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Metabolic Aspects of Endotoxin as a Model of Septic Shock
—Approached from Oxidative Stress—
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Despite the remarkable progress in intensive care medicine, sepsis and shock continue to be major clinical problems
in intensive care units. Septic shock may be associated with a toxic state initiated by the stimulation of monocytes by bac-
terial toxins such as endotoxin, which is released into the bloodstream. This study describes the role of oxidative stress in
endotoxin-induced metabolic disorders. We demonstrate that endotoxin injection results in lipid peroxide formation and
membrane injury in experimental animals, causing decreased levels of free radical scavengers or quenchers. Interesting-
ly, it was also suggested that tumor necrosis factor (TNF)-induced oxidative stress occurs as a result of bacterial or en-
dotoxin translocation under conditions of reduced reticuloendothelial system function in various disease states. In addi-
tion, we suggest that intracellular Ca2™, Zn?", or selenium levels may participate, at least in part, in the oxidative stress
during endotoxemia. On the other hand, it is also suggested that the extent of endotoxin-induced nitric oxide (NO) for-
mation may be due, at least in part, to a change in heme metabolic regulation during endotoxemia. However, in our ex-
perimental model, NO is not crucial for lipid peroxide formation during endotoxemia. Sho-saiko-to is one of the most
frequently prescribed Kampo medicines and has primarily been used to treat chronic hepatitis. We report that Sho-saiko-
to decreases the rh TNF-induced lethality in galactosamine-hypersensitized mice and protects mice against oxygen toxic-
ity and Ca?* overload in the cytoplasm or mitochondria during endotoxemia. We further suggest that Sho-saiko-to
shows a suppressive effect on NO generation in macrophages stimulated with endotoxin and that it may be useful in im-
proving endotoxin shock symptoms.
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B O EalEE, LR AEMREE (multiple or-
gan dysfunction syndrome, MODS) IZZ& 10, KHIZ
AR 3y ZIREICRD2BDEEZSN TN
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EHESIERE, av I /EFTINELTOIZRE
F 3 2 IMAE O RE AR B E ORFSEICELIR 2 Ff > T
Tz, ZO, oS ZERIILET Y R
RO av IEERELL, £k, EHESDI
>R bhFRZVMEDHEEM 2B S NTT D701
7Y —F Y H)VEL, 49 RES BEAE, 1010 ) 7R 7 O
TA ACH, 2 J) a—4 U Rhve RS, 1510 e
N Ca2™ BhiE, 1719 B o b1 2,202 —[fLE R
(nitoric oxide, NO), 229 JZAMEITLHRB20Z L T
BEHHBVNGERG D > 3 7 B IR R30I B
ZRHMRZED TEZ. BUEES 2 v 7 (KRR
AMTIRT T LBRMRENSAECD T R R 2
av 7 ERY) ODBEMSFEREZRE S0,
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LTWE, S5IZZDWERDN S /NEHIE O BULE
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1. >av7&T RbFD

R, PRI K 2 LEEEE, ZiEaGaiAe
(multiple organ failure, MOF) D HIEDFRK &
L T#E 4% @ humoral mediators DB G- Hi55 S N,
ZTOMBENEEOBIG TITON TS, FTHT T
LRMREIYEICL S > ay 7, $/ab b6 BUiE
T a v 73 EDBE CIEEOESRITHED S TRT
K@<, RETIIEROELEHEDN 21 HIZb ki
TwasifEahn, BEEREDIDTHHD.2 I
MEM S 3 v 7 3Rk 9 41U hyperdynamic state I3
hypodynamic state &72%. Z OIKAE TIIKEE FIE
MEAFEITIR0, Y > R—= ADHET L, =T
Lligas A 2ITHE D TRIZMD TEW, > a v 7%d
Al EDHICHREL, BICKERETRER T OY
7 hELUTHEN TN, >3 v 7 OFERREE
T DRFERFENRBAICHES L TE 2. 1970 4F
REEIDERERENDWY S compromized host
O, FROILAEEDIT, P a v IO
SUIMIMIEYES 3 v 7 RER LIRS TETNWS. D

7T LREMEBUEE S 3 v 7 OFRKRMEE LT
HERIY PR VRS RBREMERZR>TH
0, BUEEREY, BREZOHEEZ IS

WENHED SN TS, BERIZIZZ R >
ZE IR T 50 7 M Z i Bk ok @ limulus
test PHFES N TLCK, HFEEEBEOLMFEE T
RbhF 2 EORBRMBHASNIIEINDDHS. HilZ
W, T a v 7 QRERRBHIMESZEDOMOERTH -
TH, RESHERENMETFLAEZEE, BNEREDON
HPEDO T > B kF 2 203 Kupffer #ifEN Tz S
N9, bacterial translocation (BT) 124 0 A A
IR RF20NROH6N, T2 R MF22ME
DREITIRD T &, £, BEFRREOEER
SEMREE, H2HWIEH, H, BEREREICHNEET
REFIDOBEAENESG L, —RHEEIZMD
B B 78 WK D RN ETE S 2 v 7, 7D
L RbF2 2 ay 7 OKRREEBEEML T
WS ZENHENDEDITR>TER, Fii TR
RINZAVBHEI D 2 3w 71X 0 Tid7e<, WEME
HTHIRhFIOMEFEHEINTE TS,
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% 39
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ators D IIEMEY A b J1 1 > 77 initial mediator & U
TERL, SRR TRaeEEZ SIS 2 I8
LA DL ANZ O Zfgga ARG L TNnD 2N
IR EINTND, 3 fek, WUiEE O BEE DA T
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FIREES 20>t 28 > AFEBS T SIRS O
ADVE A I, 3 BUMIE DALIE DV A EHIEIC 7R 0,
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HEERGL, BUED S BIEES 3 v 7, Th
IZHIERHNTHRIEY 2 ATREME O & W 2 lE s A2 2 B
EL&SELTWS, 2D SIRS ODEMETIZH A b
HA INKERERE/L>THD, humoral media-
tors [ZX 9 HHRENE AL 5N TS,
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kDa O¥EFS > )N CDI4 NI N Twsb, TR
k% 2 > (lipopolysaccharide, LPS) I ifi & # @
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‘viremia

