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B AR B A P T LI/ P SR s T M R R e o RS SR RE T B
ERSAOREEIER - BTS2 SRR RABEEE - BREAEHR
(T B R % % M ER % Candida albicans & R R AR RERT
i S B B A 8 1 o S5 4R F I BR B /N AR 8K fiE > ¥R BUN » uric  acid &
creatinine & KIM# aspartate aminotransferase K alanine aminotrans-
ferase TEME B 3e TBA-reactive substances ZEHIAFE » BAIERZERHA
SER B A I AR T R P THRE & i » BB 28:Z lipid peroxidation o #UF
R B RIS (LS £2 0 R RRE T E SRR St > R (EERE
£ A TRAE - TR LIRS o R R H R MR A T A R

ZBEPR

BRI B R AR E - TR T B
e ELREEER - (BEHMBERR & B BRE S T EEBARE -

| EWRREEEERRZERENER
 (free endotoxin) H Cruthley [ % 1 1967 4
BRI o BRI R
BRI R % MR T B M ) R
e o BN B R R EM KRBT A
REERREEYEREEEC o REHHE
Rt AR AIEEE Difco ZAEHEMENR
(cellular endotoxin) HE A BRI & BIZH
ER (B SRR L0 o

| BEMCEYREERIE £ B R R 2
o IEE R R R R
B mEmER > RYEE  BR EM2

BERNKEZBAS » A #EEZEH
HEE > Bl BB REHEE R
RERERRCEES  EBREFIRYIE
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MFHR 75 %

HHEER R | AREERRERKE
B KGR RS BEEER (CPS-4) » &
PRECBLEERS  THBREAFTR KGEFER
Z B o0 o H M A 9 IR M A B L S
Pseudomonas aeruginosa ATCC 27853 »
Klebsiella pneumoniae ATCC 13883 » Ser-
ratia marcescens ATCC 8100 » Proteus vul-
garis ATCC 13315 » Enterobacter cloacae
ATCC 23355 K Staphylococcus aureus
ATCC 25923 &tk - BRMEANFR KBERZ
Bifig R R HEAORTERFTRCO o BRIEARFTRE
NIH #/)N U8 BE 53 B Wistar #R K H B ##
Bk i &t & LDso% B /& 0.26 mg/kg &% 1.6
mg/kg o FEEERNZFRREEE Difco B E.coli

0127 : B 8 ¥ H lipopolysaccharide % &

Westphal /7 BFELE Y o

B Y E 5 . Female ICR&/NHE B K
Wistar kK HB S BIEE & KB .0 B
B FEFYE G & PR R AR K B Hia
H— B HERA  NaREKARZEE
53 AlzE 20-25 g B 250-300 g 2 o /NH B4
AL 4 pg/mouse RN FR @ HEEAE
R EME R AR 4 K BEERHER &
% ¥ #% M Il Bk ¥f Candida albicans 7 W& A&
77 » KEEFEH (2 mg/mouse) B4 1% I8 e i
BB A BUE > R s R A B R e b e
TIFEZBE o KEABA 10 pg/rat A REE
54 4 K2 LA 4 mg/rat KIGEF BRI GE »
4 /INFF 2 LA sodium pentobarbital Jif B £ BX
FeEh Bk AL MR 22 e 75 2 (LA AR o

EngHi e 5B RS I HIE - B8
/NEELL 0.5 ml B 5%glycogen i e 5 7%
4 K /A BFARIRSEEGER » B 5 ml # RPMI
-1640(Gibco : H H % M 109% fetal calf
serum * 100 xg/ml penicilllin & streptomy-
cin » 5u/ml heparine) £ AR TSRS
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% HEMGRREABRERAEELY » &
37°CO,incubator 52 &R B g B iuth &
FHAF i RPMI-1640 » [BERFIIA 0.1 ml &
PBS 1%t 3 R brain heart infusion broth
(BHI ; Difco) ¥ # 3 X Z Candida al-
bicans > FREHEE 2 /INFFE L PBS YRR
#F R Candida albicans # » A methanol K
acetone (1 : 1) BEWREEZ » £ Giemsa’s F¢
BREEL -

LR AR 5B REWERESTRIE © =
£/NE KR 0.5 ml B 5%glycogen A& FE i+ 5t
24 /INEETR 0 BEREE A 5 ml B M-199 (Difco ;
Hyshn 109 FCS » 100 xg/ml penicillin &
streptomycin * 5 u/ml heparin) * & 53 E &
% HEFREFRIRE AT RILF » £ 37°C CO,
incubator 6 /N 12 B 2 B 3 1 3% B8 _E RO A
ff o FHBUARIEWAS M-199 ¥t 3 R (R HifuEL
#11-2%x107 cells/ml) » REBIIA 0.1 ml &
PBS i# ¥ 3 X Z BHI broth (Difco) %% % 3
K Candida albicans » F55%# 15 min £ X
0.1ml R¥H | » 8 HLL Lew's etz dict
HEAWE -

