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Experimental Studies for Pathophysiology of Endotoxin Shock
— Effects of Anti-shock Agents on Chemical Mediators and RES Function —

Yukio GOTOH
Department of Surgery (Section I), Sapporo Medical College
(Chief : Prof. H. Hayasaka)

The effects of prostacyclin (PGIL,) and reduced glutathione (GSH) in rabbits given E. coli
endotoxin (Img/kg, i. v.) were studied. The conclusions are summarized as follows:

1. Plasma serotonin and histamine concentrations gradually elevated after endotoxin challenge.
PGI, and GSH treatments inhibited the elevation of these mediators.

2. Plasma g-glucuronidase concentration gradually elevated after endotoxin challenge. PGI,
and GSH treatments inhibited its elevation.

3. RES function was measured by lipid emulsion at 120 min. after endotoxin challenge. It was
significantly depressed in endotoxin shock. PGI, and GSH treatments improved RES dysfunction.

4. Plasma endotoxin concentrations were measured by MCA-substrate. Plasma endotoxin
concentrations diminished within 120 min. after endotoxin challénge, but thereafter elevated again.
This elevation phenomenon seemed to be due to the entrance of “intrinsic endotoxin” from the
rabbit intestinal flora into the systemic circulation. In the groups receiving PGI, and GSH trea-
tments, the plasma endotoxin concentration was maintained at a level lower than that for the nontre-
ated groups and the elevation phenomenon was not recognized. PGl and GSH treatments seemed to
accelate clearance of administered endotoxin from circulating blood and to inhibit the entrance of
“intrinsic endotoxin” into the systemic circulation. PG, and GSH treatments improved survival rates
from 42.99% to 85.7% and from 40% to 8094, respectively.

The above results suggest that chemical mediators, RES function and “ intrinsic endotoxin ”
play important roles in the pathophysiology of endotoxin shock.

(Received January 18, 1983 and accepted March 22, 1983)
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2 EBMBEIUBE

2.1 TUF bR UBLIUHY

Et iz, E. coli 0127: B8 lipopolysaccharide B.
(Difco Lab.) #E&HE4AEBEAE K (B8 T 1mg/ml
DRECEHEL, —20CIHEREL, HHBERE,
FRUCHEHL .

ERBWIIAE2.0-3.0kg ORBABFRETSH
wHERALR.
2:2 RBERAHE

2:2.1 BN Ets 3 v REBENER

Pentobarbital sodium(Nembutal) 25 mg/kg &
PRRERES, KBREHIRSs L OBMIRIC K ) =5 L v 5 —
FARBAREL, BiREAN, mENE, ki
Et, EH&oEAFA L L. BIRBREME 60 45 b E&
BIMAL, Et 3 1mg/kg #4ERTLESmM/ L1LT1
SEHTTEAL .

FLWREE 3L

2:2.2 kS5 H*E

PGIL; 12 PGI,-Na (VNEFER G T 3#) % glycine+ NaCl
-NaOH ## % pH 10.5 (glycine {£2&%K) CTHEFL,
BHT CHEEEE A K v 7 (Automatic Infusion Pump
1 H-type, ATOM) i=C<#A. GSH (x4 v, 42z
P 12 500 mg/kg 4R 20ml WML, Sk
TTHRE L.

2.2.3 £ B 1
KRABFAXFEAL, UTo3f s 18 G
D 13PGI, D2 20 ng/kg/min O EEC 4 B2 R
BALUREE, IR Q9P 1 Et 1 mg/kg B¥EHT 30 4
I b glycine & W% 0.6 mI/h OWEET 4 Bl L 5
AL B, IIE (19 FD 11 Et 1 mg/kg #3130 &
X v PGl 20 ng/kg/min % 4 BRVREFEA LR L
L7 (Fig. 1).
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Experiment 2

Group I (n=5) Saline 20ml

Sham opr.
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Group 1I (n=15) 20ml
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Group III(n=15)

LE: + 63

GSH 500mg/kg
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Fig. 1 Designs for experiment 1 and 2.
Et; E. coli 0127: B8 LPS B Img/kg 1. V.
GSH ; reduced glutathione