other

LPS ##& 4 > /327’4 (LPS binding protein, LBP)
mETHAL, HAKER>TCDI4 S8 1L TH
fazimtibd s, ZNETCDU4NT RhF >
DZRKREZEZ SN T WD, CDI14 13 glycosyl-
phosphatydyl-inositol (GPI) 7 > 51— &4 L CHl
I ERICHES L TWBHER ST, &2 Wi GPI
T H—MRB LB T CHD0, Ml A
A 2ERFEREBNZEMS I RENFI O T FIb
GEICEDZDH S 1 DOZEERDEENREINT
X729 FEHEE, CDI4 REIYTAET RhF2 >
RS B ROBHEE T3 281335, &L, M
FANND > T FIVREEITD LPS LT H—& L
T Toll-like receptor 4 (TLR4) M A H X 7~.
TLR4 /v 7 77 X7 A3 LPS ICEKIEE T H
%. F7-, TLR4 H LPS {KI5EME~ ™ X C3H/Hel
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7 ATl TLR4 OMIFIEN R A A TR RN
GIET 2= OMBEER TLR4 NEH L Tz,
TLRAZ 7Y T %45 FTH5BHMD2 ERHLTH
D, HEMKRELUTLPS 238#% 92 2 & THIlBAA
SUFINELET S O EOZENSSHTIRA
72< EHITRITBNTIE TLRY 28 LPS O Z 4K
TharEEZLNTND,

4. TORMFIDEBERMLZX
—RRIFEERBET A o EmmERERED &
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systemic inflammatory
response syndrome (SIRS)

Fig. 1. Concept of Systemic Inflammatory Response Syndrome (SIRS)

(ACCP/SCMCC, 1992)
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ERATDHIEN 1970 FROFBENSH SN D K
DT> TE . {EERRFRIINERP SRS NT
ERHEMEITA, AEROL Ry 7 ZHIH OB 05
MAENERIZES 7 F IV E L TORENRERINT
ETND. BLA ML A EITESEREFEERTTHE - Hi
BALB S AT L OFETH D, BRALIEEDE D E
B REBEERSINTHBD, L OHEFOF
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DIC |3 if 8 %E [ 12 ot < K A 18 B2 T O I #2 1 bk 2
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RMPEE &> TR 3 v 7IREICBITT 2
HDEEZLNTND. D a7 OREIZHEE
WOBETTHD, MLIIKEEFIREICENINS., T
>R bFTUMERCE L WEALBIMEZ 295 2
CREEFESHVERELTBD, ZUIHE anoxia,
ischemia 7 5 < 5 BEEMIREE DIEE T b D HiERAE
ZRY. FITEESITINWERL, 1980 FER D)
SE/NS T2 R M2 U IMETOREEEBLAERE T
DHEHBOEEICIOVNTOERZRIBL . 4
41. 7V—ZhHIDEREEREEE T
>R bERIMERE, M, s & FERER IR
EELIER T ZMBARD, TOFTHHIRD
BHICEMEEICEENELD. 20D RIEMNS
F & U TEBENREMERIIH 2P0t TE
7. BfE, T REFIONEGITHREIN, K
KIZESTHIY R EF I FBKD DM 5IT75-
TH D, Nolan & Leibowitz®? D& HRKO T > R
N ORRBORK, ERICBEET S I L2
Wik, MEBRETZ D RNF 2 EOBEN B &
HHZHEDTW5, Shibayama® 13 %2 & O g e
B D 1SR RN B #R N O /N A& NI S e 7
A7V MBI KSEREFETH 2 ERRTND
N, FFEEORRNZEEZEZZES, 70— 200
BMELEETHD. EESIITDOEZITEDWTH
FatEDTE.

Ta v 7 EBTFIVTOIER R OHRIIMD TERE
MThO, HRIIR#ETHS. &I TEH SR
P oEEE{LISE (thiobarbituric acid, TBA) % E&

THIETHEL .Y 4K, 20O TBAJEIZY
U—=I PAIVEREHET DI KRERRISHIET
HoZ. W ITAWZLT Y REF 2 (200 ug, ip.)
Z595E 18h BICHNOBEEILESE, X—
IN—F FH 1 RpEA R D xanthine oxidase (XOD)
EENBEE IR EZ/RL 2. WERCEE OB KT
TBA fET®H %7, HF plasma membrane i@ fiE)
WM T EI N/, £ T, superoxide dis-
mutase (SOD), glutathione reductase (GSSG-R),
glutathione peroxidase (GSH-Px) {EM:Z2#Kd %
EEHEDIERTFNE SN, 7U—F P HIVIEEEED
BEENHERZING. Y T D GSH-Px-GSSG-R %13
RIEEZ 7 ) — 25 2 IV S BT 2 DA T
<, oxidation-reduction &> SH B4 & O'EE SH @
BALZET2bDEEASN TV, 2O EF
EHESOMFICED, TUORMFIICKDIMTE
LDH Oi#fiiANE7i 7 )V % F4 > (GSH) D5
WROPHETELZIENS DM TE .Y IHIC
IR MR IEEICKDFHIIEE DES % SDS-
RUT7ZUINT I REBEQIKEN)NY — > THREL &
(Fig. 2). % T48# 0 7> ¥ & 65 kDa it D/N > B D
HERNBIR SN, 140kDa fHEDE A D% >IN
B ZHHE RN RO N, 7Y —F P HIVEE
KSR QBENRRTEZ. ZOIT R b
FURKOHMBEKEOESE - FOT7 zO—)b
O HIZ L D5ERIC, GSH TIRIZ & A EBENER
SN, —H, A—FV TR RE S ZEHEN
& —>%RLUK. o~ hO7 z0O—)b, GSHIZH®
EEEBR LS T HN, a—FIE R MF
DUIREKAEEMEBREIMHE LR, - FOT
O—)b, A—FV VRFEULSEEEEL TS, @
EIEE O &5 5 A CIMERAEEN R 2D &
EZALNZ. TOZEITDODNWT, E¥ I VE (Vit
E) RZ, BEEHE~Y Y A TOMNEEBERL %K
NI BHE, TORMFIOEBEEG LUK Vit E#EE
AU AFEEERLIER ST, ViLERZAEY
T ATIEEEEICKDIEE ARG Z k6 5% 7R
Renrle (Fig. 3).Y =7, BHBFEEFEOHETD
% LDH isozyme )N¥ — > Z2higd 5 &, TR B
F 3 ¥ 5 T3 LDH-3, 5 D&M S O,
Vit. E RZY U A TIIFFICHEFICH 51, BEKK
BNy —>E—HK Lk Vit BEREELZEIHE, U
VUV = LABROKEERIEL, TR RFI2ITK
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Fig. 2. Scanograms of SDS-Polyacrylamide Gel Electrophoregrams of Plasma Membrane Protein
The gel patterns were scanographed by a Shimadzu CS-910 from scanner.
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Fig. 3. Effect of o~-Tocopherol-Deficient or -Excess Diet on Lipid Peroxide Level in Liver or Endotoxin-Poisoned Mice

