 fE O FE P R
ol wmie e E 2 A 4 b Vs B drd] fedtglutamate 2 hydroxyl radicalz. &2 4 » @ BT %
COX-2#% %2 PGE,2. 24 > @ K& |4 iv* o

(=) B3

(1) Surgical Techniques

Adult male New Zealand White rabbits, weighing 2.0-3.2 kg at the start of the study, will be
used. Animal chow and tap water will be available ad libitum. The ambient temperature (Ta) in the
animal room was 22 * 10C; light and darkness will be alternated, with light on from 6:00 a.m. to
6:00 p.m.

The animals will be received a prophylactic injection of the antibiotic, gentamicin sulfate (18
mg/kg, im), and 1 h later will be anesthetized with sodium pentobarbital (30 mg/kg, iv). A sterile,
microdialysis probe guide cannula with an indwelling stylet will be implanted stereotaxically into
the left preoptic anterior hypothalamus (POAH) of each rabbit [coordinates, in mm, A2.5, L.2.0,
V15] or 6-mm-long, 17-gauge, thin-wall stainless steel into the right lateral cerebral ventricle
[coordinates, in mm, P 4.0, R 3.0, V5] according to the atlas of Sawyer et al. (1954) and fixed to the
skull with dental acrylic cement and four self-tapping, miniature, stainless steel screws. After
surgery, the guide cannula will be plugged with a stylet, and animas will be returned to their cages

for a minimal recovery period of 1 week.

(2) Animals and Pyrogen Assay
Experiments will be conducted between 0900 and 1900 h, with each animal being used atan

interval of not less than 7 days. Throughout the experiment, colonic temperatures will be measured
every minute with a copper constantan thermocouple connected to a thermometer ( HR1300,

Yokogawa, Tokyo, Japan ) .The colonic temperature of each animal will be allowed to stabilize for
at least 120 min before any injections. Only animals whose body temperatures are stable and in the
range of 38.6 t0 39.7 °C will be used to determine the effect of drug application. All experimental
animals will be obtained from the animal center of Chi-Mei Medical Center. (Tainan, Taiwan,
ROC). The animal protocol described here will be approved by the animal ethical committee of
Ch-Mei Medical Center.

(3) Microdialysis for detection extracellular glutamate

At least 1 h before an experiment, the indwelling stylet of the guide cannula will be replaced
by a CMA-12 microdialysis probe purchased from CMA/Microdialysis (RosLagsvigenfiStockholm,
Sweden) so that its dialysis membrane tip protruded exactly 4.0 mm beyond the guide tube.
Dialysate samples will be collected at 20-min intervals over a period of 10 hotrs, and-stored at -70
‘C until glutamate determination. For measurement of extracellular glutamate ia anterior
hypothalamus of rabbit brain, a CMA/12 microdialysis probe will be inserted into the-guiding
cannula. According to the methods described previously by Huang et al«¢ Huang et al., 20047 with

slight modification, an equilibrium period of 120 min without sampling will be allowed after probe



insertion. The microdialysis will be perfused at 1.2 1/min, and the dialysates will be sampled in
microvials. The dialysates will be collected every 20 min in a CMA/140 fraction collector. Aliquots
of dialysates (2 1) will be injected onto a CMA 600 Microdialysis analyzer for measurement of
glutamate. The thermal experiments will be started after showing stabilization in four consecutive
samples. In the present results, an equilibrium period of 4 h assures a stable level of the
extracellular substance tested. Glutamate is enzymatically oxidized by glutamate oxidase. The
hydrogen peroxide formed reacts with N-ethyl-N-(2-hydroxy-3-sulfopropyl)-m-toluidine and
4-amino-antipyrine. This reaction is catalyzed by peroxidase and yields the red-violet colored
quinonediimine. The rate of formation is measured photometrically at 546 nm and is proportional to

the glutamate.

