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Differential Induction of Septic Shock by Lipopolysacchrides from E. coli and S. abortus
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Abstract — Acute septic shock is one of inflammatory diseases mediated by pro-inflammatory cytokines such as tumor
necrosis factor (TNF)-a. In this study, we examined the pathological difference and mechanism of lipopolysaccharides iso-
lated from E. coli (E-LPS) or S. abortus (S-LPS) on inducing acute septic shock in ICR mouse. All mice were died by intra-
peritoneal treatment of S-LPS with 0.75 mg/kg, whereas E-LPS treated with even 3 mg/kg only showed 30% of mice lethal,
indicating that S-LPS may be more feasible in triggering a strong septic shock condition. The secretion pattern of TNF-q,
a critical pro-inflammatory cytokine in septic shock condition, was also distinct between E-LPS- and S-LPS-treated groups.
Thus, S-LPS strikingly increased serum level of TNF-o (6 ng/m/) at 1 h, while E-LPS just displayed at 2 ng/m/ level. How-
ever, the interaction of S-LPS with LPS receptor, toll like receptor (TLR)-4, was not stronger than that of E-LPS, according
to experiments with macrophage cell line RAW264.7 cells. Thus, E-LPS rather than S-LPS strongly enhanced the pro-
duction of TNF-a. Interestingly, S-LPS more strongly up-regulated splenocyte proliferation, compared to E-LPS group,
whereas there was no difference between S- or E-LPS treated groups in proliferation of Balb/c- or C57BL/6-originated
splenic lymphocytes. Therefore, our data suggest that S-LPS is a more active endotoxin and that the strong septic shock-
inducing effect of S-LPS seems due to the enhancement of early TNF-a production and S-LPS-sensitive lymphocyte pro-
liferation.
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Pentoxifylline(PTX), prednisolone, L-cycloserine, E. coli
(0111:B4)+2ll LPS(E-LPS), S. abortus equi -2 LPS(S-LPS),
concanavalin A W MTT(3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide)= Sigma(USA)ZRE] Fjslo] AF
£330, leflunomide FEHQ1 A77,17262 o312k A
Feoll gdEl 712 0]83)59tt. Murine macrophage cell line
2l RAW264.7 Al¥= ATCCUSAYR H-E] 9lste] Ahsiict.
e M ZujA] ALE-E RPMI 1640 2 fetal bovine serum
(FBS)2 GibcorHUSA)ZHE T3t3itt, 119] ARE-® BEA]
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(Molecular Devices, US.AYS ARSI

TNF-a B2
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AY LPSE H7ol Foist &, 2 AzPEE Ald ¥, 947e
£ 58 48 4ok g3z e TNFad %2 TNF-o
ELISA kitE o]-&3to] A3 th TNF-a & %2 mouse
TNF-a. ELISA kitE o]-8-3to] A&Fsgith. TNF-a2] 235l
£ 5pgml °]31%.2 ™ standard TNF-ool thdt &9 2
2 0.99 ool

In vitro ] —Murine macrophage cell line?] RAW264.7 Al
3EE penicillin(100 TU/ml) 2! streptomycin(100 pg/ml)#} 5%2)
FBSE 3-4-31= RPMI 1640 u]A2 o] &304 1x10° cel/m/s
ZA% £, 24 well plated] FE3t, 5% CO, 2 37°CollA] 18
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Sanchez Crespo 18§ Brucella abortus X Brucella
melitensiso] A -+ E smooth LPS U lipid A7} E. coli #-2
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Ao zZHe fEld dsisl 32 By Edso] HEsA
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Septic shock model{M E-LPS ¥ S-LPSe| 4% x|A} 2}

S. abortuselA FEE ZFzke] LPSE A7 2 0.75%€ 3mg
A(E-LPS) -2 0.19 5-€] 0.75 mg? (S-LPS) ICRY] &7 £
ARslaL ettt Uisael 23 Al FE AREREHE 393
#E3E3ch Table o4 BofA] %, S-LPSE 0.75 mgel A< 6
nlg] B57} 24A)7F Qo) AFREEIC ™, 0.375 mgs 4847k <k
of 18] 0.19 mgd 76X13t 50%F AT Z1 o0& ek
woh 8o E-LPSE 15 %(3 mg/mouse)lA 67t & 2 v}
ZRES ARMZE B T 0)9] FToAE A ICR AF 9] 4
g0l JES v)AA] it # A9z £ u, S-.LPSE E-LPS
Bt} o e A 8 WEAE AlsET 513838 ol
A} 242 ICR AF A F3lo] B&HH, C6BL6 X
Balb/CollA= 85/ & dAde] dA3] FAAHN] HEo
(data not shown), & 13 Zjo|7} LA AER ] A3 FAE
< @7] 3 ICR AFAE o]&3t A& APS AWt