Mice were fed the diets for 40 days, and then injected with endotoxin (5 mg/kg i.p.) Control mice were injected with saline alone. Each result represents the
mean *+ S.E. from 16 mice. Deficient diet: d/-a-tocopherol acetate below 5 1.U./kg. Normal diet: dl-a-tocopherol acetate 20 1.U./kg. Excess diet: d/-a-tocopherol

nicotinate 200 1.U./kg.

5N, JU—=F IR ZEORRICEEGLTH
0, BWIEMES 3 v 7 OFEMIFICT > B b+ >
KRBT =T DIV EARBENERLRBZ 5 X
5'4—9)

42. T R ¥ (L&D MR Ca2* DX
LiREEE Calt IBEOALIZMEAN D Ca2t
T=IVICEORE SN TS, Mg/ Ca2t JEEI
1—2mM Tdh % DITK UMKELE DR EITA 100 nM
29 ET, MilEsMC3E L < EREO Catt NIFEE
T 5N, BTSN 7 —DREZ 5L T
W2, MifENTIE/ANEER, S a2 RUTHIC
Ca2t DB EIREICHEEL, BHEICKVEZHE
WU THIENANRAT S, THD A, filsHhORE
X OMFENIC KB D Cazt AT % &l fufEsE
NFEHTSH, TR MY VMETEICRIVES D
A7 £ Tl clear—cut I[ZH AR T =72 WHE MR
BEA#MEZRLTHBD, 1 DORBBRENELZ1DD
REIRE DN BHLILIIRATNWS, ZOH
MIZINEZEZZ 5850, MaAN Ca2t I3 I
MR RBICEATHED, EESII-HOME DN
OHFTI REFD VIMEORHRE 2M<EEL
THifEN Ca2t oM~ Y 7O —F L TE
7. 17—19)

BAE, WHamESMBEN, RFicHaEd o
Cat L ORBAVREIZHENIIINTETNS,
ROEER Cat JHIS/NEk, 2 va> Ry 7hkeE
L0, DLAMENEEL D D Ca2t DIRATHO,

JFF B bt 22 0 BRI Refec 0 7 Ca2t 2 R A%
BIZROONDIENEETHS., ZOXDBRTE
NS, EESIZIHFOE—HIED cytosolic—free Ca2+
B [Caxt] & W &N > X 7 . ARGUS-100CA
EHEALTHHALAE® ZTORMEI #5180
BIIYTAD [CaT O Kz 7z (Fig. 4(A)).
X 5 I Ca2t—ATPase I P23 FRIC bl U
T28%1K R L7z, Kessler*” 53R D Cat—
ATPase D4y 7 &3 140kDa TH B Z £Z2RLTH
0, Z O Ca2t-ATPase 121G EIC L D5
BiEEBLICEL > THEIND ZENFED SN TV
5. EESORFICEIDT O RNFI KB
MifEAE Ca2t—~ATPase IEE DK FIZ 7 U —F P )b
IZ KB IEE BB HMUE (60—150kDa), K
12 140kDa 2B S22 LIk I B Z &M
REBEINZ (Fig. 4(B)).® L7=n>T, T>Kb
FOoTRIZ 7Y =TV HIVEEICK DM
Ca?t 7R > T HERERE SR 24 S RN A [Ca2 '],
DiAZEE EEZ LN,

—%, EESOMFHICBWTHHFI MO RY Y
TIEIORRERI I Ca2t 2R SE, [EEERE
ftZER Y, Ca2t-ATPase {EEZ2E0H 5T &%
BB (Table 1), 2N S OHERIHI FO TR
7 A0 Catt OEREH 6L, EEEBEZEORE

KD, S baAXRUTENMEEZ2ZT S L3
HTHhO, b2 RUYOREEEELIX Ca2t DJE

B REREER O LIRS, S hOVE
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Fig. 4. Changes in Cytosolic-Free Ca2* Concentration [Ca2*]; in Individual Vital Cells (A) and Scangrams of SDS-Polyacrylamide
Gel Electropherograms (B) in Liver Plasma Membrane Protein of Mice 18 h after Endotoxin Administration
A: [Ca?*];in an individual vital cell was shown by computer graphics using the ARGUS-100CA ststem. B: a: molecular weight of protein (140 kDa) of Ca2*
—ATPase*? in liver plasma membrane, b: region of endotoxin-induced membrane damage.

Table 1. Changes in ATPase Activity in Liver Mitochondria of Endotoxin—Poisoned Mice at 18 h

Mitochondria fraction

Treatment
5 o Mg?*—ATPase 2
Ca?™, Mg?>*—ATPase (nmol/mg of protein) Ca?"—ATPase
None 467+4(100%) 429+6(100%) 38+2 (100%)
Endotoxin 447+4( 96%) 390+2( 91%) 57+£5%(150%)

Each value represents the mean+S.E. of 12 mice. Asterisk (*) indicates a significant difference from the control value at p<0.05.

