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Abstract | A single intradermal injection of bacterial lipopolysaccharide (LPS) caused
hemorrhagic necrosis in mouse skin (skin reaction). A tissue factor, membrane glycoprotein, is
known to activate the extrinsic blood coagulation cascade. In this study, an attempt was made to
compare the structural requirements of LPS to induce skin reaction in vivo, and to produce tissue
factor by peritoneal macrophages in vitro. The skin reaction was induced by injection of a smooth
type (S) - LPS, rough type (R : Ra-Re) - LPS, and lipid A derived from Salmonella typhimurium,
Salmonella minnesota and Escherichia coli in a dose-dependent manner, but not by the polysaccha-
ride portion of S-LPS. Re-LPS induced the strongest dermal inflammation (activation) in ddY
mice. This was followed by Rc-LPS, lipid A (the activity of Rc-LPS was similar to lipid A), Ra-LPS
and S-LPS in the order mentioned. In the C3H/HeN mice, Re-LPS and lipid A induced the skin
reaction to almost the same levels as in the ddY mice. The activity of synthetic E.coli type lipid A
(#506) which has a double acyl structure was similar to or slightly weaker than that by natural
lipid A, whereas the activity of a synthetic counterpart of a lipid A precursor (#406) was
considerably weak. In the C3H/He] mice, Re-LPS and lipid A did not induce any hemorrhagic
response. The macrophage suspension of C3H/HeN mice was stimulated with Re-LPS at 37°C for 6
hours, and the sonic lysate of the cells was used to estimate the tissue factor activity by the clotting
method using a fibrometer. The tissue factor was produced by Re-LPS in ddY and C3H/HeN mouse
macrophages. The activity of #406 was the same as that of #506. C3H/He] macrophages did not
respond to even a high dose of Re-LPS. These results indicate that the lipid A portion of LPS is very
important to cause a reaction both in vivo and in viiro. As to the lipid A structure, the double acyl
structure is not required for the production of tissue factor by macrophages, but is required for the
induction of skin reaction.
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Biological activities of bacterial lipopolysaccharides : skin reaction in mice in vivo and
production of tissue factor by macrophages in vitro.
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Fig.1 Structure of synthetic lipid A.

Compound 406 is an analogue representing a chemical counterpart of biosynthetic precursor la
of lipid A. The structure contains a 1, 6-linked D-glucosamine disaccharide which carries two
phosphoryl groups at Cl and C4’ positions, and is acylated at positions C3, C3’, C2 and C2’ by
(R) -3-8 hydroxytetradecanoy! residues. Compounds 403, 404 and 405 contain the same fatty
acids as 406, but 403 is a nonphosphorylated compound, and 404 and 405 are
monophosphorylated at C4’ or Cl position, respectively. Compounds 503, 504, 505 and 506 in
which the hydroxyl groups of (R) -3-hydroxytetradecanoic acid at C2' and C3' of 406 are
acylated by dodecanoic acid, and tetradecanoic acid, respectively. Compound 506 carries two
phosphoryl groups, 503 contains no phosphoryl, and 504 and 505 have one phosphoryl at C4’ or
C1 position, respectively. Compound 506 is a chemical counterpart of natural E.coli type lipid A.
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Macrophage suspension
(1x10° cells/ml)
+/-LPS
{
37°C (5% CO02),6 hours

{
Cell pellet
{
Suspension(VBS)
{
Freeze/thaw(3 times)
Sonication

{
Cell lysate 0.1ml

+
Mouse plasma 0.1ml

{
37°C.,3 min

{
+ 25mM CaClz(phospholipid) 0.1ml
4

Clotting time(sec)

Fig.2 Tissue factor assay.
VBS : veronal buffered saline
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Table 1 Kinetics of skin reactions induced by LPS and lipid A.
Time (h) Mice with the follov%ing
Stimulant after injection dermal responses (%)
+ + + -
LPS (S—from) 12 — — 80 20
S. typhimurium LT2 24 60 40 — _
48 60 — 40 —
72 — — 40 60
Lipid A 12 — — 100 —
from S. typhimurium LT2 24 — 60 40 —
48 80 — 20 —
72 60 40 — —
120 20 — 80 —