M ERECFEMMALL » BBk &I/
e MFEELEREREEOE RN
aspartate aminotransferase (GOT; EC
2.6.1.1) alanine aminotransferase (GPT;
EC 2.6.1.2) 15" » blood urea nitrogen,
uric acid, creatinine ZE & Kg2s lipid
peroxidation & #llFE1? o

FERIHT - ZEHERLL mean+SD or SE
5, d+SDd #7572 o A Student’s t-test i 5
HEH R R B RO ZIKE - &
P {E<0.05 IR REMABEREER -

w R
SR BAE ) R (E 1) 0 DL

2-4 ug/mouse B N & & (F-END) K& #
N & F (C-END) B R EIE 51 24 /)N
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| B > BIRREE (CPS-4 ; 2 mg/mouse) Z &
e B EVER - EiEEE 8 ug/mouse FF
F-END E#fEZ#HRE C-END HIE o %
% % 16 ug/mouse B F-END 2 C-END é

| 100 f A——d——b—=—=f e |\EEFEC (B3 CPS-4 ZBRANR

i // E (REBLEF o KB A » B 2-16 ug/mouse IHEEH

2 . / (ENT) FERFE/N 1 B CPS-4 MR AL AT4E b
260fo-><Z-0._ ®iH o

g | S A 2 R B B PO 0% 1 R © 1L

= ok © 0.4 mg/kg # F-END » C-END & ENT #&

R KE R T ST 24 /NRFEL 0 B 2 mg/mouse

; 4‘ 8 1;3 CPS-4 FRRRSMEDH ERR » Bk ENT SMEHEE

TR 2 IR EER o #5582 cemitidine (Img/
kg) £ 5 2 /NBRE R PR AS £ B2 1.0 mg/kg
Fig. |.  Protective activity of ICR mice after various HOB - EU%‘KE*BE&?E’JH%VFF@ » FERPR

Dosage (ug/mouse; ip)

doses of free endotoxin (O——-0), enter- FHEA AR o
otoxin (A —A) and cellular endotoxin (@—— FEET R BUER LB RIBRAR (A0 2) © 4 ug/

@) pretreatment, respectively, the pretreat-

ed mice against 2 mg/mouse ip of Escherichia mouse 9 F_END E%EE&;@ 4 RULE#
coli infection. The results were observed for CPS-4 %Z@%Fﬂﬁﬁﬁéﬁ%ﬁ’ﬁz% » HC
a week. Each group consisted of 7 mice. -END gu;ﬁ@@&;ﬁg 8 3(1,‘/{_[: ° ﬁﬁ ENT ﬁ%

Table 1. Protective Activity of Free Endotoxin Pretreated Mice Against Escherichia coli

Infection
Mortality (%)

Immunizing Route of administration (Dosage;mg/kg)
-~ agent Iv(0.4) SC(0.4) IP (0.4) po(1.0)
‘ (0.2)
BRF-END 100.0 100.0 57.1 71.4 28.6 *
- C-END 100.0 100.0 71.4 85.7 42.9

= ENT 100.0 100.0 100.0 100.0 57.1
_Contro! 100.0 100.0 100.0 100.0 100.0

1 24 hrs after the final pretreatment the pretreated mice against 2 mg/mouse ip Escherichia coli infection. the results
Were observed for a week.

Each group consisted of 7 mice.

3' Fisher's exact test: P<0.05.

ubreviation: Free-endotoxin (F-END), cellular-endotoxin (C-END) and enterotoxin (ENT) . Intravascular (IV), subcu-
n*EOUS (SC), intraperitoneal (IP) and per os (PO) administrations.
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Table 2. Protective Activity of Free-En-
dotoxin Pretreated Mice against
Escherichia coli Infection and
Relation to Times of Treatment

Table 3. Effect of In Vitro Candida al-
bicans Phagocytosis of Intraper-
itoneal Leukocytes in Free-En-
dotoxin pretreated mice

Mortality (%)

Pretreated with Candida albicans phagocytosis (%)

Treated with Times of treatment (4 ug/mouse/day: (Mean £ SE)
(4 wg/mouse/times; i.p.) 4 days) Macrophage PMN
4 8 14 F-END 40.2+0.8** 57.5+6.7***
E_END 0.0 0.0 0.0° C-END 31.7+4.0%* 40.0%11.2*
C-END 42.9 0.0* 0.0* ENT 32.5+5.4** 57.0+10.8***
ENT 42.9 85.7 42.9.0 Control 20.5*+4.9 27.5%£2.2
Control 100.0 85.7 100.0 Siginificantly different from cnotrol group (df=8): *<0.05, **

Metnology and abbreaviation see Table | foot note.
Each group consisted of 7 mice.
* Fisher's exact test: p<0.05.

p<0.0l and ***p<0.001.
Ababreviation see Table | foot note.