U 7B ) BRI K D MIlEN D TRV F — %
AL TV e®, ZOREITHEICERT 2.
ZOZEFIYREFTEFI b RYTHED
f5HETd % state 3, respiratory control index (RCI)
DIKTFZEELL ZENSHHENTH S.Y
IRMFIED a7 #ED1IDEL
T, ZU—=F P HIIVERE#ZRRTEEN, 22
T7 7F ROBOERZEE 2 - BN Cat %
-5 9%. IabbMMN Ca2t D K—RA
BRUN—F A, (PLA,) OIEHL—7 FF R B4
RO —HD IS ZHHDEZEZ SN, ZDT
EIFEE S OEBRMN S, ¥19 vitamin D; KU Ca2t K

CRIARCLI REF2 22K E5 0 THOHOIEE R
BLMiEE 2 59, Cat HEHADOXRT NI
PLA, [HEAIOTFH A5 > 05 S FEHEERL
ZHIHIT D2 ENS BEEMNITIRB TE S, BEE
TIZHAE YN S 3 D PLA,, T7/2bb ok
(SPLA2) T/r T8 14kDa @ I B (), oA
GEPERR Y, RIEM) &4 F& 85kDa O fifid &
PLA, (cPLA2) 2VHBEEI N TW5. sPLA, &
cPLA, DRI EEZRFZIEE DEWNWE LT, sPLA,
BIEMREBRIC oM 4 —4 — O Ca2t BWHBETH DD
IR L, cPLA, IZMIEANTE Z %5 nMm BALD Ca2*
BEZEITESL TEHE LS NS, cPLAIEY 5
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F R B aBIRWITHERES 0%, sPLA, I3
B RIREIIZRD 5NN EDEN S, MfEME(
OUIBRICB T2 U REN DT IF R OB
DR WEEET cPLA, X DI INTNS & &
ABLNTVS 4 ZDZ L cPLA, /v 7 77 b
A DIREMTIZE D cPLA, A3 FE & ORI U T
B XN 5 J5Y mediator DFEEITB W TH.LAY R
HEEHS TVWD ZEDNHERINTNDS, O £z,
RIETA NI ICEDT T4 7 DEIC,
cPLA, DIGEHEALDINHATH 2 Z &M cPLA, %/ v
77 NUEMBTCREHES N TWS, LAENST,
7 7 F R BRI O THEE mediator & pE
AT BHET TS, BRYEELUTRECHEEY
5. 51)

EFESIIEBRNT S R M2 U IMETIZEA b
LAMAL, BEESNRE RGN - Mk E 2
ERTZEEFAHALTRD, 20—/ ELU THIEN
Ca?t OERZRBL TEL. 19 2T cPLA, iE
MRBICLEL oM BALO [Ca2t ] KIckD, 7
TFROBAZ T — RK0jiES N, DICICBEET
%5 PAF 01 1K1 D, MDA Z&®7-EE
mediator IFEEIND EEZEN, TORMNFT
CTEISY a3y 7T/l Ca2t NR<BIE L T
WaZEEFEEW WD EBRD/.

5. BEZEERF (INF) &SE{EX ML X

51. TNF&EITD R MFSCOMEMEA  Tu-
mor necrosis factor (TNF) 1 JEEERALIT HY I BE5E
ZAETHRTFELTRMEI N, BUETIERE
%38 U 7= EARBHTEHEAE IT A < BID 2 RIEY 1 Ao
CELTHBEINTNS, BUEMES 3 v 7280
TRRERISZEELT D1 M1 > &L THLOM

7 t%E| 2 U, Rk L7z SIRS 73Z DJREED A T
HBEBEZAFMBINTETNS, ¥ A¥E, TNFIZ
IR FI2REDRMITIDEEK-v 7O T
7 —YEHEHETHLEEOMBTEESIN, RIE
SR BT < BID D, AEROTER M OHERF
WCEBEREREHZREZLTNS. D LaLENS, @
FICHEEIND E a v I EFERTHIENS,
INFIZL> RMFT 2T 3y OEREK mediator
DI1IDTHHEEZEZSNTPHB O, Beutler &
Cerami®? & TNF 3BSEIEHZ2HE, T R MF
SBBEIETE D mediator TH B EBR TS, L
L, T>RbFF22ODRADIE recombinant hu-
man TNF (thTNF) 132N HHBSEEEIE RN, Z
DZ &1 Hsueh 5912 X5 T KR hF > & TNF
DERNHFIERL, AR ECRICERE R EE %
1S EOMENSHIRTITES.

ZZT, T2 RMFTUIMEETO TNF O A
N ZDEEZET Y RNF2 2 EOMEERNS KR
AU P2hINF E T2 REF2 2O HEGICE
DX ADEFAEH DK EH SOD, GSH-Px {&
MO T OHEEMANR SN, thTNF £ 5 TR
SNV A N ANFEHEINTE - (Table
2). Z®DZ &I RES HEREMHIFI T b 2 BEFE $h AL
SYURICRYIFI U BERBET D&, HEEEH
THEXNTL % rhTNF O fEE @B L2 1 = N
lENOBHMETESL, ZORYIFI BT
I REFF 2 (LPS) O lipid A#Hn &S LT,
IR FTOERZHRNT LI ENHESNTS
D, thTNF T#HE XN T B8ILA ML XX
thTNF & T2 R b F 2 OPHENITERTS 2 &
DIEHEAICEEB X /=, O TNF 134k, A KBG

Table 2. Changes in Superoxide Dismutase (SOD) and Glutathione Peroxide (GSH-Px) Ac-
tivities and Non-Protein Sulfhydryl (Np-SH) Level in Liver of Endotoxin—Pretreated Mice
3 h after Recombinant Human Tumor Necrosis Factor (thTNF) Administration

SOD GSH-Px Np—-SH
Treatment
(Units/mg of protein) (ug/g of wet liver)
Control 2.52+0.399 0.68+0.03 1.34+0.16
LPS 2.96+0.41 0.65+0.05 1.25+0.07
rhTNF 3.11%£0.34 0.76 +0.02 1.29+0.06
LPS+rhTNF 2.16+0.36* 0.51+£0.04* 0.98+0.07*

a) Mean value+S.E. of 10 mice. * significant difference from the value of endotoxin or rhTNF-injected mice
(p<0.05). Control: saline, lipopolysaccharide (LPS): endotoxin (0.5 mg/kg, i.p.), thTNF (1X10*units/

mouse, i.v.).
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WIZBEHL BT N> THD, TORMF 2D
FAETFTCIBRIC 7Y =S PV EEAL, Tay
JITEL ZENRBEI N