Ten micrograms of S. typhimurium LT2 LPS or lipid A were injected i.d. Local reaction was evaluated at
various time intervals after i. d. injection. Five mice were used in each group.
Dermal responses were evaluated according to the following criteria :
# ; a lesion (with hemorrhagic necrosis) with diameter of more than lmm
+ ; a lesion (with hemorrhagic necrosis) with diameter of 1mm or less
=+ ; a blue spot (due to leakage of Evans blue into an extravascular space)
with diameter of more than 2mm and without hemorrhagic necrosis
— , a blue spot with diameter of 2mm or less and without hemorrhagic necrosis.
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Fig.3 A : External view of hemorrhagic skin
lesion of mice 48 hours after id.
injection of 20ug of S.typhimurium
LT2 lipid A (closed arrow) or 20ug
of 0.025% triethylamine in saline at
the control site (open arrow).

B : Internal view of “A".
. Histological structure of control skin.
D : Histopathological structure of skin
lesion of mice 48 hours after i.d. injec-
tion of lipid A. (See legend in “A".)
(H.E. stain, X 100.)
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Table 2 Skin reactions of ddY mice induced by LPS and lipid A.

Mice with the following

Stimulant (/zg})rgf)?lse) . dermi_l responsfii (%) Noi eosft glilce

LPS (S—form)
S. minnesota 40 100 — — — 3
20 100 — — — 5
10 100 — — — 5
5 40 — 60 — 5
25 20 — 80 — 5
1.3 — 20 60 20 5
S. typhimurium LT2 40 67 17 17 — 6
20 50 — 33 17 6
10 60 — 40 — 10
5 20 20 60 — 5
25 20 20 60 — 5
1.3 — 20 80 — 5
E. coli OI1] : B4 40 80 — 20 — 5
20 50 17 17 17 6
10 60 40 — — 5
5 50 17 34 — 6
25 20 20 60 — 5
1.3 20 20 20 40 5

LPS (R—form)
S.minnesota R60 (Ra) 10 83 — 17 — 6
5 60 — 40 — 5
2.5 — 40 40 20 5
1.3 — 40 20 40 5
E. coli J5 (Ro) 10 100 — — — 6
5 80 — 20 — 5
2.5 40 — 60 — 5
1.3 40 — 40 20 5
S. minnesota R595 (Re) 10 100 — — — 5
5 100 — — — 5
25 100 — — — 5
1.3 20 60 20 — 5

Lipid A

from S.typhimurium LT2 20 100 - — — 5
10 90 5 — 5 21
5 43 43 — 14 14
2.5 10 50 30 10 10
1.3 7 28 21 43 14
from E. coli J5 10 40 40 20 — 10
5 20 70 10 — 10
2.5 20 20 60 — 5
1.3 — 40 60 - 5

Polysaccharide
from S. typhimurium LT2 80 — — — 100 5
40 — — — 100 5
Saline — — — 100 159
0.0259% triethylamine in saline — — — 100 94

LPS or related compounds were injected i.d. Local reaction was evaluated 48 hours after id. injection.
Refer to Table 1 for criteria of dermal responses.



58 HEKHEE 18 :51-66, 1993
Table 6 Doses of LPS and lipid A required to induce homerrhagic necrosis.
Strain Stimulant EDy(ug)(#, +)
ddY mice LPS (S—form) S. minnesota 5.1
S. typhimurium LT2 5.3
E. coli. 0111 B4 4.7
LPS (R—form) S. minnesota R60 (Ra) 3.1
E. coli. J5 (Rc) 2.1
S. minnesota R595 (Re) 1.3
Natural
lipid A from S. typhimurium LT2 1.9
E. coli. OlII B4 25
Synthetic
lipid A 503 > 10.0
504 2.5~ 5.0
505 25~ 5.0
506 (E. coli type) (1.3~ 5.0
406 (precursor la) > 10.0~20.0
NaOCH;-ReGl > 200
Glycosphingolipid > 40.0
Polysaccaride
from S. typhimurium LT2 > 80.0
C3H/HeN
LPS (S—form) S. minnesota 5.1
LPS (R-form) S. minnesota R595 (Re) 1.3
Lipid A from S. typhimurium LT2 2.5
C3H/He]
LPS (S~form) S. minnesota > 40.0
LPS (R-form) S. minnesota R595 (Re) > 10.0
Lipid A from S. typhimurium 1.T2 > 10.0

EDys of samples to induce hemorrhagic lesion (# and +) were estimated by Probit analysis from the

results shown in Tables 2, 3, 4 and 5.
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S
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polysaccharide
Fig.4 Chemical structure of endotoxin from Salmonella.
Abe :@ Abequose, Man : Mannose, Rha : Rhamnose, Gal  Galactose,
GIcN : Glucosamine, Glc : Glucose, Hep : Heptose, Ph : Phosphoric acid,

EtN : Ethanolamine, KDO : 2-keto-3-deoxy-octonate

Table 3 Skin reactions of ddY mice induced by synthetic lipid A.