(4) Determination of extracellular hydroxyl radical in the hypothalamus

For measurement of extracellular hydroxyl radical in the POAH, the implanted probe will be
perfused with artificial cerebrospinal fluid (aCSF) containing 10 mM salicylic acid by a high
pressure pump (CMA/Microdialysis; RosLagsviagen, Stockholm, Sweden) at a flow rate of 1.2
pul/min (Huang et al., 2006). It is known that salicylate can react with hydroxyl radical to generate
stable dihydroxybenzoic acid (DHBA) derivatives, particular 2,3-DHBA, which can be used as in
vivo indices of hydroxyl radical levels (Halliwell et al., 1991). The 2,3-DHBA in dialysates will be
measured by high-performance liquid chromatography with a two-channel electrochemical detector
(LC-4C, BAS, Bioanalytical System, West Lafacyette, USA).

(5) Measurement of prostaglandin E, in the hypothalamus

For measurement of hypothalamic PGE2, the dialysis system will be connected to
microdialysis pump and perfused with artifical cerebrospinal fluid at a flow rate of 1.2 pl/min. The
unanesthetized animals will be restrained in rabbit stocks for at least 120 min to achieve a stable
dialysis level of PGE2. Dialysis samples from the POAH will be collected into microdialysis vial at
60 min intervals for 8 h and they will be stored at -800C until analysed within 7 days.
Immunoreactive PGE2 concentrations in dialysates will be determined using commercially
available enzyme immunoassay kits (Cayman Chemicals Co, Ann Arbor, MI). Triplicate aliquots of
50 pl sample will be added to each well of plate and each sample will be assayed at a minimum of

two dilutions. The limits of quantification for PGE2 is 20 pg/ml.
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(=) %

f7 AR KA RALPST A2 B ¥ BSEE o ndck @ B AE L RER 0 BT
A2 %2 %% (Romanovsky, etal, 1998) > @ ¥ A ik % # 4~ e FH#F > ¢ 3 %+ (Dinarello,
2004) %2 + v & (Romanovsky, et al, 1998) o & %[ * & & (0.5ug/kg) v 2 4 ¥ ¥ 3% >
ARAEQ-10pgke) VAL EEZFE BRI o T FRPEEF ELNNE
LPS# 754904 45 % 1804 45 -
Etanercept #_% d A F]1 48 > ;2 #-TNF-0d% % B p754f-TNF-0.% & Ak = 4r £ 4f
IgGl % % 7k 39 ¢ eFcR Wﬁﬁ -4 @A - B & k9 (fusion protein)
(Moreland et al., 1997) - P @ etanercept® # & * N qkk F iofk — £ 8 L an i
doiz et B & (Mease et al., 2000) ~ £ & 4% 42 (Eou et al., 2006) ~ Bt =4
(Howarth et al., 2005) % #g kb ;&R & U (Kalden,2002;Bathon etal.,2000) > @ ¥
Korotkova & A 7= 3¢ IR etanercept ¥ #r #|LPS 1 b &% ¥ E v w2 COX-22. % M %
PGE,s# # (Korotkova, 2000) -
A H BT R A R Fetanercept™ 15 iEFr | LPS AN W A 4 2 $OREE - &
5 pd A% PGE2> A I fEHeni®? > mighAd A2 Hi F%k"%F baicalin (Huang et al,
2006)3% curcumin (Huang et al, 2008) 3%+ i i 4p i e R D2 eniv® o %2 > 2IL-10 1
BT LS > T HrAILPSZ B R o @ H S0 & 25 B Hr S LPSHr BT AL 2 % vRefik-
i % pd éz@&j PGE2#7 & 4 » @ 3| f#4 2 (T% o
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Fig. 1. Mean = SEM changes in core temperature (Tco) in rabbits injected intracerebroventricular

(i.c.v.) with either saline plus saline (i. v.)(O) (n=6), saline(i.c.v.) plus LPS (i. v.) (2 pg/ kg) (@)
(n=6), Etanercept 100 ng(i.c.v.) plus LPS (2 pg/kg) (i. v.) (») (n=6), Etanercept at 50 ng(i.c.v.) plus