52. INF&D-HZ7 b3 I RhF
SUMEETFIVELTHWSENSD-H T T3
> (D-GalN) B#MiHREGITHET > RhF >
ERBEICTINF O ZHZHEFICHKT 5.
Freudenberg 5135 C3H/Hel 2> K b3 it
P ZATIED-GaN E T RhF 2 2H5LT
2% &, O uridine triphosphate (UTP) 139
MBS RN, L, B2~ AD C3H/
HeN 2o~x7r7n07 7 —Y %% AL T3 & D-GalN
JULFE C3H/He] AT AL RhF LT
RZHICIROBICES ZE2BR L. 2O &M
5T R b+ > & D-GalN OPFHIC & % BIETE
B0y —VUNEETHD I ENRINEZ. E
FH 59X zymosan TY /7 07 7 — P Z2EHL 3 &
TR5E, —fiFfIZ D-GalN O~ ™7 Z EEN 5 &
I% 700 mg/kg Tdh % 73,400 mg/kg D HGETIT >
RhF o@EZMichs ez /LA TORB
F > (1 mg/kg, i.p.) DK E DG TH-#H A
Ca2*—ATPase IEMEIFHHE ICK T 2R L, [Cartl%
BWAREHE, BELRIEEER(LITE N (Table 3). 19
UL, T2 R b+ 2HIBICE S TNF FEA D D-
GalN O 5 THHMMNA R 51T, 50 F 72 Kupffer
HIIZD TNF ® mRNA L X)L H ALV EED
NTW%, ZOZEMNSH D-GalN AffIZ L2 EHY
@ TNF D&M K1E, TNF OREATTEIC X S 1E
FHEREI DO L AMOEEICLDEZHEEZ D T

Table 3. Effect of Galactosamine on Changes of Cytosolic—
Free Ca?*™ Concentration in Single Cells and Plasma Mem-
brane Ca?*—ATPase Activity in Liver of Zymosan—Pretreat-
ed Mice 18 h after Endotoxin Administration

Plasma membrane Single cells

Treatment Ca2t—ATPase [Ca2+]?
(nmol/mg of protein) (nmol/cell)
Control 157.2+£2.3» 127.3+10.69
LPS 120.2+3.8 145.7+3.1
LPS+GalN 87.6+4.5* 171.94+4.3*
GalN 148.7+6.4 132.5+2.6

a) [Ca2t];; Cytosolic—free Ca2* concentration. b) Mean value+S.E.
of 10 mice. ¢) Mean value+S.E. of 6 experiments. * significant difference
from the value of endotoxin—injected mice (p<(0.05). Control: saline,
LPS: endotoxin (1 mg/kg, i.p.), GalN: galactosamine (400 mg/kg, i.p.).

Wahbd Lk, ZNTIEZOEREHEIIMTH
A5 EHESIIZOHMEEZTAT S0 IHIR
OTINF &L RENF2 2 OMEERMNS Y FO—
F L 7.

5-3. D-GalN B7i(C & % TNF 3218 M &
AEMET R FF 0BS5S BIEETICHISH
TW3 D-GalN & ffliZ & % TNF &2 M 18 K b
ZEReL7ed, TOWEERT RNF2 21/EHZE
FBORUIFIUBEMALLEHR SO DER
MENEMETY RhF2 0BG 2E2L TnL.
AU IFT > B ORI GIE D-GalN &/~ ™7 A &
% rhTNF O B2 752 5% & LDH isozyme D & i 2
il d 5.20 2o Z &3 MERER#BTHHERIN
2.2 F7- D-GalN B~ AT Ex RIF St
W rhTNF (5X103U/mouse, i.v.) BIZLZ> KR +F
2> (0.1mg/kg, ip.) DERAEEMHAKG TS &
HEBAEROHEREKTNRE SN, BEEERZRL,
8h TEFIFET- L7z (Tabled). 20 ZNn 5 DHEMN
5 D-GalN |2 & % TNF J Az M 5 KA 12 159 Ha ok
OHNHEED LY REFT NG9 52 EAVRB S
N7z, BT REET 2 Z EIEERMICHEEMICD
MRINTW5, LaLl, BT LFELEERS MODS
ANOHERERE, b MNIBIFBZOEMRBEENINE
TZHH ST I TWR N, 3 Deitch 557132 3 w7
REETIIBTNEZAZ LKL THBD, HH5id
RETTORBEDNY 7 OHHFfEZ@EHAL TWa, £
7z, D-GalN B EFRfOERFEETHEI LI &N
WMESNTHB, BEELBRBEZHEZ TS,

BUMEMES 3 v 7 E5F)LE L TD-GalN # & ff L

Table 4. Effects of Endotoxin on Rectal Temperature in
rhTNF/GalN-Treated Mice

Rectal temperature (°C)

Treatment
4h 18h

Control 37.3+0.099 37.1+0.07
LPS 0.1 mg/kg (i.p.) 37.04£0.11  36.8+0.15
rhTNF 5X 103 units/mouse (i.v.) 37.2+0.13 37.3+0.17
rhTNF/GalN 700 mg/kg (i.p.) 36.8+£0.14 36.4%0.24

LPS/GalN 37.1£0.16 36.5+0.27
LPS/rhTNF 36.7+£0.12 36.8+£0.21
LPS/thTNF/GalN 32.2+0.12* No survival

a) Mean value+S.E. of 5 mice. *, p<0.05, significantly different from
rhTNF/GalN-treated group. Mice with a body temperature of 37—38°C
were employed in this experiment after selection by measuring twice at 15
min intervals.
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ez OYEER), (EFHIERHICEDEIEA ML Rk
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RETONEERT S92, EESITHARZE
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MT DR EE A Z fat L 7z, 20

WK ZBEE 7 v MITERFRFICHN, W
I IEE BRI bIZFEE I NS (Fig. 5(A). ZD&
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Fig. 5. Effects of Zn2* -Deficient Diet on Lipid Peroxide (A)
and Metallothionein (B) Levels in Liver of Rats 18 h after
Endotoxin Challenge

Rats were fed the Zn?" -deficient diet for 8 weeks, and were then injected
with endotoxin (6 mg/kg i.p.). Lipid peroxide and metallothionein levels
were determined as described in Materials and Methods. A: Zn?* -adequate
diet (Control), B: endotoxin/Zn2* -adequate diet, C: endotoxin/Zn2*

-deficient diet, D: Zn2* -deficient diet. Data are results from five experiments

and each value represents the mean + S.E. for five rats per group. *p<0.05,

compared to endotoxin/Zn2* -adequate diet group.