2.2.4 £ B 2

FRBFPLFEMAL, UTosTHesdr. 18 G
FD xAf 20 ml & 30 T AERRE L0, B (5
¥ XEt 1mg/kg #E® 305 X » A& 20m! % 30
STl AR U ok, [IEF (15D 12 Et 1mg/kg &
E# 30 4 X v GSH 500 mg/kg % 30 43-[elSssa L
L L (Fig. D).
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rpm 30 S REEENR O, mRE 58 LERORIEER
F T—20C CHREEFEL .
2:2-5-1 3KE& 2 oFHEHER
[ #H#AEREREII305, E/F5ER, S8R S
#% 30, 90, 150, 210 4rwfkmm L, I8, I0#Ex, Et
# 5 g, Et# 5% 30, 60, 120, 180, 240 7 =i M
Lic. Wil FESLTOBONBIIER 1 LRALTHS.
2.2-6 BHIRENRIE
KEBIRE T ABREIRICEA LI F—F A XD E
b5 v AF =2 —+4— (GOULD statham P 50 &) %4
LT, ZHRERLEEEE(HANLE PM-6) cHIER
gLk,
2:2.7 FFEABIURE
LEEIEHYIEE®, v A v — %1 7 (UHE-201, =
2= AF 4 AN) DRV —EREOKEDD o
FFAEETEcEA L, Aukland ef al'® OXFEH A2
V75 v Atk (UH # —x—, PHG-201, ==—7 x
T4 An) TERE L T
2:2-8 WARBEEDAE
Et #5.% 120 £z, Kim and Pfeifer'® p iz #
U T 10% lipid emulsion(1 v + S5 VA=A, 3 Fy+
F)50mg/kg & 2 L L TEA. BAKTHID
2oERTc10 5 Cc~ v vymc2ml$FoKMmL, %
DEMFRBE > 5 X (B UV-200) ¥ 580
nm TRIELZ. TOBEZANHEFCT=v + L, Mmig
PrbLOYEREYEHRL, #AREREOIFERE L L
2.2.9 H¥oHE
2:2.9-1 M+ b=roBE
Udenfriend et al.'® oZ8E-CH 5 E« KD 0FE
T, XS HET(EE RF-510%AVTEEL
2:2:9:2 M¥FLR%2 I>OAE
Shore et al'® DFEREAHE L EE T, ¥k
SHNEHEHCTEEL L.
2.2.9-3 MiF f-glucuronidase RIE
p-nitrophenyl-g-D-glucuronidase (SIGMA) 0.1
M B FEEHLL, 0.1 M acetate buffer pH 4.0
0.35m/ win#f0.1 ml, EEEKO.05ml%xIz 37°C3

=V F b FYVYa oy 2 OIRREICEST 5 ERAVEFSE 3

B vFa~—1t1, 0.2N NaOH3m/ %z TR
IBEREELRED. SEERT A, R 400 nm TR
XEPELEEL .
2:2:9+4 mM/MERBRIE
Brecher-Cronkite?? g (Unopette, Becton
-Dickinson) X b AL AEZEBEME CER L .
2:2-9-5 MiEH XD
L A8 Y A5 HEE (ABL2, RADIOMETER) iz €
HE L fo.
2:2:9-6 Mmig Et BEOAE
EHO® oFEIE, SHEYE (Boc-Leu-Gly
-Arg-MCA, ~7F VEIRD *AVCEE LR M
BMIIESAZREKRTLERRL, 100C10 5 REIINEM
BLtedh DOk E Lk, Lysate 117 vy A GEE
) A FER L, FEFEE L L T MCA(4-methylcou-
marin amide) »{#HE 1L 7:.

3 RBAE

31 & # =

SEFERIIEt 5% 24 BRI cHZE L. PGL #58f
114 F 12 85.7%, PGL FEHREFIZ14 b6
42.9%THv, x*EETHEEK (P<0.05 PGL 45
BOEHFEIGESIN-(Fig.2). ¥/ GSH &5# 11
10 P37 8 F 80%, GSH JE#55E12 10 W+ 4 40%
ThD, MEEHEEE RS, GSH 510l 4
HFROYEERIFD bl (Fig. 3).
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EHERE L Et 85530, 6045 LIETFL, Fot%
EE A RIE RS bhish - o, PGL #5813
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Fig. 2 Survival rate of rabbits at 24 hours after

endotoxin (Img/kg) administration.



312 ® OE E X

(%)

100 |-
80%
5]
3
2 50 |
E 40% 10
8
=
2
w
4/10
ENDOTOKIN ENDOTOXIN
+ SALINE + GsH

Fig. 3 Survival rate of rabbits at 24 hours after

endotoxin (Img/kg) administration.
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Fig. 4 Alteration in mean arterial blood pressure in
three groups of rabbits during the ex-
perimental period.
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Fig. 5 Variation rate of local hepatic blood flow in
three groups of rabbits during the ex-
perimental period.