Mice with the following

Stimulant (,ug?r?lzeuse) dermal responses (%) No:Leosfté?ilce
+# + + -

406 (precursor Ia) 40 100 — — — 5
20 80 20 — — 5

10 — 20 — 80 10

5 — 9 — 91 11

2.5 — 9 — 91 11

1.3 — — — 100 11

503 10 — — 40 60 5
5 — — — 100 5

2.5 — — 60 40 5

1.3 — — — 100 4

504 10 100 — — — 5
5 80 — — 20 5

2.5 — — 20 80 5

1.3 — — — 100 5

505 10 100 — — — 5
5 40 20 — 40 5

25 — 40 60 — 5

1.3 — — 40 60 5

506 (E. coli type) 10 67 — 27 6 15
5 64 — 22 14 14

2.5 20 10 50 20 10

1.3 10 30 10 50 10

Synthetic lipid A was injected id. Local reaction was evaluated 48 hours after i.d. injection. Refer to
Table 1 for criteria of dermal responses.
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Table 4 Skin reactions of ddY mice induced by glycosphingolipid and NaOCH;-ReGl.
Dose Mice with the follov&;ing No. of mice
Stimulant (ug/mouse) dermal responses (%) tested
+ + + —
Glycosphingolipid 40 — — 55 44 9
20 — — 44 55 9
10 -— — 67 33 6
5 — — — 100 5
2.5 — — 60 40 5
1.3 - — 20 80 5
NaOCH;ReGl 20 — 40 20 40 5
10 20 — 60 20 5
5 20 - 80 — 5
2.5 — — 40 60 5

Glycosphingolipid was isolated from Sphingomonas paucimobilis. NaOCH;—ReGl was deacylated LPS from
Re-form LPS. Glycosphingolipid or NaOCH;-ReGl was injected i.d. Local reaction was evaluated 48 hours
after i.d. injection. Refer to Table 1 for criteria of dermal responses.
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SICHEAEAEE L CTEERED 2 5 - v
BHL, Fhicli/MEs EsME L CREl
Y B ddY =9 2 it B 24 LPS R0
RERIGAEET 5 &, S-LPS, RLPS, K&
JEFADLTHICBWTHFRET B Lob
5% (Table 2), £ DRIV NVEXRTD
S-LPS IR D ZHEE 4> T 80 ug D RERE I
BUTHHIMEEMSE I SBWT &5, Th
SORIGAERT 5D LPS 4T HD Y
EFARE (Fig.4) PHMETH LI ENRER
i,
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Table 5 Skin reactions induced by S-form LPS, Re-formn LPS and lipid A in mice with low responses to

LPS.
) Dose Mice with the follovs{)ing No. of mice
Stimulant (ug/mouse) . dermil response+s %) _ tested
C3H/He] 40 — — 100 — 5
S—form LPS 20 — — 80 20 5
(S. minnesota) 10 — — 40 60 5
5 — — 20 80 5
2.5 — 20 80 5
1.3 - — 20 80 5
Re—form LPS 10 — 100 -— 5
(S. minnesota R595) 5 — — 100 — 5
2.5 — 80 20 5
1.3 — 40 60 5
Lipid A 10 — 67 33 9
(S. typhimurium LT2) 5 — — 100 — 5
2.5 — — - 100 5
1.3 — — — 100 5
C3H/HeN
S—form LPS 10 80 20 — — 5
(S. minnesota) 5 20 20 60 — 5
2.5 — 80 20 5
1.3 — — 80 20 5
Re-form LPS 10 100 — — — 5
(S. minnesota R595) 5 100 — — — 5
2.5 80 20 — — 5
1.3 40 — 60 — 5
Lipid A 10 60 10 20 10 10
(S. typhimurium LT2) 5 40 20 40 — 5
2.5 80 20 — 5
1.3 — 60 40 — 5

LPS or related compounds were injected i. d. Local reaction was evaluated 48 hours after i. d. injection.
Refer to Table 1 for criteria of dermal responses.