LPS (2 pg/kg) (i. v.) (m) (n=6), Etanercept at 10 ng(i.c.v.) plus LPS (2 pg/kg) (i. v.) (a) (n=8). TP <
0.05, significantly different from corresponding control values (olive oil plus saline group)
(ANOVA followed by Dunnett’s test);* P < 0.05, significantly different from corresponding control
values (olive oil plus LPS group) (ANOVA followed by Dunnett’s test).
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Fig. 2. Mean £ SEM changes in glutamate (Glu) release in POAH with in rabbits
injected intracerebroventricular (i.c.v.) with either saline plus saline (i. v.)(O) (n=6), saline(i.c.v.)
plus LPS (i. v.) (2 ng/ kg) (@) (n=6), Etanercept at 100 ng(i.c.v.) plus LPS (2 pg/kg) (i. v.) (»)
(n=6), Etanercept at 50 ng(i.c.v.) plus LPS (2 pg/kg) (i. v.) (m) (n=6), Etanercept at 10 ng(i.c.v.)

plus LPS (2 pg/kg) (i. v.) (a) (n=8)TP < 0.05, significantly different from corresponding control
values (olive oil plus saline group) (ANOVA followed by Dunnett’s test); * P < 0.05, significantly
different from corresponding control values (olive oil plus LPS group) (ANOVA followed by

Dunnett’s test).
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Fig. 3. Mean £ SEM changes in hydroxyl radical generation in POAH with in rabbits injected
intracerebroventricular (i.c.v.) with either saline plus saline (i. v.)(O) (n=6), saline(i.c.v.) plus LPS

(1. v.) (2 pg/ kg) (@) (n=6), Etanercept at 100 ng(i.c.v.) plus LPS (2 pg/kg) (i. v.) (») (n=6),
Etanercept at 50 ng(i.c.v.) plus LPS (2 pg/kg) (i. v.) (m) (n=6), Etanercept at 10 ng(i.c.v.) plus LPS

(2 pg/kg) (1. v.) (a) (n=8)TP < 0.05, significantly different from corresponding control values
(olive oil plus saline group) (ANOVA followed by Dunnett’s test); * P < 0.05, significantly
different from corresponding control values (olive oil plus LPS group) (ANOVA followed by

Dunnett’s test).
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Fig. 4. Mean £ SEM changes in prostaglandin E, generation in POAH with in rabbits injected
intracerebroventricular (i.c.v.) with either saline plus saline (i. v.)(O) (n=6), saline(i.c.v.) plus LPS
(1. v.) (2 pg/ kg) (@) (n=6), Etanercept at 100 ng(i.c.v.) plus LPS (2 pg/kg) (i. v.) (») (n=6),
Etanercept at 50 ng(i.c.v.) plus LPS (2 pg/kg) (i. v.) (m) (n=6), Etanercept at 10 ng(i.c.v.) plus LPS

(2 pg/kg) (1. v.) (a) (n=8)TP < 0.05, significantly different from corresponding control values
(olive oil plus saline group) (ANOVA followed by Dunnett’s test); * P < 0.05, significantly
different from corresponding control values (olive oil plus LPS group) (ANOVA followed by

Dunnett’s test).



Table 1. Effects of central administration of etanercept one hour before the LPS injection on the

febrile response to intravenous injection of LPS in rabbits.

Treatments Fever index (FI, °C - h)
Saline + Saline FI1=0.98 +£0.07

Saline + LPS (2 pg/kg) FI=8.15+0.11"
Etanercept (10 ng, i.c.v.) + LPS (2 pg/kg) FI=7.38+0.15
Etanercept (50 ng, i.c.v.) + LPS (2 pg/kg) FI=4.49+0.13"
Etanercept (100 ng, i.c.v.)+ LPS (2 ug/kg) FI=3.87+0.11"

The values are means = SEM of 8 rabbits per group. FI represent fever index for 6 h experimental

observation.
fSignificantly different from corresponding control value (vehicle plus vehicle group) (P < 0.05;

two way analysis of variance followed by Dunnett’s test);
"Significantly different from corresponding control value (vehicle plus LPS) (P < 0.05; two way

analysis of variance followed by Dunnett’s test)



Table 2. Effects of central administration of IL-10 one hour before the LPS injection on peak Tco,

glutamate, and hydroxyl radicals elevation in POAH in response to LPS in rabbits.