Table 4. Effect of Leukocyte and Extracellular Bacteria Counts of Free-Endotoxin Pretreated Mice

Against Escherichia Coli Infection

Treated with d+SEd Extracellular Intraperitoneal
(4 ug/mouse/day; Tail’s blood Differential bacteria count leukocytes
4 days) count (mm?) count (%); PMN (x10° (X 10° cells/mouse)
CFU/mouse)
F-END +1,220+968 +36.5+2.6" 93+48 ¢ 8.55+0.87**
C-END +1,760£973 +28.0+2.5 513 %445 5.70%1.28**
ENT —2,160x459 +22.2%5.0 |,063+393 5.95%1.49**
Control + 160542 +24.0%6.7 |,763£275 2.20%+0.03

Significantly different from control group (df=8): *P<0.01 and **P<0.001.

# Mean = SE. Abbreviation see Table | foot note.

TR B P B SR AR o

¥} Candida albicans & & W {F A 15 3
iR o RRERAE/INE L2 HE e E NG e 2 A%
9 I BR 2 7 W B 7 5 ) R RE B R N (p <
0.05-p<0.001)  JiH F-END HH 2 B A
ZIEMEE AR o

BN SREEE/NE F#E%Z CPS-4
PRI 4 /NE% » HESPIE A Mske - M
L R 5 B A A R B RS SR AN SR 4 PR o A
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2 mg/mouse Z CPS-4 FREH/NA R R BE
HOR ER M #E M B B ERE B F-END & C
-END & {21 (5 MERBA G e » THF
-END Z % H% 1 MERATHEHISE BEARE » FHIR
i ENT BRI o Fi I R it 4 M BT Ak e
R e L g 2 0 » F-END K& C-END FJiZ
/NG RECE IR BB RS R 0 ENT 2
i B A B S S R AR BA B - (ELEC RS
EEAEL SR - F-END E#ERE 4 RZ




/N R CPS-4 BRI Z B BRETE 5 28
FAHEARIFRIBH EIEF » AR RFFEEISE 42
KT AL (UE 3) °

B RERTEE/E B H AR
HHE RS B &AL T UNME] 4 A7 HX 0.5 ml ¥
f119% bacterial mucin (Difco)#J 18 /]\EF
heart infusion broth %% B fE e I 5 R B %
HIEC A » SR ¥R F-END R ¥ CPS-4
BRI BRIFBH BRI AL » S HE AR R M
7l Staphylococcus aureus, Serratia mar-
cescens, Enterobacter cloacae, Proteus
vulgaris, Klebsiella penumoniae #} 2 i 1R
i = 22 X % # 1 F » C-END #H F% Enter-
obacter cloacae & Pseudomonas aer-
uginosa #HH B EEE 18 F-END fHZ{E 5%
P ENT#H o

BREANSEHEEERNHFER CPS-4
PRRR 4 /NEFER » HMA L » JIMBR R/
BB 5 Fis » AR C-END #HAMEM
RRYSIEM - {H F-END & ENT fHz 5Bk
Fein/ IR B il FL s A 12 I 2 R BABRAVARAT -
FSE R & R ¥ #8#4H « F-END » C-END &
ENT fHZ B Thae 5 1 7% BUN - uric acid
K creatinine BE G EHHRAHIE (1K 6) - =
Mz 1M GOT RGPTHEMEHB A ERHA

PR Y T LA TS
g
2 &
g ©---0 Control
=, ®—e Tested
) ’ ) 26.0* i )
1 7 14 28 42 56

Day after immunization

Fig. 2. Protective effect of free endotoxin-immunized
i ¢ mice against 2 mg/mouse of Escherichia coli
fo infection (ip) . Each group consisted of 10 ICR
mice. * Figure show the LDso (mg/kg) .