Table 7 Skin reactions of ddY and C3H/He] mice induced by PAF.
Mice with the following

Strain Dose dermal responses (%) No. of mice
(ug/mouse) x m T T — tested

ddyY 10 7 40 13 40 — 15

5 - - — 67 33 9

2.5 — — — 22 78 9

1.3 — — — 11 89 9

C3H/He] 40 100 — — — — 1
20 100 — — _ _

10 — — 66 33 — 3

* : dead

PAF : platelet activating factor

PAF was injected i.d. Local reaction was evaluated 48 hours after i. d. injection. Refer to Table 1 for
criteria of dermal responses.
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Fig.5 Time course of tissue factor production
by macrophage after stimulation with
LPS.
Re-LPS was added to macrophage sus-
pension of C3H/HeN mice. Tissue factor
production was evaluated at various
hours of culture.

S SICRBERIGDOIEHOME Y HD < 2
ICHIMEESE (+20E) 3¢ EDy DL DR
L7 & T A, Re-LPS> RcLPS, R EF
A> Ra-LPS> S-LPS OJ[f & -7 (Table
6)o ZHEHSOE X O > TRBERIED
EHESR L TEBD, 2LPSHATFHICED S
) EFADEIGIC X - TIEMSBOEEEL D
TEMRBENS, £, TOSERSBEHN
EHEES ST TV AR O EZ SN b, %
DR =2 74 (Fig.4), KDO (2 -4 +—3
—FAFY A7 b VB WROXEBLGEZLD
7, Re-LPSOEHSYEFAXD VT &
X0, BICKDOMOEE M@ RBRI N
foo THRERBERIIG, 972405 R-LPS O
5 S-LPS X n g\l & U TEEERMEREEED,
HEDERAL®, <~y 2O~ /07> -
Iz & % leukotriene C4 DBEEE®, 5 v +BERD
BEEEF AT (TNF : tumor necrosis factor)
AP EORERL LN,
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Fig.6 LPS-induced tissue factor production in
macrophage.
Re-LPS was added to macrophage suspen-
sion of ddY, C3H/HeN and C3H/He]
mice, and cultured for 6 hours.

DOFERRY € F AN T 3 506 i@ L Thia
DIEHEDEEE L T Wiz, 406 & 506 OREED
ERiT, 406 45) ¥ FAESROTRENTH
D, ToNFFROTVvNREIH A TAFE
BRELTWEL ETH S (Fig.1), 406
L 506 DFRERP S FORERIETHE v 2
7oy = yRIBEEREE, U EFAOEHERO
FTNT VBN T D=9 ZARBRIGICH L
BELTWAT ttbhostz, TOLSICLPS
I & B HIMERKIG B OREEE A THIE
BRHOBORIETH B LB E LI -
F 5B X I RKRD LPS LA PiEH OB EER
REEFHMCKRIT T2 &, ReEHEBK LD
NaOCH; LB & » T 7 v VS &I % &
E L EH (NaOCH;—ReGl) iz & % MG
(Tabled, 6) TIZ EDs 25>20Th b, ZDOH
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Fig.7 Tissue factor production by synthetic
lipid A analogues.
Synthetic lipid A analogue (406 or 506)
was added to macrophage suspension of
C3H/HeN mice, and cultured for 6 hours.
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Fig.8 PAF-induced tissue factor production.
Platelet activating factor was added to
macrophage suspension of C3H/HeN
mice, and cultured for 6 hours.

MBI 7 > VEE SRR LT H 5
EDRBENT, FHERBE A2 F)TTHD
Sphingomonas paucimobilis 7» & EEx iz X
7 4 v IHE8'E (glycosphingolipid) |38
)75 LPS LRGN RIT D, 3—~A4A Fofy
IR (Fig.1) ® KDO s &) REFED T3
ARG LTVEL, TOR7 ¢ v IREEHE
TRINMEEERLT S5 LETET, TOK
OB DFEBICIE 3 — A F o+ VIRIRRY &
HTHBHIEbbpot (Tabled), &5ICH
B EFAD 03 ~ 506 OREFIcL D Y v RE
A4 RA LIV 503 O SIR I3 b 55 <,

) VgAML ERAT 5 504, 505, 506 @
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SO E D03 it HRF LS i o 7o TOT E &
D T OWBIMBPE G AL T 51T, ) R
B Eb—[LLEVNETH B T EMRB S
N7z (Table 3, 6),