Response
Treatments early phase late phase
Peak Tco (©)
Saline + Saline 0.18+ 0.0.05 0.23 + 0.08
Saline + LPS(2 pg/kg) 1.57+0.12° 2.25+0.08"
Etanercept (10 ng, i.c.v.) + LPS (2 ug/kg) 1.52+0.17 1.85+0.12°
Etanercept (50 ng, i.c.v.) + LPS (2 pg/kg) 0.67+ 0.07" 1.35+0.11°
Etanercept (100 ng, i.c.v.)+ LPS (2 pg/kg) 0.62+0.15° 1.15+0.13"
% of mean basal levels of glutamate
Saline + Saline 104+ 5 95+9
Saline + LPS(2 pg/kg) 168+ 9F 263+ 7"
Etanercept (10 ng, i.c.v.) + LPS (2 pg/kg) 98 + 8" 226+ 7"
Etanercept (50 ng, i.c.v.) + LPS (2 pg/kg) 102+ 12° 149+ 6"
Etanercept (100 ng, i.c.v.)+ LPS (2 pg/kg) 155+ 4" 135+ 8"
% of mean basal levels of hydroxyl radical
Saline + Saline 102+3 99 +3
Saline + LPS(2 pg/kg) 138+ 6 151 =2
Etanercept (10 ng, i.c.v.) + LPS (2 ug/kg) 123 +4 136+ 5"
Etanercept (50 ng, i.c.v.) + LPS (2 pg/kg) 115+9° 115+ 4"
Etanercept (100 ng, i.c.v.)+ LPS (2 pg/kg) 105+ 4" 108 +3°

The values are means = SEM of 8 rabbits per group. Rabbits injected LPS (2ug/kg) produced a

biphasic fever which peaked at 80 mins (early phase) and 200 mins (late phase) after LPS injection.
"Significantly different from corresponding control value (vehicle plus vehicle group) (P < 0.05;

two way analysis of variance followed by Dunnett’s test);
" Significantly different from corresponding control value (vehicle plus LPS group) (P < 0.05; two

way analysis of variance followed by Dunnett’s test).



4

Al-Ashy, R., Chakroun I., El-Sabban, M. E., Homaidan F. R. 2006. The role of NF-kB in mediating
the anti-inflammatory effects of IL-10 in intestinal epithelial cells. Cytokine 36: 1-8.

Angus, D. C., Linde-Zwirble, W. T., Lidicker, J., Clermont, G., Carcillo, J. and Pinsky, M. R. 2001.
Epidemiology of severe sepsis in the United States: analysis of incidence, outcome, and associated
costs of care. Crit Care Med. 29: 1303-1310.

Abramov, A.Y., Scorziello, A., and Duchen, M.R. 2007. Three distinct mechanisms generate
oxygen free radicals in neurons and contribute to cell death during anoxia and reoxygenation
J.Neurosciemce. 27: 1129-1138.

Bal-Price, A., Matthias, A. and Brown, G. C. 2002. Stimulation of the NADPH oxidase in activated
rat microglia removes nitric oxide but induces peroxynitrite production. J. Neurochem. 80: 73-80.

Boulant, J. A. 1998. Hypothalamic neurons. Mechanisms of sensitivity to temperature. - Ann. N. Y.
Acad. Sci. 856: 108-115.

Cartmell, T., Ball, C., Bristow, A. F., Mitchell, D., and Poole, S. 2003. "Endogenous interleukin-10
is required for the defervescence of fever evoked by local lipopolysaccharide-induced and
Staphylococcus aureus-induced inflammation in rats," J.Physiol, 549: 653-664.

Ciuseppe, P. 2002. Serial review: Reactive Oxygen and Nitrogen in Inflammation. Free Radic. Bio.
Med. 33: 301-302.

Culcasi, M., M. Lafon-Cazal, S. Pietri, and J. Bockaert. 1994. Glutamate receptors induce a burst of
superoxide via activation of nitric oxide synthase in arginine depleted neurons. J. Biol. Chem. 269:
12589-12593.