47 mofiM E-LPS & S-LPSO| 2|8t TNF-a 24| E2t
A E-LPS$ S-LPSZe] 315 A} 2 &} APlE

Table I - Effect of E-LPS or S-LPS on the septic shock-mediated
mouse lethality

Lethality (death/total)

Day E-LPS (mg/mouse) S-LPS (mg/mouse)
0.75 15 3 0.1875 0375 0.75
0 0/6 0/6 0/6 0/6 0/6 0/6
1 0/6 0/6 2/6 2/6 2/6 6/6
2 0/6 0/6 0/4 1/4 4/4
3 0/6 0/6 0/4 073
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Fig. 1 - The serum level of TNF-a in E-LPS or S-LPS-treated ICR
mice. Fasted mice [(A) ICR and (B) C57BL/6 mice] were
intraperitoneal injected with E-LPS or S-LPS (1 mg/kg).
After indicated times (ICR mouse) or 1 h (C57BL/6), blood
was collected and serum samples were used to measure
TNF-q levels by an ELISA kit. Data are expressed as the
mean=S.D. of 6 animals. **p<0.01 represents significant
difference compared to the same time point between S-
LPS and E-LPS groups.

gab7] Y9, ALY &2 F2 9l 2242 42zl TNF-of
U B EE 54 sEE 1] o] LPSel 3 #
SE7E stolste] Byttt Fo)EAE, Fig. 1A= E-LPS9} S-
LPS7te] TNF-a #H] AE7} tha zleo|7F U Qe BolF
T 9tk &, @3] TNF-o H|FO 24, S-LPSE ¢ 6 ng/ml
AEE, E-LPS 53 ng/mle] AEE #u|¢ ZAoF Yept S-
LPSollA T8 B %ko] TNF-or} Hu]8 2102 sHEgie},
E13], 7 LPS7Hll= AR T8 0134 JEE Ho] Ut
£, S-LPS= FH a1 #ujgo] ghrZielA], E-LPSe= 1AI7E 3040
A Z}2F FAE I 3 Az A 2] TNF-o EH %S F
LPS3tel] 5518t 2ol RojFglom, S-LPSAlA 4] A= =
< 6 ngmiE YERAH iAo, 5 LPS 153l HEFE &
A1) QleIA] #-2]FQ) zlolE HolX| it C57BL/6 87
A, 5 LPS Aol 93t TNF-a EBAES FAMElo] Fig. 1B
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Fig. 2 — The effect of E-LPS or S-LPS on the production of TNF-a
and NO from RAW264.7 cells. RAW264.7 cells (1x10°
cells/ml) were stimulated by indicated concentrations of E-
LPS or S-LPS for 6 h [(A) TNF-a production] or 24 h [(B)
NO production]. Culture supernatants were then collected
to determine the level of TNF-o, or NO by an ELISA or a
Griess assay as described in Materials and Methods. Data
are expressed as the mean*SD. (n=5). **p<0.01
represents significant difference compared to the same
concentration point between S-LPS and E-LPS groups.
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Agksto] HE 5812 toll like receptor(TLR)-4°ll A sHe
Aoz gpix Yok 543 A AedD A F TLR-4]
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271014 Fejzl S-LPSel| 23t TNF-a 4] a7} T3]
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A|SZE o] &3le] NO 44 W TNF-a #4] LS H|wslo] B
okch. Fig. 2014 g1 4= 91%0], F LPSTel thaAZ vk
e HEFA 2 Avels dolst @ B3lch = TNF-
a®] 7%, S-LPS= E-LPSETH 5YU FZolA W2 TNF-a 2
AREE Bglon, o]gh 72 A NO AAEANME FA
A ERIEIT) & BAIA 02 foloelx] Xl AL
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A B A7 u)Fo] B of, 2] GHEF RAW264.7 HZe]|
9] LPS &< S-LPSETh= E-LPS7} o] Hojd Rz &
=itk o= ICR A9 £ A 5 fdk=s S-LPS
7} 7¥A= 84 TLR-47Y8) A3 2-golA 7]0e Zo] o1,
1 9] tRE 21el A% &t de-S AR sl AUl
=g BNt AF7F 2= LPSe] B 9l dk s o}
Z2 LPS 58AE o] 85 WM E e vheA el i
Wl Lole] AsA-E So] LPSl o3t i8S f5A] 72 &
AER mHEch & Ars did A7 dlelx] 2t LPSTE] AW
g xlo]d @A ICR AF M) &xFE sfidehks Zlo] o
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4 il B AREE FHEoR e oFolth T o
zok2z AME pentoxifyllin 2 prednisolone ©)A¢] B!
& nje} o] Ziz} 263 W 49 uMe] IC,, FXIE RolHA] TNF-
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Fig. 3 — The effect of E-LPS or S-LPS on the proliferation of splenic
lymphocytes prepared from ICR (A), Balb/C (B) and
C57BL/6 (C). Splenocytes (5x 105 cells/mf) were stimulated
by indicated concentrations of E-LPS or S-LPS for 48 h.
The extent of splenocyte proliferation was assessed
by MTT assay as described in Materials and Methods.
Data are expressed as the mean+S.D. (n=5). *p<0.05
and **p<0.01 represent significant difference compared to
the same concentration point between S-LPS and E-LPS

groups.