REGE R R R B R R

HH o HRIRIENER AR KGR B R
FFE shiE & B o KRG AR B R R BIBRES lipid
peroxidation Z B E UK 7 i w o HEEHHZ
TBA-reactive substances k& F-END & &
B C-END Z A4} » &R R HEAH < B Re
BEHIRD ©

bl

#

1111}

FERFE M RIERE ST MR 2 B
e/ S A R P R B B o i
Al B £ [F #17 (Enterobacterial  common
antigen) & #% 5 5% 5 P9 A B B o2 St [R) o E A
Fu8) > HAhA Anaerobic corynforms Z #458
8 £ B MR Ao » R0 » MY RIR
FOOR Y 7 [ & 7 » Pseudomonas  aer-
oginosa & Propionibacterium acnes &
HELFERESMEREFER D ZRE
Fes-20 o AT HER » KRR BRIE
R B (R e B NG & % A% B I ER S
Candida albicans FHERES T Z HEFRGM > K
B AR AH B B N R R A B - AEIER R
HZRE  FENRREEEEZBRES.
marceceus * E. coli > K. pneumoniae, P.
vulgaris, P. aeroginosa & S. aureus %2
BRI PR o

R &0 s SRILUEBHRIERFER
k. CPS HRi #8 # & 2 /N B CPS #k ke H
B NERZ RL SR BRE E RIFZ B
HofH % H % % L mitomycin-C,
spectinomycin & polymyxin-B & #1 4 3 iz
HZ R H /NG R BEE SRR R E
HI55 o T B H B/ NA B BREANER
(0.5 mg/mouse) B> K FiRE STt EBHER
R HIEEC RS HIZ 75.0% ° 87.2% * K
37 5% KEE A EE L/ NARZFRCES
BHEERIER & » B polymyxin-B /IR R IE
FHRIHZ 1009%FECFFEML o (HEL CPS-4 PR
LRy I HL B B HE FT ok RE H A (LDso2.5
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O——0O(C): Control group ® — O (F-END): Free endotoxin group
@ - x —@(ENT): Enterotoxin group O- + —O(C-END): Cellular endotoxin aroup

Protective effects of free-or cellular endotoxin and enterotoxin pre-treated mice against heterologous bacteria
infection, respectively. Mice were injected intraperitoneally with 4 zg/mouse/times of toxins for 4 times, 24
hr after the final immunogen pretreatment the pretreated mice were respectively challenged intraperitoneally
with 0.5 ml/mouse of 18 hr HI broth culture (Bactrol disks, Difco) containing 1% bacterial mucin (Difco) into
a mouse of about 25 gm weight (ICR strain) , and death was assessed a week later. Each group consisted of 10
mice.




KA BRI B A B R R TT

Table 5. Hematological Change Caused by Escherichia coli Infection in Free-Endotoxin,
Cellular-Endotoxin and Enterotoxin pre-treated Rats

Treated with Hematocrit (%)

(10 ug/rat/times)

WBC (mm®) Platelets (mm?®)

F-END* 44.0%1.79 6,740 +2.360° 381,000%50,800°
C-END 40.6+2.65" 5,340%2,660 280,000%37,700
ENT 43.2%+1.33 5,000% 1,900 378,000£62,700°
None (Infected) 43.6%+5.04 3,140£605 204,000%57,600
Control (Buffered 42.4%+1.95 9,880+£ 1,430 343,400%49,300

saline)

Each datum is expressed as Mean£SD. Significantly different from None (Infected) group (df=8): *p<0.05 and ®p<

0.01.
Abbreviation see Table | foot note.

Table §. Effects of Free-Endotoxin, Cellular Endotoxin and Enterotoxin on Renal and
Hepatic Functions in Rats Against Escherichia coli Infection

pretreated with (10 xg/rat/times; 4 times)

Control
N None
F-END C-END ENT . (Buffered
(infected) )

saline)

BUN (mg/dl) 25.5+5.4* 24.1£8.0 32.6%£3.2 38.9%+10.8° 13.0%£1.2
Uric acid (mg/dl) 2.80£0.51% 2.08+0.04° 2.26+0.25° 4.50%+0.60° 3.00+1.50
Creatinine (mg/d 1) 0.84%0.17 1.02%0.22 0.84%0.15 |.00£0.14 0.80%0.20
Serum-GOT (u/ml) 83.5+2.8° 88.4+10.7% 75.1+11.1° 131.1+13.9¢ 79.7%10.6

Serum-GPT (u/ml) 32.9+1.5%  30.3%3.7" 42.2+8.7°¢ 127.8%=14.2 16.8%1.2

# Each datun is expressed as mean=SD. Significantly different from None (infected) group (df=8), a p<0.0l and b
P<0.00!; and from control (buffered saline) group (df=8), ¢ p<0.0l and d p<0.00I.