Cuzzocrea, S., Riley, D. P., Caputi, A. P. and Salvemini, D. 2001. Antioxidant therapy: a new
pharmacological approach in shock, inflammation, and ischemia/reperfusion injury. Pharmacol.
Rev. 53: 135-159.

Dimayuga, F. O., Wang, C., Clark, J. M., Dimayuga, E. R., Dimayuga, V. M. and Bruce-Keller, A.
J. 2007. SODI1 overexpression alters ROS production and reduces neurotoxic inflammatory
signaling in microglial cells. J. Neuroimmunol. 182: 89-99.

Dinarello, C. A. 1999. Cytokines as endogenous pyrogens. J. Infect. Dis. 179 Suppl 2: S294-S304.

Ejima, K., Layne, M. D., Carvajial, I. M., Kritek, P. A., Baron, R. M., Chen, Y. H., Saal, J. V. Levy,
B. D., Yet, S. F., and Perrella, M. A. 2003. Cyclooxygenase-2 deficient mice are resistsnt to
endotoxin-induced inflammation and death. FASEB J.

Fiorentino, D. F., Bond, M. W., and Mosmann, T. R. 1989. Two types of mouse T helper cell. TV.
Th2 clones secrete a factor that inhibits cytokine production by Thl clones. J.Exp.Med. 170:
2081-2095.

Gunasekar, P. G., Kanthasamy, A. G., Borowitz, J. L. and Isom, G. E. 1995. NMDA receptor
activation produces concurrent generation of nitric oxide and reactive oxygen species: implieation
for cell death. J. Neurochem. 65: 2016-2021.

Guo, R. F., and Ward, P. A. 2000. Serial review: reactive oxygen and nittogen in inflammation:
mediators and regulation of neutrophil accumulation in inflammatory fresponses in lung: Insights
from the IgG immune complex model. Free Radical Biol. Med. 33: 303-310.

Hashimoto, M., Ueno, T. and Iriki, M. 1994. What roles does the organum vasculosumslaminae
terminalis play in fever in rabbits? Pflugers Arch. 429: 50-57.



Howard, M. and O'Garra, A. 1992. Biological properties of interleukin 10. Immunol.Today
13:198-200.

Huang, W. T., Lin, M. T. and Won, S. J. 1997. Mechanisms and sites of pyrogenic action exerted
by staphylococcal enterotoxin A in rabbits. Neurosci. Lett. 236: 53-56.

Huang, W. T., S. M. Tsai, and M. T. Lin. 2001. Involvement of brain glutamate release

in pyrogenic fever. Neuropharmacology 41: 811-818.

Huang, W. T., J. J. Wang, and M. T. Lin. 2003a. Antipyretic effect of acetaminophen

by inhibition of glutamate release after staphylococcal enterotoxin A fever in rabbits. Neurosci. Lett.
355 :33-36.

Huang, W. T., J. J. Wang, and M. T. Lin. 2003b. Cyclooxygenase inhibitors attenuate

augmented glutamate release in organum vasculosum laminae terminalis and fever induced by
staphylococcal enterotoxin A. J. Pharmacol. Sci. 94:192-196.

Huang, W. T., Lin, M. T. and Chang, C. P. 2006. An NMDA receptor-dependent hydroxyl radical
pathway in the rabbit hypothalamus may mediate lipopolysaccharide fever. Neuropharmacology 50:
504-511.

Inoue, Y., Otsuka, T., Niiro, H., Nagano, S., Arinobu, Y., Ogami, E., Akahoshi, M., Miyake, K.,
Ninomiya I., Shimizu, S., Nakashima, H., Harada, M. 2004. Novel regulatory mechanisms of

CD40-induced prostanoid synthesis by IL-4 and IL-10 in human monocytes. J. Immunol. 172:
2147-2154.