LPS (K&~ v 2 Tdh % C3H/He] It B
5 oIMERIGRFETIETF LTV S
(Table 5, 6), —J, LPSic&k » CTH#Eh 3
R O O&E@EYEDITHE (£) 13406 THH
1) DKM T % C3H/He] ThiEC 3 &
L0, BIMEM & R - T 2 2 X6
THDHIENRES N, TOXHIBIENS
C3H/He] THitd T 2t & L THADEEAL
R PEROBELE T EBHIS T WA, ol
BosEETtE (£) ok BEENEEE, C
DEHIBIGEREE LN THEEEZ SN
%, FoMIMERKIGE<2 07 7 — P ME
MNEZAMI D & 5 1SRRI D g AL & B L
IR TH BDhd LNV,

TV FbFYyOERRBICES T ART &
LTeRY Iy, 2ub=y, F=v, 5T}
interleukin-1 (IL-1) ® TNF 75 EDH A b A
1 vBHIGNTWED, REFEHEEDTVS
chemical mediator & U T /N 7E ALK F
(PAF) HIGHhTW5, PAF (34 OARE
HAEAL, TYFFFY Y Ya 9w IDATF 4T —
7 — & LT X ofhic S9E, MkEEH & &Y
HLTLWEHDEEZEZLNLTVLE, BEKED
PAF 2 & 3 R8I & - T ddY, C3H/He]
& bICHIMEsEAER Lz (Table ), O
T &k LPSic & B E RGBT PAF H3af 5
HOMEAE L TWS T EMRIEE N,

2. HHERNT

In vivo TLPS <9 29 =+ vy # IS5
T2 & EBECERIERZ Ui & U 2o U
pERIN, ChEHBEL TEHB X URRO
w707 y—9, FERERGEBS , MlaEh
K DB R FIEEDS TTAE S 55120, [ERRIC in
vitro lICBWVWTb<w27 07 > —YITLPS 24
THEE S 5 LARKINF, prothrombinase, X
[KF activator 75 EWFEHE SN 5,

<y 2w 07 »— Y% LPS THIEK L
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TS AR T sEE S, T/ Re-LPS 1.0
vg/ml ORIEM T S MBRFEAVER SO
(Fig.5), RERIGTIZERBLPS, RRYEF
ADOTEMNSBLPS DL DFE L #id -
fohs, ERice Y A< 2707 7 — Vb o O
WFEEIC>VWTHRBLPS A SRILPS ic
BT, $oEHEoEWIER T TIRERSY
KEh#EShTVLE, ARY ¥ FADKET
13 406, 506 2\ 1225, ZORMBIRKELT
HMBRTEEANRD oh, HERIEE IR
406 b 506 L EIEEOEM AR L 2 (Fig.
7o L7c#->TLPS HlBic & 28R FEA
KBOWTIRSYTA7 Y VEBRLT L 6
HElLTuwiowI ENRrm@eant, Thidin
vitro KBF A3RIEH <707 » —IKIFIKD
WTORIGTH 5D LT, invivo DRIGIZ
HEIETH D, K DREMICBEEREEX
MLTWAIZE, FAFHEZESD assay ROZE B
BLTWBIEMNEZ LN, TOXDIHEE
BERMICOBAORBELIEESDHL L 2ERE

LI nidEsiin,

LPS B Z¥:~v 2 TdH % C3H/Hel] ic B
F3LPSHIIcE 3= 07—k o0
R FEEA 1 10 ug/ml © LPS FIBT & 4BEK
FEENA SGNIIH T (Fig.6)s TORIE
flhp£ < @ LPS i & 5 AW & F#E I 1ps
BEFOHEEZ T TVSE I ENRBERT,

PAF ic & 285 T3 PAF JERmMEf i b
LT PAFGME D3 > ofFMEEEsATY
7z (Fig.8)o %7z PAF A OaLEIic & b
LPS #7212 PAF #lgic X v FE S W HEKR
T-OEEHSIH & 123, 5 - T LPS #ll#c &
BEHBIRFOREEICII PAF XBI5 L TWA T

