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Abstract : In the present study, we investigated the neutralization activity of various antimicrobials
against lipopolysaccharide (LPS) as well as interaction between two antimicrobials (enrofloxacin and col-
istin) using checkerboard method. The neutralization activity of antimicrobials used in the test was as-
sayed by means of LAL chromogenic test after reaction of LPS with colistin, enorfloxacin, ampicillin, po-
lymyxin B, oxytetracycline, streptomycin, and erythromycin. As the results, the neutralization activity of
colistin and polymixin B had a more stronger than that of tested other antimicrobials. In bacterial culture
broth, the best neutralization activity of the antibiotics was also shown to colistin and polymixin B.
Meanwhile, It was shown to have synergism between enorfloxacin and colistin on the basis of FIC
(fractional inhibition concentration). The FIC of enorfloxacin-colistin combinations was 0.50-1.03 to Sta-
phylococcus aureus R-209, 1.03-1.06 to Salmonella typhimurium, 0.75-1.25 to Bordetella Bronchiseptica
and 1.02-1.25 to E. coli K88ab. On the basis of the above results, the present study may be of clinical
usefulness in the choice of an antibiotic therapy for severe sepsis in animals.
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A&l AFS-3F SFEA-E  enrofloxacin, colistin,
streptomycin, ampicillin, erythromycin, streptomycin,
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Pre-equilibrate the microplate at 37 T
i
Carefully dispense 50 # of sample or standard into microplate well
!
The blank wells contain 50 #¢ of LAL Regent Water instead of sample

!
At time T=0, add 50 4 of LAL

!
At T=10 min, add 100 #¢ of substrate solution (prewarmed to 37 C)

|
At T=16 min, add 50 #¢ of stop reagent

i

Read the absorbance at 405 nm

Fig. 1. Procedure of LAL (Limulus Amebocyte Lysate) test for
quantification of LPS.
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Subculture organisms onto appropriate agar medium

Adjust to 10°CFU/ml as inoculum
|
Combine 60 #¢ inoculum into 50 4#{ concnetrated broth (x4)
with two-fold serial dilution of two antibiotics (each 50 «f) in
saline
in 96-well microplate

|
Incubate for 20 hr at 37 C while putting in the humid chamber

I

Observe and record MIC and calculate FIC index :

FIC index of < 0.5 : synergism
FIC index of > 0.5 to 2 : indifference
FIC index of > 2 : antagonisa

Fig. 2. Procedure of Checkerboard method to determine an-
tibacterial activity between two antibacterials on the basis of FIC
(fractional inhibition concentration).
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Fig. 3. Standard curve of endotoxin using chromogenic LAL test
(Y=1.39x+0.169, 1=0.97).
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Table 1. The neutralization activity of various antimicrobials
against E. coli LPS using chromogenic LAL test

Table 2. Secretion of LPS from E. coli K88ab before and after ex-
posure of antibiotics

Mean (SD) Percentage of
Antimicrobials Conc. LPS amount of LPS LPS-antibiotics
(ug/ml) (EU/ml) detected (EU/ml) binding (%)

Control 5 2 1.74+0.23 13.0
Colistin S 2 0.27+0.14 86.5
Enrofloxacin 5 2 1.69+0.42 15.5
Ampicillin 5 2 1.761+0.34 12.0
Polymixin B 5 2 0231011 88.5
Oxytetracycline 5 2 1.67+0.43 16.5
Streptomycin 5 2 1.0710.11 46.5
Erythromycin 5 2 1.69+0.54 15.5

LPS7} a5 AAHAH o2 whg-§& Al E Ao}
27| 3t AgE AR ZF-E Table 20 893}
9itt. Table 20|+ #E7]3F ZAx& E. coli K88abell4]
Al o 2 uhAlE]| = LPSe) ke 36.69 EU/mlo]At}.
22} colistin® #5-7F vk-2-4] 28.16 EU/mlE BHS-
Z1 o] LPS9] ¢k3} v]wA] 133.76 EU/mle] &<} 2
3t 718 o 4= glgdt}l. = colistin 1 ug/mle] 2.62
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ohe AME o olsdeh 919 Agelld o 4 9%
o) AP FFEAF TRl D2} LPSS] Fohee 4
©9gt 2o & 1011"7—9&11} Colistin®} polymixin B7} 7}
zo]. }._0_ %5‘ o] o
tomycin< EHJ_-']LQI» vl A] LPSe| HEulgke] 56.60
EU/mls} 357 EU/mlZ LPS2] ¥u]& JAg& no]
Fleh.