Kao, C.H.,, Kao, T.Y , Huang, W.T..and Lin, M.T. 2007a. Lipopolysaccharide- and
glutamate-induced hypothalamic hydroxyl radical elevation and fever can be suppressed by
N-methyl-D-aspartate-receptor antagonists. J Pharmacol Sci 104 : 130-136

Kao, T. Y., Huang, W. T. Chang, C. P., and Lin, M. T. 2007b. Aspirin may exert its antipyresis by
inhibiting the N-methyl-D-asparate receptor-dependent hydroxyl radicals pathways in the
hypothalamus. J. Pharmacol. Sci. 103: 293-298.

Kluger, M. J. 1991. Fever: role of pyrogens and cryogens. Physiol Rev. 71: 93-127.

Komaki, G., Arimura, A. and Koves, K. 1992. Effect of intravenous injection of IL-1 beta on PGE,
levels in several brain areas as determined by microdialysis. Am. J. Physiol. 262: E246-E251.

Kozak, W., Wrotek, S. and Kozak, A. 2006. Pyrogenicity of CpG-DNA in mice: role of
interleukin-6, cyclooxygenases, and nuclear factor-kappaB. Am. J. Physiol Regul. Integr. Comp.
Physiol. 290: R871-R880.

Jenkins, J. K., Malyak, M., and Arend, W. P. 1994. The effects of interleukin-10 on interleukin-1
receptor antagonist and interleukin-1 beta production in human monocytes and neutrophils.
Lymphokine Cytokine Res. 13: 47-54.

Lacroix, S., and Rivest, S. 1998. Effect of acute systemic inflammatory response and cytokines on
the transcription of the genes encoding cyclooxygenase enzyme (COX-1land COX-2) in the rat brain.
J. Neurochem. 70: 452-466.

Lafon-Cazal, M., S. Pietri, M. Culcasi, and J. Bockaert. 1993. NMDA-dependent superoxide
production and neurotoxicity. Nature 364: 535-537.

Lafon-Cazal, M., S. Pietri, M. Plotkine, and R. G. Boulu. 1995. Striatal dopamine participatesyin
glutamate-induced hydroxyl radical generation. NeuroReport 6:1033-1036.

Lancelot, E., M. L. Revaud, R. G. Boulu, M. Plotkine, and J. Callebert. 1998a. A" microdialysis
study investigating the mechanisms of hydroxyl radical formation in rat striatum:-exposed-to
glutamate. Brain Res. 809: 294-296.

Lancelot, E., L. Lecanu, M. L. Revaud, R. G. Boulu, M. Plotkine, and J. Callebert.1998b.
Glutamate induces hydroxyl radical formation in vivo via activation .of nitric oxidegSynthase(in
Sprague-Dawley rats. Neurosci. Lett. 242: 131-134.



Ledeboer,A., Binnekade,R., Breve,J.J., Bol,J.G., Tilders,F.J., and Van Dam,A.M. (2002).
Site-specific modulation of LPS-induced fever and interleukin-1 beta expression in rats by
interleukin-10. Am.J.Physiol Regul.Integr.Comp Physiol 282:R1762-R1772.

Lee, J. J., Huang, W. T., Shao, D. Z., Liao, J. F. and Lin, M. T. 2003. Blocking NF-kappaB
activation may be an effective strategy in the fever therapy. Jpn. J. Physiol. 53: 367-375.

Lee, S. J. and Lim, K. T. 2007. Glycoprotein isolated from Ulmus davidiana Nakai regulates
expression of iNOS and COX-2 in vivo and in vitro. Food Chem. Toxicol. 45: 990-1000.

Leon, L. R., Kozak, W., Rudolph, K., and Kluger, M. J. 1999. An antipyretic role for
interleukin-10 in LPS fever in mice. Am.J.Phys
Lin, J. H. and Lin, M. T. 1996. Inhibition of nitric oxide synthase or cyclo-oxygenase pathways in

organum vasculosum laminae terminalis attenuates interleukin-1 beta fever in rabbits. Neurosci.
Lett. 208: 155-158.

Luheshi, G. and Rothwell, N. 1996. Cytokines and fever. Int. Arch. Allergy Immunol. 109:
301-307.