HEEAHEE 181 51-66, 1993
EBEAL NS,

LIE, LPSD&-oiEMD S B in vive ITBF
LZRBEIGE in vitro BT BHBEFOEL
BED HFTREA LBRE L, LPS ORIBIC
Xbh<wsa07>—YHTNF, IL-1%EELZDY
A A VEREEL, ThS5OFABHA VN
MR ToELEERZT I LB TY
%, RENIGICBWTR S 0 MEERER O
Hibicb &0 7 4 7Y VBRI, BIER, <=2
o7y — VMBEETHMBRTRESLTVWS
EAfEBEh, REMIG (HMEE) oRB
KHA b4 VHEBESLTVWRZEEERALN
7o

¥ L

MEANSERCBY 24EEohLTH B Y
EFADOHESGEFHEOEBE I W T in vivo D
KIGTH 2=y 2RFKE (HITER) & in
vitro DIXIHTH 5 < v RBERFELED 2 >
BN A5 -L LUTREL, DUToERELE
7z (Table 8),

1. =9 AEERIE (HIMER)

1) R-LPS ofEMSH &L, 2DWTRAY
EFA, SLPS OIETH - 720

2) S.typhimurium LT 2 (S-LPS) @ PS HE
SR HMBERIERT L EMNTER
- b A

3) BEY ¥ FA® 506 ofFti: R-LPS, X
RYEFALES», FhUToMEEERLE
B, 406 13578 b FEHEDGEH - 12,

4) HIM#EkA*ERET 513 Y vEBRENDII
CEHS—HUESLETH - 12,

5) WIMEBEERES 57 v AVEESTED

Table 8 Comparison of structural requirements of LPS to induce skin reactions and to produce tissue

factor.

S—type & R-type
(ddY&C3H/HeN)

406 & 506

Mouse strain
(ddy) ddY, C3H/HeN, C3H/He]

Skin reaction S—-type < R-type 406 < 506 ddY > C3H/HeN > C3H/He]
No reaction in C3H/He]J
Production of S~type =< R-type* 406 = 506 ddY > C3H/HeN > C3H/He]

tissue factor

No reaction in C3H/He]

% . According to No.8 of the references cited.
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B 34 Fo:UEiiRoBEEsRBIN
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6) C3H/HeN =7 23 ddY = v X & [E%
ORILE R U, C3H/He] = 2 Ci3HIM
BRI EERET B LR TERED -1,

) M/MRIEHALR T (PAF) I X 2 &K
I5Ti3 ddY, C3H/He] & &< HIMBM % &S
L C3H/He] =9 213, »7 o il
~L7,

2. = v 2HERBRTFER

1) LPS [5& 12 ddY = v %, C3H/HeN
<9 X, OJHcL, C3H/He] =7 2 Tlif
BNTOEEBROSNIS - 1,

2) ALY EFA®D 406 & 506 IAREEDOTE
HERL 7.

3) 01 uM, 1.0 uM @ PAF R TIHHE
WEESED S, 10 oM TIRHEEBRF
FELEDTED SN -t

i 33

MEkAi bz, ABELIAER, @A
KE%ZED ¥ LIcaFERMRKFESRMEYS
BHHERHR, FlESOEARSEE—#E
THEZRERRE, FERFHMORMENFEEST
HIR, EEEMOMRECEBEEAEH B
B, CHERLUIRHBFOBERLE T, K
Y, MMEEED £ L FRFERNE Y E
PESEHRE E AT, EVRERIKFEF RS
BETSEEDFICLOL)BRBOEERLE
T, X O IREENEEELHEEZ LLSFE
BERZ 250 iR B A B 5 (5802, R
HEMEMICER VA LET, BESEARLZE
Rt EF LALZE BEREL, v 27
5 v 7 W% C.Galanos f+, MRFEASEEPLE
AfEf_ gt EESFERIIE—FELCEL
ELEE L B ¥ 4, % B FEMAEESTM
BR[O EARNEE—#EOER
BRALIOFEEERLE T,

ABXOBEEIFECNMBAMEELRS
(1988 & 4 H 7 BMilD, % 64 EHAMEES
Be (91F3A2TEAR) KoTiE2(E

65

EBcyFrbdy 288 (199248H19H
T4—) KBWTHEE LT,

g &5 X M

1) HHER  NEROEM, B HEE  NEFH
— O &R —, 2K, EREHKR R
141 — 144 ~— <, 1983.

2) Rietschel, E.T., Schade, U., Jensen, M., Wolle-
nweber, H.-W., Liideritz, O. and Greisman, S.G. :
Bacterial endotoxins : chemical structure, bio-
logical activity and role in septicaemia. Scand.
J. Infect. Dis. Suppl. 31 : § — 21, 1982.