&, HMRZEAEFTT Y hTIERERTHEINS T
SREFIICK DN MT G RE D7 E A 1T
K FL/ (Fig. 5(B)).2 i, #EixT LENBT
FEERHWEMT 2BFEHBE LN AP 22y
DRYAR, V=28 —=0FT 1 7KL S MT
BT/ v 277 U ADMERIN, BRIEANL
ZAZx Y B AR IR T & L TO MT O E B A
HEMIZINTNS D ZDZ EIREESD LD
M THd, HMRZABFEFETIEIIRMFI2ICX
ZLPAE R MT OFEN R s NN, fFEEE
LAWK I 20 MHBERfR 2R L, T2 Kb
DOTHEBINDEBILANL 2T S MT O
HENRDR S 172,20 M TN EIRPIEELIER 2
bhBHEEIN, IEMERFAHEHEHETHS SOD IZTHN
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THHENZEZRZLTHD, MT 2587
. MHHEMIBME TR T2 ZENHAISNTH
0D,%® T2 RMFITKDBIEMERITHAREIC
FoTHEEINS ZENHEINTNS, TR b
F > U IfE T OMIRE S IREER L & DR
RAVRIREN, EERNHENRENT REF2 2T
FEINDIBEA N L RICBEGT S EEBONS. £
7z, ZnSO4 (100 uM) DHINI LT K hF 2 > THE
BINDHIEAN Ca2t O KZ-HSMNTHIHEI L 7=
2%, HiRFEEPIAIO TPEN (1um) 1ZHIREN Ca2t @
WRICIIBES Lo 7= (Fig. 6).20 ZOHEEIL,
MRS Ca2t O REMGI T2 LickD T
V=S PHIVEEZEDIT Y R MF 2 MEDRH
TSI EERETS, TORMFIITED
W /R ZIRRETIE, EROS O G A B RIE M
DIRTITRO Y N7 E, B IRERBICESZ 5]
EEITZENHEIN, T2 R MF 2 ME DK
RE D HEJE A2 T O High DR RE A AR R RIIN RS
T U B TIZR NS, ARHRREITR®BEA ML
AL BEERBBEREET S Z EIIEENRN, LN
> T, WIMAETIEHEFHOEFIET > R hF2 2Tk
HBACA ML ZOEREE Z S L THKD 5RE%E
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Fig. 6. Effects of ZnSO, and TPEN on Enhancement of In-
tracellular Ca2* in J774A.1 Cells Stimulated with Endotoxin
J774A.1 cells (1X106/ml) were loaded with 1 um fluo 3 for 30 min.
Cells were incubated with endotoxin (10 ug/ml) in the presence or absence
of 100 um ZnSO,4 and 1 um TPEN for 1 h and the mean fluorescence intensity
of fluo 3 of 10* cells was measured with FACScan. Data represent the means
+ S.E. from three independent experiments performed in triplicate. *p<C
0.05, compared to untreated cells. **p<0.05, compared to cells treated with
endotoxin alone.

B ZT<Nn5.
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F 2 VIMIE T D Se DEHIEL GSH-Px Z 41 L 72 {EH
THO, WHAMEBITHE Se DAEKBEENT R NF
DOTEEINDBIEA ML RAICEEZEZ KT L Tn
5. 25)

7. TRMERIDE—BEER

NO IZH ARZT P HIVHETH D, I HkitFE
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DEEA, EHNEEICET 2HANIES N, mE
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Nt Re DI 252, AT, HEICET 2 2 NS
MIZINDDH 5. NO GHiEEFE (NOS) 133
HOTAYV T+ —LMOHERINTHBO, ffgi
(n) NOS (NOS-1), ##E% (i) NOS (NOS-2), W
A (e) NOS (NOS-3) I/ Th5b. nNOS
L eNOS IZZNZEN = 2 — 1O > KON AT HE
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Fig. 7. Changes in Xanthine Oxidase Activity (a) Lipid Peroxide (b) and Non-Protein Sulfhydryl (c) Levels in the Liver of Rats

Given the Se-Deficient Diet 18 h after Endotoxin Administration

Rats were fed the diets for 10 weeks, and then injected with endotoxin (4 mg kg~ !i.p.). A: Se-adequate diet (control), B: endotoxin/Se-adequate diet, C: en-
dotoxin/Se-deficient diet, D: Se-deficient diet. MDA: malondialdehyde. Each value represents the mean + S.E. of five rats. *: Significantly different from the value

of endotoxin/Se-adequate diet group (p<<0.05).
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Cell number

DCF fluorescence

Fig. 8.
J774A.1 Cells

Survival (%)

LPS 1 yg/inl

LPS 10 sg/ml  LPS 10 psg/ml
+AG 300 uM

AG 300 xM

Drugs

Effects of Aminoguanidine on Endotoxin-Induced Intracellular Peroxide Production (A) and Cell Growth Inhibition (B) in

A: After DCFH-DA loading, cells were incubated with or without 10 ug/ml endotoxin for 5 min. Aminoguanidine (AG, 300 um) was added to the cells 10 min
before endotoxin treatment. Then, the fluorescence of intracellular DCF was determined by flow cytometry. B: Cells were incubated with endotoxin (1 and 10 ug/
ml) in the presence or absence of 300 um aminoguanidine for 48 h. Cell survival was measured by the MTT assay. Each point represents the mean + S.E. of 8 deter-

minations.
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Fig. 9. Effects of Cobalt Chloride and Deferoxamine on
Production of Nitric Oxide by Cells Stimulated with En-
dotoxin