*Abbreviation see Table | foot note.

mg/kg) 6 B ERIHRE » 3 LD 5 5l 23.5
mg/kg » 16.9 mg/kg & 35.9 mg/kg f& R
ek E > B HEML (23,5 mg/kg) * MHE
B R 2 BRI S 2 BT A R E AR AT
RN B R S EERES BEERYIAM
1% o BUIBHIE N R R/ B B R RS
WEL 2 M > RE TR RIERE N ZIRE
b » TTREMZ H AP S W) o

KIS 2 B SR A RN g5
/N B AT B - A - FIERE
R /N B2 R » AL BR B R A L2 98

s RAFEThRES BRERIEE? o Peavy&
fairchild KZ#eE » AERPEZNARK
Ao iR B g B & /LG (Lipid peroxidase)
2 2 (2 e » #1% NPSH & & Superox-
idase dismutase JEME@29 » NERIFG{THE
If13#% total lipid » lipoprotein KAT triglycer-
ide 2 BRECO A BT cytochrome p-450 HE1E
% hepatic microsomal drug Z X ## i %
8561-32) o GESR Deitch KCVEH % » KIGRE
026 : 136 2% 011 : 134 NEFMESL RIES
/N B2 B R 5 5 A A B Rk A R R
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Table 7. The Effect of Free-Endotoxin, Cellular Endotoxin and Enterotoxin Pre-treat.-
ment on Lipid Peroxidation in Rats Against Escherichia Coli In-fection

Treated with
(10 #g/rat/times; 4Heart Spleen Kid-

TBA-reactive substances (n mole/mg protein/ml; X |0-4)

times) ney Liver

F-END* 0.597+0.125 *°¢ 0.780+0.118  2.518+0.499°  2.302+0.630°
C-END 0.693+0.124°  0.709+0.089"  1.605+0.270° 3.]38+0.482
ENT 0.825+0.086° 0.829+0.321*  1.902+0.5/5¢ 2.45] +0.|84%
None (infected) 1.483+0.302¢  1.364+0.121  2.22140.221°  3.613%0.767
c |

O o R T e e O o sao 4l 00 (72 3.381+0.703

saline)

# Each datunis expressed as Mean=SD. Significantly different fron None (infected) group (df=8), ap<0.05,b P<0.
01 and ¢ p<0.001; and from control (buffered saline) group (df=8), d p<0.05 and e P<0.001 .

* Addreviation see Table | foot note.

& B TREKI B KPS B2 & & 185 & xanthine
oxidase IEMEZINHISAIEILHE R B
HASREHR IR R MR R T E 2%
TEARA B A TR IR RS | DRSS - BN
FMERELR H B H hepatic  sulfhydryls &

metalothioneins & & B BE$E /5 » K glutath-

ione associated enzyme {EEZ(EHE » HE
HERBERCBRSERR 8 EETE
fif o SR B8 RH SRR ECY B et
PRIV » RAFIIRES o SRR
PR EEHENE IR R R RIS RE B B
MR Gt » HBHE £ A FRRRE & (R AT
BRI » R H BN R i B R
KNFEREERES » R E FAEN R E
HIRER > FE[EIE B HSRSN AHT B 2 g o

#
ES Cd s iR E RPN B

B 9 73 4 & H E # B (NSC 74-0412-B 038-
10) » FEBUEHZ L ©
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Effect of Free-Endotoxin of Escherichia coli on
Protective Activity against Bacterial Infection

CHENG'(:HUANG TSENG

ABSTRACT

Intraperitoneal injection of free endotoxin of Escherichia coli in mice could promote protective
activity against the pathogenic bacterial lethal infection, and the duration of action sustained long time
was noted. The protective action was affected by the injection route and times of free endotoxin ad-
ministered.

Free endotoxin in vitro distinct enhancement of the phagocytosis of peritoneal macrophage and
polymorphonuclear leukocyte against Candida albicans. When bacterial infected, significant increased
peritoneal leukocyte number in mice was noted but the number of extracellular bocteria was decreased
remarkably.

From a view of the numbers of leukocyte and platelete, the amounts of serum BUN, uric acid and
creatinine, the activities of serum GOT and GPT and the lipid peroxidation of organs. We found that free
endotoxin could protect hepatic and renal functions against bacteria infection in rats as well as
decrease the level of TBA-reactive substances in organs.

Escherichia coli cellular endotoxin was similar in protective activity to that of free endotoxin, but

less effective, whereas its enterotoxin exhibited no brotective activity against bacterial infection.

Key words:  Free endotoxin, Escherichia coli, bacterial infection, Hepatic function.

Department of Microbiology and Immunology, Taipei Medical College, Taipei, R.0.C.
Received for publication: March 12,1990.

69