AeR=AE #Rlsk7] 914, u)F splenocyteZ €] E-LPS ¥ S-
LPSe] ¥k&-3+ NO wH] &7 Ikt Fig. 40l4] &elet
& 9I5o), vl A E2HE LPSel <3 NO #4] A==
T LPSHl & Aol& Hox] ofgitt. ol ICR AF|lMe] E-
LPSS} S-LPS Aoli= th2lA|aEe] EAellx 7|1 Zo] op izt
= 2& Arksteta shalch

2d
=

r

ICR AHE o183 AITA & 2lold T 18 13+

J. Pharm. Soc. Korea



S. abortus Fr& LPS S} E. coli 52 LPS®l st sjgdZ4d

% {5 24 vl 49

Agold FealE WEAE-LPS W S-LPS)E o] g3l ez
friel] ost Ak 11 71 vlaREled, ohee B2 d
E2S 93l 1) S-LPS= E-LPS 2o} ICR AANA 2 XA}
& A= zﬂ—% 1otk 2) o]5 2h8-2 E-LPSHT}) Al&sia B
t} & 32 TNF-a #0) FX0 23t 2102 sy}, &
3t 3) S-LPS= E-LPS®E.th ICR 47 & splenocyte 24-E]
LPS-YIZH lymphocyte 5418 ©lS FZ1Rch 184 o) &
AIR= 4) ICR A7) 3 splenocytell] EAeh= ti2lAEe] &
Aol 711sHA = 2 R oz ALZEITY o]ofE, T LPS
ol HolE zolAE B} Jge] olalishr] Hsir, 1) TNF-
a °]9) B A)EFRI(L-1a D IL-6 5) 24| &3}, 2) S-LPS
2] ICR A5 ulellA 9] 2AlFe] ¥ 3) LPSZA B cell #7
24 vl A3 Fo] F7HE SR 1FgE oFelrt.

[o]

INEE
2 AT SR EAR AP 247094121 (2004-C00150]
o8] +YHNODZ, oo FATAL. FEARE Asya)

1) Hewett, J. A. and Roth, R. A. : Hepatic and extrahepatic
pathology of bacterial lipopolysaccharides. Pharmacol. Rev. 45,
381 (1993).

2) Vadas, M. A. and Gamble, J. R. : Regulation of the adhesion of
neutrophils to endothelium. Biochem. Pharmacol. 40, 1683
(1990).

3) Salyer, ]J. L., Bohnsack, J. E, Knape, W. A., Shigeoka, A. O,
Ashwood, E. R. and Hill, H. R. : Mechanisms of tumor
necrosis factor-alpha alteration of PMN adhesion and
migration. Am. J. Pathol. 136, 831 (1990).

4) Bautista, A. P, Schuler, A., Spolarics, Z. and Spitzer, J. ]. :
Tumor necrosis factor-alpha stimulates superoxide generation
by perfused rat liver and kupffer cells. Am. J. Physiol. 261,
G891 (1991).

5) Hewett, J. A. and Roth, R. A. : The coagulation system, but not
circulating fibrinogen, contributes to liver injury from gram-
negative bacterial endotoxin (LPS). Toxicologist 12, 65 (1992).

6) Yamaguchi, Y., Yamaguchi, K., Babb, J. L. and Gans, H. : Iz vive
quantitation of the rat liver's ability to eliminate endotoxin
from portal vein blood. J. Reticuloendothel. Soc. 32, 409 (1982).

7) Freudenberg, M. A. and Galanos, C. : Tumor necrosis factor
alpha mediates lethal activity of killed gram-negative and
gram-positive bacteria in D-Galactosamine-treated mice.
Infect. Immun. 59, 2110 (1991).

Vol. 51, No. 1, 2007

8) Stone, R. : Search for sepsis drugs goes on despite past
failures. Science 264, 365 (1994).

9) Zentella, A.,, Manogue, K. and Cerami, A. : The role of
cachectin/TNF-alpha and other cytokines in sepsis. Prog. Clin.
Biol. Res. 367, 9 (1991).

10) Beutler, B. B. : Timor Necrosis Factors: The molecules and
their emerging role in medicine. Raven press, New York
(1992).