Marchant, A., Bruyns, C., Vandenabeele, P., Ducarme, M., Gerard, C., Delvaux, A., De Groote, D.,
Abramowicz, D., Velu, T., and Goldman, M. 1994. "Interleukin-10 controls interferon-gamma and

tumor necrosis factor production during experimental endotoxemia," Eur.J.Immunol. 24:
1167-1171.

Ota, K., Katafuchi, T., Takaki, A. and Hori, T. 1997. AV3V neurons that send axons to
hypothalamic nuclei respond to the systemic injection of IL-1beta. Am. J. Physiol 272: R532-R540.

Parrillo, J. E. 1993. Pathogenetic mechanisem of septic shosk. New Engl. J. Med. 328:1457-60.
Podrez, E. A., Abu-Soud, H. M., and Hazen, S. L. 2000. Role of oxidation in atherosclerosis:
Myeloperoxidase-generated oxidases and atherosclerosis. Free Radical Biol. Med. 12: 1717-1725.
Quan, N., Whiteside, M. and Herkenham, M. 1998. Cyclooxygenase 2 mRNA expression in rat
brain after peripheral injection of lipopolysaccharide. Brain Res. 802: 189-197.

Reynolds, I.J.,and Hastings, T.G. 1995 Glutamate induces the production of reactive oxygen species
in cultured forebrain neurons following NMDA receptor activation. J Neurosci 15 : 3318-3327

Riedel, W. and Maulik, G. 1999. Fever: an integrated response of the central nervous system to
oxidative stress. Mol. Cell Biochem. 196: 125-132.

Riedel, W., Lang, U., Oetjen, U., Schlapp, U. and Shibata, M. 2003. Inhibition of oxygen radical
formation by methylene blue, aspirin, or alpha-lipoic acid, prevents
bacterial-lipopolysaccharide-induced fever. Mol. Cell Biochem. 247: 83-94.

Salvo, I., de Cian, W., Musicco, M., Langer, M., Piadena, R., Wolfler, A., Montani, C. and Magni,
E. 1995. The Italian SEPSIS study: preliminary results on the incidence and evolution of SIRS,
sepsis, severe sepsis and septic shock. Intensive Care Med. 21 Suppl 2: S244-S249.

Saper, C. B. and Breder, C. D. 1994. The neurologic basis of fever. N. Engl. J._Med. 330t
1880-1886.

Shao, D. Z., Lee, J. J., Huang, W. T., Liao, J. F. and Lin, M. T. 2004 Inhibition/of nuclear
factor-kappa B prevents staphylococcal enterotoxin A-induced fever.”Mol. Cell Bioehem. 262;
177-185.



Standiford, T. J., Strieter, R. M., Lukacs, N. W., and Kunkel, S. L. (1995), "Neutralization of IL-10
increases lethality in endotoxemia. Cooperative effects of macrophage inflammatory protein-2 and
tumor necrosis factor," J.Immunol. 155: 2222-2229.

Stitt, J. T. 1986. Prostaglandin E as the neural mediator of the febrile response. Yale J. Biol. Med.
59: 137-149.

Tsai, C. C., Lin, M. T., Liao, J. F, and Huang, W. T. 2006. The antipyretic effects of baicalin on
lipopolysaccharide-induced fever in rabbits. Neuropharmacology 51: 709-717.

Vergun, O.,Sobolevsky, A.L, Yelshansky, M.V., Keelan, J., Khodorow, B.I., and Duchen, M.R.
2001 Exploration of the role of reactive oxygen species in glutamate neurotoxicity in rat
hippocampal neurons in culture. J. Physiol (Lond) 531 : 147-163

Yang, C., and Lin, M. T. 2002. Oxidative stress in rat with heatstroke-induced cerebral ischemia.
Stroke 33: 790-794.

Yu, Y., Zhang, Z. H., Wei, S. G., Chu, Y., Weiss, R. M. Heistad, D. D., Felder, R. B. 2007. Central
gene transfer of interleukin-10 reduces hypothalamic inflammation and evidence of heart failure in
rats after myocardial infarction. Circ. Res. 101:304-312.