3) A & MEEE, RBREH  NEROEET
L (U € FA) OFF—LFEREE & EYEHARRE O
e 5—, HMEEE, 44585 — 608, 1989.

4) Ishikawa, Y., Hirata, M., Kirikae, T. and Yos-
hida, M. : LPS-and lipid A-induced local skin
reaction in vivo and tissue factor generation in
vitro. 2 nd. conference of the international endo-
toxin society abstract 121, 1992.

5) Shwartzman, G. . A new phenomenon of local
skin reactivity to B.typhosus culture filtrate.
Proc. Soc. Exp. Biol. Med. 25 : 560 — 561, 1928.

6) Homma,].Y.: The Shwartzman phenomenon
in the mousejapan. J. Exp. Med. 22 : 17 — 22,
1952.

7) Yoshida, M., Hirata, M., Nemoto, N. and Wako,
H. : Skin reaction produced by endotoxins and
lactobacillus in mouse. Japan. J. Exp. Med. 44 :
241 — 248, 1974.

8) EHERE, THAET, MHEEL HFHES v
Frdovrviekdey 2 ilEer/ng s -Ohb
OHBRTOFERE | ERIREROEENED
OFE, F£MERVVRVYYLTRE 174 -
179, 1989.

9) SEHMEE, AHMT, FMEED, BREE TH
—, SHES RERBESC L 2EHAMaE
& FHMaoBRETEEH, K& RE, 11:
609 — 612, 1980.

10) PHEEE, fHHT, fMEED, SHES  AE
RIMAE & MEEE « MER—< 7 ARHEABER
td 3RS —, MK &S ARE, 15: 340 — 348,
1984.

11) FHEEE, AHMfT, MBH#Ed, SHES AE
F#i: DIC & FHMaoMEgE r o v KT 5257 V76
e, Mk &PRE, 16 : 480 — 489, 1985.

12) Hirata, M., Yoshida, M., Tsunoda, N.and Inada,
K. : Endotoxemia and blood coagulation : Pro-
caogulant activity of mouse bone marrow cells,
In : Bacterial endotoxin, chemical biological
and clinical aspects, ed. Homma, J.Y., Kanegas-
aki, S., Liideritz, O.Shiba, T. and Westphal, O. pp
351 — 362, Verlag Chemie., Weinheim, 1984.

13) Galanos, C., Liideritz, O. and Westphal, O. : A
new method for the extraction of R lipopolysac-



66

charides. Eur. J. Biochem. 9 : 245 — 249, 1969.

14) vBREE, UEEERT, Ft K AIEA W
Higth, SHER, BBEH_, TR — AlEf"
*Re ZRBRE OAYIEHICRIZT 7 v VAR
BoBE, E62hOAHEELRENEE
136, 1989.

15) Kawahara, K., Seydel, U., Matsuura, M., Dan-
bara, H,, Rietschel, E.T. and Zéhringer, U..Chem-
ical structure of glycosphingolipids isolated
from Sphingomonas paucimobilis. FEBS LET-
TERS 292 : 107 — 110, 1991.

16) Ishikawa, Y., Kirikae, T., Hirata, M., Yoshida,
M., Haishima, Y., Kondo, S. and Hisatsune, K. :
Local skin response in mice induced by a single
intradermal injection of bacterial lipopolysac-
charide and lipid A. Infect. Immun. 59 : 1954 —
1960, 1991.

1) HHEBB = v Fr+ v v off SFEbER K
B, 56 — 57T ~—, 1981.

18) Kirikae, T. Inada, K., Hirata, M., Yoshida, M.,
Galanos, C. and Liideritz, O. : Hemagglutination
induced by lipopolysaccharides and lipid A.
Microbiol. Immunol. 30 : 269 — 274, 1986.

19) Morrison, D.C. and Kline, L.F. : Activation of
the classical and properdin pathways of comple-
ment by bacterial lipopolysaccharides (LPS).
J. Immunol. 118 : 362 — 368, 1977.

20) Luderitz, T., Brandenburg, K., Seydel, U., Roth,
A, Galanos, C. and Rietschel, E.T. : Structural
and physicochemical requirements of endotox-
ins for the activation of arachidonic acid metab-
olism in mouse peritoneal macrophages in vitro.
Eur. J. Biochem. 179 : 11 — 16, 1989.