11) Cho, J. Y, Park, J. S., Baik, K. U,, Lee, J. G., Kim, H. B, Yoo,
E. S. and Park, M. H. : Differential effect of phosphodiesterase
IV inhibitor RP73401 on various inflammatory and immune
responses relevant to rheumatoid arthritis. Pharmacol. Res.
49, 423 (2004).

12) Ogura, S., Umegaki, O., Genovese, E, Fernando, L. P,
Cochran, J. B, Romeo, C. M. and Cook, J. A. : Protective effect
of tyrphostin AG-556 on shock induced by endotoxin or
grampositive bacteria. Shock 12, 105 (1999).

13) Cho, J. Y, Yeon, J. D., Kim, J. Y., Yoo, E. S., Yu, Y. H. and Park,
M. H. : Hepatoprotection by human epidermal growth factor
(hEGF) against experimental hepatitis induced by D-
galactosamine (D-galN) or D-GalN/lipopolysaccharide. Biol.
Pharm. Bull. 23, 1243 (2000).

14) Cho, J. Y., Baik, K. U,, Jung, J. H. and Park, M. H. : In vitro
anti-inflammatory effects of cynaropicrin, a sesquiterpene
lactone, from Saussurea lappa. Eur. ]J. Pharmacol. 398, 399
(2000).

15) Kumagai, T., Tkezoe, T., Gui, D., O'Kelly, J., Tong, X. J., Cohen,
E ], Said, J. W. and Koeffler, H. P. : RWJ-241947 (MCC-555),
a unique peroxisome proliferator-activated receptor-
gammaligand with antitumor activity against human prostate
cancer i vitro and inbeige/nude/X-linked immunodeficient
mice and enhancement of apoptosis inmyeloma cells induced
by arsenic trioxide. Clin. Cancer Res. 10, 1508 (2004).

16) Hwang, Y. H,, Park, B. K,, Lim, J. H., Kim, M. S., Park, S. C.,
Hwang, M. H. and Yun, H. L : Lipopolysaccharide-binding and
neutralizing activities of surfactin C inexperimental models of
septic shock. Eur J. Pharmacol. 556, 166 (2006).

17) Kang, Y.],, Seo, S. J., Yun-Choi, H. S., Lee, D. H., Kim, Y, M.
and Chang, K. C. : A synthetic isoquinoline alkaloid, 1-(beta-
naphthylmethyl)-6,7-dihydroxy-1,2,3,4-tetrahydroisoquinoline
(YS 51), reduces inducible nitric oxide synthase expression
and improves survival in arodent model of endotoxic shock. /.
Pharmacol. Exp. Ther. 301, 561 (2002).

18) Kakutani, M., Takeuchi, K., Waga, I,
Wakitani, K. : JTE-607, a novel inflammatory cytokine
synthesis inhibitor without immunosuppression, protects from
endotoxin shock in mice. Inflamm. Res. 48, 461 (1999).

19) Lopez-Urrutia, L., Alonso, A., Nieto, M. L., Bayon, Y., Orduna,
A. and Sanchez Crespo, M. : Lipopolysaccharides of Brucella

Iwamura, H. and



R
2
]

50

o
(¢3
).

abortus and Brucella melitensis induce nitric oxide synthesis in
rat peritoneal macrophages. Infect. Immun. 68, 1740 (2000).

20) Ly, J. Y, Sadri, N. and Schneider, R. J. : Endotoxic shock in
AUF1 knockout mice mediated by failure to degrade
proinflammatory cytokine mRNAs. Genes Dev. 20, 3174
(2006).

21) Richer, M. J., Fang, D., Shanina, I. and Horwitz, M. S. :
Toll-like receptor 4-induced cytokine production circumvents
protection conferred by TGF-beta in coxsackie virus-mediated
autoimmune myocarditis. Clin. Immunol. 121, 339 (2006).

22) Nagai, Y., Akashi, S. Nagafuku, M., Ogata, M., Iwakura,
Y., Akira, S., Kitamura, T., Kosugi, A., Kimoto, M. and Miyake,

K. : Essential role of MD-2 in LPS responsiveness and TLR4
distribution. Nat. Immunol. 3, 667 (2002).

23) Moulin, E, Copple, B. L., Ganey, P E. and Roth, R. A. : Hepatic
and extrahepatic factors critical for liver injury during
lipopolysaccharide exposure. Am. J. Physiol. Gastrointest. Liver
Physiol. 281, G1423 (2001).

24) Nakamura, A., Mori, Y., Hagiwara, K., Suzuki, T., Sakakibara,
T, Kikuchi, T, Igarashi, T, Ebina, M., Abe, T., Miyazaki, J.,
Takai, T. and Nukiwa, T. : Increased susceptibility to LPS-
induced endotoxin shock in secretory leukoprotease inhibitor
(SLPD-deficient mice. J. Exp. Med. 197, 669 (2003).

J. Pharm. Soc. Korea