J774A.1 cells were incubated in 12-well plates and treated with endotox-
in (1 ug/ml) and interferon-y (IFN, 100 U/ml) for 48 h in the presence or
absence of cobalt chloride (100 um) or deferoxamine (100 um) . Nitric oxide
production by J774A.1 cells was assayed by measuring the accumulation of
nitrite in culture media using Griess reaction. LPS: endotoxin, CoCl,: cobalt
chloride. Each bar represent the mean + S.E. of three experiments. *Sig-
nificant difference from the value of cells treated with endotoxin/IFN (p<

0.05).
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BRIMEME S 3 v 713 SIRS E WS A TEIET 5
AN EINTND. D ZOL D IFEDT &ITIE
YA B D IMEENFEET . D-GalN TREAIES
N7exX U AT TNF Z 5 9 1UEBUETE A% 3000
BFICEES. P 2T, EHESWEZ0ETINZEZHN
T/NEHG D> 3 v 7 BHRZ#ERT 572012,
BAIZ thTNF IZ6 9 5 LR 2 B L7z, 2 /N
#175513 GalN & fif < ™7 & T® rhTNF O SE/EH 2
Bl L, 7z, rhINF 512 X5 EBEKEOK T
DI X, /NSEEATE O rhTNF 1203 % B ek
MBRIREINE, Payv I/ BEEOEERGHED 1
DIZDICHH D, AL HEITIRENERIC
BROBEIIOR#SE RS, RIEEEEIZAEWICY
> LTHD, MuiEBEREDARRE T bH 2 HUNMEER
PREERANT, WERNREEZREZL TV EEXS
NTWwa, Z£I7T, £#533 DIC OZWicfi A
I 5 fibrinogen DAL Z#%2 L 7z. rhTNF D%
5 Tl3FEZE /2 fibrinogen DK FASR. 5N 508, /e
SISO GEZFDOE L WME R 2T % 2 &A% GR
OOENEZZIDZ LT Kubo 5N REF2 2T
FHRINDT v bDDIC TOI/NMR, fibrinogen
DY B DVINGESG; DR AL 7 T & % bicalein, bai-
calin K VP TERZ L2 RBLTHBD, EH
5OMREZEMTIZBDTH 5.

INERRIS R 5T 2 KD T RhF >
KB o E kL, &R FPEER D XOD IE
PEDTTHEN IR & 1, SOD O GSH-Px O A3
BNz, —F, 71U—FT 7))l scavenger D
N GSH K& 7X 05, OH + D scavenger TH 2 o~ b1
JrO—)VI3T > R EFUICK D EEREAIA
5N5N, MNEHZIEEN S OEDEMAZ. Lz
MoT, NEFIGIIZ O REF Tk B 70—
DHIIIVEATIER T ) —F P H IV EEEEK T O
mFEEMHIL, TORMFI K> TERLINS
TV =T PHNOEENSEREHET 26D EE
ALNE® ZOZERFAVITCIFAKRDZED T
SR J 1 BEE% @ baicalein, baicalin 38 W HiER (L,
EAZRL, invivolZlBNWTH e haT7x0O0—))
ERIFEE OYIBLIER 2R 2 &, 7 £/, /INEH]
B & 5 M58 I b KR @ #1 il 13 312 baicalein,
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Fig. 10. Scanograms of SDS-Polyacrylamide Gel Electropherograms of Liver Plasma Membrane Protein

(a): cotrol, (b): endotoxin, (c): endotoxin+TJ-9 (Sho-saiko-to), (d): TJ-9. Endotoxin (6 mg/kg) was administered i.p. into TJ-9 (500 mg/kg/d, p.o.) -
pretreated mice. After treatment, the mice were sacrificed at 18 h postintoxication. Each sample (10—20 ug of protein) was subjected to SDS—gel electrophoresis.
Gels were stained for protein with 0.1% Coomassie blue and decolored. Each plasma membrane preparation was from 10 mice. <> : endotoxin-induced membrane

protein damage.

ginsenoside RE NBIE L TWB Z ENRBIN TN
%.70 X512, FEFHSIT/NGEHG O IR O R E
2T B3R % SDS-RU 7 7 U)LY 2 REXIKE)
THHF L. 2 NERG O 5T R hF2 >
TH.511% 65kDa, 140 kDa D% > /)N 7 DEE
ZEEL, HHEEZRET SERNRRI N
(Fig. 10). —7, l@#sfEEFEEED LDH isozyme /X
y—EIERTSHE, TORMFIICEKS LDH
-3,5 isozyme TH 5N % & i 2 /N5 3 B5E L
. TOZERNENGDNRERESE, UV —
LBEFR O ZBIEL, HHRRREE OB > T
WaZEMPRSI N, BEIKENNY —2 =KL 7= ®
HFiEs a v 7 ik sMilaEEEZZT5<, >avy
2K B ZhEa A ENDOEREDOH LI EE ZH#H > Ty
5N, JU—=F VIR ZEORRICEEGLTH
0, NESHBEDO 7Y =5 D HVITd S MENTTS
avIEREL TEEREFEZ 52 5.