21) Schlayer, H.-J., Karck, U., Ganter, U, Hermann,
R. and Decker, K. : Enhancement of neutrophil
adherence to isolated rat liver sinusoidal en-
dothelial cells by supernatants of lipopolysac-
charide-activated monocytes. J Hepatol 5 :
311 — 321, 1987.

22) Imoto, M., Yoshimura, H., Kusumoto, S. and
Shiba, T.: Total synthesis of lipid A, active
principle of bacterial endotoxin. Proc. Japan
Acad. 60 : 285 — 288, 1984.

23) Imoto, M., Yoshimura, H., Yamamoto, M., Shi-
mamoto, T., Kusumoto, S. and Shiba,T. | Chemi-
cal synthesis of phosphorylated tetraacyl di-
saccharide corresponding to a biosynthetic pre-
cursor of lipid A. Tetrahedron Lett 25 . 2667 —
2670, 1984.

24) Yoshida, M., Hirata, M., Inada, K., Tsunoda, N.,
Kirikae, T., Onodera, T., Ishikawa, Y., Shiba, T,
Kusumoto, S., Galanos, C., Liideritz, O., Kondo, S.

HEXHEE 18:51-66, 1993

and Hisatsune, K.:Endotoxic properties of
chemically synthesized lipid A analogs. Micro-
biol. Immunol. 33 : 797 — 810, 1989.

25) Galanos, C., Lehmann, V., Liideritz, O., Riets-
chel, E.T.,, Westphal, O, Brade, H., Brade, L., Fre-
udenberg, M.A., Hansen-Hagge, T., Liideritz, T.,
McKenzie, G., Schade, U.,, Strittmatter, W., Tan-
amoto, K., Zihringer,U., Imoto, M., Yoshimura,
H,, Yamamoto, M., Shimamoto, T., Kusumoto, S.
and Shiba, T. : Endotoxic properties of chemi-
cally synthesized lipid A part structures. Com-
parison of synthetic lipid A precursor and
synthetic analogues with biosynthetic lipid A
precursor and free lipid A. Eur. J. Biochem. 140 :
221 — 227, 1984.

26) Galanos, C., Liideritz, O., Rietschel, E.T., Wes-
tphal, O., Brade, H., Brade, L., Freudenberg, M.A.,
Schade, U,, Imoto, M., Yoshimura, H., Kusumoto,
S. and Shiba,T. : Synthetic and natural Escheri-
chia coli free lipid A express identical endotoxic
activities. Eur. J. Biochem. 148 : 1 —5, 1985.

27) Kotani, S., Takada, H., Tsujimoto, M., Ogawa,
T., Harada, K., Mori, Y., Kawasaki, A., Tanaka,
A., Nagao, S., Tanaka, S.Shiba, T., Kusumoto, S.,
Imoto, M., Yoshimura, H, Yamamoto, M. and
Shimamoto, T.:@Immunobiologically active
lipid A analogs synthesized according to a re-
vised structural model of natural lipid A. Infect.
Immun. 45 : 293 — 296, 1984.

28) Kotani, S., Takada, H., Tsujimoto, M., Ogawa,
T., Takahashi, 1., Ikeda, T., Otsuka, K., Shima-
uchi, H., Kasai, N, Mashimo, ], Nagao, S,
Tanaka, A., Tanaka, S. Harada, K., Nagaki, K.,
Kitamura, H., Shiba, T., Kusumoto, S., Imoto, M.
and Yoshimura, H. ! Synthetic lipid A with en-
dotoxic and related biological activities compa-
rable to those of a natural lipid A from an
Escherichia coli Re-mutant. Infect. Immun. 49 :
225 — 237, 1985.

29) Morrison, D.C.: The case for specific lipopory-
saccharide receptors expressed on mammalian
cells. Microb. Pathog. T : 389 — 398, 1989.

30) SEHBEIE, it (B, HEERT, I — B
ghiE, APER, SHEBB =& v FARBIT R
BRICENE | #3M, QmEREE, HERTHEB
LU TNF EX OB, BIHMBBHEY RV L
THRE, 125 — 129, 1988.

3D EHEEE, THREF, SHES (LPSHBC L3
707y —VbhoDMHBRTFELEOEFTEIC OV
T, WITEBHRY v £y AFREE, 130 — 133,
1990.