3-4 PARBEEONEH

3:4-1 EB1 TOWARKEENTH

I 2 o lipid emulsion o ffi A 3 3 BF RS 13 7.7+
0.6 (mean+S. E) 5chb, MER25.111.15 &
EEL, MFETH 1490845 LERL Tk, Et
Y3y 7 CRARBEIEEIN TV EHRD L
hic. LOLMERIFHCELZ0EEIIBETHY,
PGL, #5 1= X h A& (P<0.001) ARBEEDET
I & - (Fig. 6).
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Fig. 6 RES function; the half-time (T 1/2) of lipid
clearance in the plasma (at 120 min after
endotoxin administration)
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3:4-2 ER2 TOHARRBENTE

1 £ o lipid emulsion o M & 3 5 B i 11.8.3+
0.8 (mean+S. E) p¢hbv, MFETII23.0x1.145
CEEL, MEETH 151208 G L EELLIIHER
HLERC @P<0.00D3EIH, GSHELIC I W
PRBREOE TS S hie (Fig. 7).
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Fig. 7 RES function; the half-time (T 1/2) of lipid
clearance in the plasma (at 120 min after
endotoxin administration)
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Fig. 8 Change of plasma serotonin concentration
after endotoxin (Img/kg) administration.
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Fig. 9 Change of plasma serotonin concentration
after endotoxin (Img/kg) administration.

%5, PGL $5ick v zotEmoBEEIHE<, 30, 60,
120 5 CIERIC(P<0.0DEMEA =L, PGl (3mif
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BEFHTH M e b= v T s R SR it
LE*oBREIEL, 60, 120 3 cHEEI (P<0.05) &
BxrL, GSHizX pMftr + = v HEINEIH2ZD
bLhto (Fig.9).
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EHee A4 v (EFHFEER) A EIRERT
8% Thote. IMmiffr 22 I VT EtEBSEHBIERL
#EinL, Et#55 120 505 240 5% CRER UEIE
PR L. PGL BXOGSH o5tk h, vAx:3
vo RS ShAEREH D, EbicEt #5180
STHEEZE (P<0.05) »@EDH LA (Fig 10, 11).
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B |
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Fig. 10 Change of plasma hishamine concetration
after endotoxin (Img/kg) administration.
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Fig. 11 Change of plasma histamine concentration
after endotoxin (1mg/kg) administration.

180, 240 4 TEEI (P<0.05) #W&Exh (Fig. 12),
GSH #5-¢% Et #5454 180, 240 2 CHEMAHIEI X
T (Fig. 13).
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Fig. 12 Alteration in the plasma g-glucuronidase
activity after endotoxin (1lmg/kg) administ-
ration.
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Fig. 13 Alteration in the plasma g-glucuronidase
activity after endotoxin (1mg/kg) admini-
stration.

FLIRER EE
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WinT A EmCD - 7oA, 180, 240 5 S BERAD L7
PGL #5544 Et # 5% 30 5-CHA L, Fotki#EnL
feid LD v <A CrizmE Linh - e (Fig. 14).
GSH # 5.5 4 PGL 5.8 L A oER 2 /R L 1.
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Fig. 14 Alteration in platelet count in three groups
of rabbits during the experimental period.
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Fig. 15 Changes of blood pH and base excess in
rabbits after endotoxin (Img/kg) admini-
stration.
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FE GBI L CEt 851 60 5 LBRIEVETH -
7z. % t-base excess (T Et 5% X v 4 L, PGI,
HE I Y ToRD I e Fig 15). —7,
GSH 58 o Ifi¥ pH, base excess DEE I TIEH S
BHLRAEOEmAYRL, GSHIZL 2 mE» A58 Lo
HEIRD DI T
3-10 mig EtBENETE

E ¥ Et + L CE. coli 0127 : B8 lipopolysac-
charide B (Difco Lab.) % {HH L 72 o BN %X 11
19.8—81.4% (¥Fin Et 2/ 100 ng-100 pg/m/) & Et
HInE TR - 5 Et @ Et #5430, 60,
1205 £ WA T 528, FoBEMT5HELRLI.
PGl 33X 0'GSH o512 X v, mig EtBEIMEL&F
fzh, Et OUEHrLoMEMEEI R, Lad 180 4
D#oEtBEDSLERLRD BNt 1: (Fig. 16
17).
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100 p= \+
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Fig. 16 Alteration in plasma endotoxin concent-
ration after endotoxin (Img/kg) admini-

stration.
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Fig. 17 Alteration in plasma endotoxin concent-
ration after endotoxin (Ilmg/kg) admini-
stration.
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