BUMAEPES 3 v 7 TORMIMERIIOMK TITEL
L TINOS 2L % NO EANFELEb->TNnWs Z &
AURINTH D, EF S5IT/NENG OB #EIZNR %
NO EAMNS Y 70 —F L 7. 3030 rthTINF O & Tl
NO FEALBWNS, T2 RMF 2 &EhINFOD
PERIC K DM NO EASIND. I T

T R hF3 2 /rhTNF THIFAL 72 J774A.1 Hilfid %
U C/NESG TR 5 NO sEAER Z/Mat L
7230 INSEHRIG D MERR AR 5) C b 0 S DIE 1 R o D
1DTHhHHY A IV R ald, ROKSITIDG
Nl 2% T 9 FEOLEMICALT 2. 2D &id
BB/ NSRS 2 B IR N L TH B 2 2 X7
W, T, E£F 513 in vitro TGRS F
EEFEHLUTHEI L. onlo, NEHGZER
A5 L7 ADMERME, T>BhF 2/
rhTNF TR L 7= J774A.1 flifld7» & @ NO pEA %
HHI U 7= (Fig. 11).30 L7220 > T, /MNEHEI
NO OpEAZMFHTHZ &ITkD, T RMFT 2
THBEINDMTEOK T ZBHET 5 Z EAVRBIN
7z, PERK O RMMEHEITEDEK T Z/RL TWDHEL
MAEMS 3 v 7 BHETIE, MERRMERFO BN TE
WMEZRDED, IMEEFZHMEL T/ IVIE X
7 s EQMENMER OERNITHONTE 2N,
INSESS DA N ED NO OMHI O E /N 5 b FRT
X%, 65)

I 51T, EF S II/NEHG OB S 2 RN O
Cax* Eie/n 5 BEIR L 2. /NEHS ORI 5213
I RBMFITED 07 EAICERT 2 M afE
Ca?t R 7HRERE Z RE S &, Mifastn S i
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Fig. 11. Effect of TJ-9-Pretreated Serum on Production of NO in J774A.1 Cells Stimulated with Endotoxin/rhTNF

Mice were pretreated with TJ-9 (500 mg/kg/d, p.o.). The pooled serum was obtained from 10 mice pretreated, with TJ-9. Control serum was obtained from
TJ-9-non-treated 10 mice. Cells (1106 cells/well) were incubated with combinations of endotoxin/rhTNF and TJ-9-pretreated serum (10—100 ul) . Nitrite ac-
cumulation in the culture medium was determined as described in Materials and Methods. Each bar represents the mean = S.E. of 3 experiments. None: unstimulat-
ed. J774A.1 cells, LPS: endotoxin (1 ug/ml). rhTNF: recombinant human tumor necrosis factor (1 X104 units/ml), Control: TJ-9-non-treated serum. TJ-9: Sho-
saiko-to (500 mg/kg/d, p.o.) -pretreated serum. a) p<0.05, compared with LPS alone-treated group. b) p<<0.05, compared with rhTNF/LPS-treated group. c) p

<0.05, compared with group treated with rh'TNF/LPS plus control serum.

NADHAZE, [C2t ], 0MKZMEH SE -
(Fig. 12). —7, /NEHIGBIEITZ > R hF 20T
53 b3 RU 7 Ca2t—ATPase i& 4 D HE K & HI ]
L, S hIRYUTZHEBEDIRETS % state 3, RCI
DIXRTZHELZ., NEHGBIEI I RUTH
Ca* OEMEMADZEICEDI PO RY TH
REREE Z BN S E 5.2 Ca?t 134k D AE D %
BUZ &> TARRRHETTH O, KRR THITLPE R
BEMEE L TEHE, MRIN Ca2t ¥R M ATE M
RERAFTAY L ARCBNWTEE REEZH> T
5. LE->T, NEAGOZ R RF2 2L D
23y 7 ORFEEREICHIIEN Ca2t E<SBEEG LT
W5 Z EIFMENARN,

EnYIC

a7 OREBIXREITH T S AR DE KK
ThV, TOKRKBGIRKDENIZED ST, 25
M D @ 7 SE O & ZHUTPED UMBERA I X
Llifas A L THMETES, BEES a v 70
JRREIX, FELTI O REFTUVMEICEDSHD
Thd. >avlOREORHLIHEDESRITE -
T, Yav/IHEETE I av/ZT0HDIZLBELE
WAL TSN, gy 7ns %O 2hEE R

ENEEIZR>TETWS, LENST, avy
B TR Mm - (KER, (KB 35 humoral media-
tors DA EPEEREN OB SR I I NS MM -
W IREREEE 2P D Z ENFEMO HNIZ/R S,
BIE, Bt = v 7 OIRFITEGUIE & 2 WIS
PRI K 2 IR KA S s 2 B E BN ET,
DER 5 DITHRIC L DRIREHE TH 2, HRLD
SIRS DEAM S P A M HA VEIEDLEMITE S
mediator D I > hO—=)VHifTbNTWs, L,
L, Y1 M 2D ETEIHELDAT 1 T—
& —3BR T B AR ONIR BRI KT 5 EFE AR
Fifc BB D RIS TH D DT, T3 % HHIFR I HIH
THZEWEMNBETLHIVEERZALS LIRS
W, SKETIRAERK 75 75 ADBUMAEIZKE D, 21 75
ANBDEENZDOEDIIHT L TWIHEND
%W WIMEICH LT, ZNETHEE L OBRBEED
BFEDA SN, WEOWIFEIEIIAE I
TR, ZOR, NEAGEY A M1 >, NO
EEDET7U—52H)b, fMldiN Ca2t T 5
IR UMM - MHARBEEEB LTS 2 ENEZS
N5, EHAFRSBEEEOEENMAGD I N
BEERT, e OFEBERTIE-FIZ @< RN
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Fig. 12.
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TJ-9

Changes in Cytosolic-Free Ca2* Concentration ([Ca2*];), in a Single Liver Cell in TJ-9 Pretreated Mouse 18 h after En-

[Ca2*];in a single liver cell was measured by microfluorometric analysis using a Hamamatsu Photonics ARGUS-100CA image processor fitted with computer
apparatus and a video camera. Control: saline, ETOX: endotoxin (6 mg/kg i.p.), TJ-9: Sho-saiko-to (500 mg/kg/d, p.o.).

N, REEIMHOL SRR T 2 HEBIEMAZA L,
FREEDEMEIERNIZE L TWD, ZDXHBI EMN
SIEEFHHITIED 20, NEAG IR EGICXK S
Tav I PR ERET SN TE 5.
DLk, AEFHTIIEEA N L A0 5 Bz BUIEE O %
REFRICDOWTIRRTEREDN, T RMFIVIFER
REREENTHRENBZEFTHY, JRINRAERK
nE BT DD THEEDOEWYETH 2 Z %<
DEF - EYOMREEZER T LTS, 5%, NIt
DL B bF RO RENDBIMIEES 3 v 7D
IR T ORISR DN D Z LI L 72
W,
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