Colistin-2- ¢Fo]-2-& == peptide )52 24| A7
o) Alx el 2835w FAhg-S el g EA
2 58 A Mz A2 F7t =R e A
o 2 deizxdgic). o]el&l colistin®] Al A AT
Al E2-g FAEAL ol LPSe| 73 A S sk Aol

71els} =l LPSE 3}3}=xlel AAalo] o]0 @ 1A]
H o] colistin?} 7}gk AZ-S 3l A o2 B aEe] g)
CH(Warren =, 1985). o|2}aF AP Z3E] whe A AMF
qg WHekE EAE Aol ApgakRiA el
LPSE Hu]3l= & colistin®} &%) En|xl LPS
o} Agtsle] LPSE opr|=&= Xﬂ‘/H He|@aks st
Z 9le ZleF AlgFci(Jan £ 1994). Warren
(1985)& colisting o] 8-3fe] LPSe] 23 @ AL
Agstdeh. 15 LPS 2,590 pg/mls 50%<] A5k
colistin®] “xX+ 500 ug/ml 2 34 ka2 2 o 52:
1o]2} R3ledct. =8k 1,360 ug/mle] LPS2| 50% <
A FE= colistin®] FEE 350 ng/ml2 ek A
2% 3912 Hyushgdr) o5& LPSe &xupule
AgtslA] ke colisting- v AESAub o2 &3]3}

ofrt m°‘

Antimicrobials Conc. Before After Secretion
(ug/ml) (EU/m)  (EU/m)) (ug/ml)
Control 50 177.27 216.96+18.81 36.69+18.82
Colistin 50 161.92 28.16+0.90 -133.76+0.90
Enrofloxacin 50 156.81 306.39+9.59 149.58+9.60
Ampicillin 50 177.27 306.07+8.03 128.80+8.04
Polymixin B 50 16432  16.34+0.77 -147.98+0.77
Oxytetracycline 50 168.45 303.19£5.70 134.74+5.70
Erythromycin 50 177.27 233.87+1039 56.60+10.39
Streptomycin 50 167.23 170.80%+4.93 3.57+1.93

o]
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ZAgn|g2| o] LPSe} A2 5% vE-gol
o)&t Axlg AzbEle wEl Z2ulglo] Abo| gk Ao
A Bl EEE Aoz A=) e z%xﬂzw 73 &k
2 colistin® LPSe]| Az o7 Ailsl= 718 o 5
7} ¢Jelom, o]eigt Agred & colistin?] °o“°l%9] ~J
A5k LPSS| gol& Aol o3 Aoz dws] we
vlese 2 zbygl: o s vlehytch(Heather 5

[N L0y S g
1994). Ampicillin, enrofloxacin®} oxytetracycline-2-
Table 2o QoFgh ZXT Aldg FolHr] w2k

LPS7} Aol A #vls = AMES geldt 4 gl
kA, streptomycin-2 Aol Hv]E = LPSe] <)ol
oFe] bt Mo Abeds] A -2wks #ulskgict o]zgh
A2 o] A= LPSef A& Aoz Aslslr] v}
= A2 protein®] A& o A|ste] LPSe| AAS
A s= 7o Aty y, rRAFoF [ PSelr =
Al 285 sl o=z AzbE|glch(Wolfsony}
Hopper, 1985).

2. Enrofloxacin} colistin2| ArS %2

g AR S Zh3g)i= enrofloxacin} gke] Alg]
3l colisting A3 Fyol| 4] H
= oup= A3 A4S checkerboard W 07
Fref s A A Al el eH3te] AE-S 3kl vh(Dianes}
Michael, 1996). 734+ P. multocida type A, E.
coli K88ab, S. aureus R-209, S. typhimuriumz} B.
brochisepticadl| W&to] 5 Ao AF3 kg A3
FIC Index& o)4-3}o] g=3}oic). 1 HA3}E Table 3,
4,5, 6, 79 foFslgict. P. multocida type A—°4 A&
TFFZ FICZHS 1.000]4 15008 A}7} 3-8 270414



Table 3. The combination test of colistin and enrofloxacin against P. multocida type A
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Alone Combination Ratio
— —— FIC index
colistin enrofloxacin colistin enrofloxacin colistin (1:) enrofloxacin (1:)
39 0.078 1.95 0.039 1.00 0.02 50.00
39 0.078 1.95 0.078 1.50 0.04 25.00
39 0.078 0.97 0.078 1.25 0.08 12.44
39 0.078 0.49 0.078 1.12 0.16 6.24
39 0.078 0.24 0.078 1.06 0.32 3.10
Table 4. The combination test of colistin and enrofloxacin against E. coli K88ab
Alone Combination . Ratio
. — FIC index
colistin enrofloxacin colistin enrofloxacin colistin (1:) enrofloxacin (1:)
125 0.156 31.25 0.156 1.25 0.0050 200.32
125 0.156 15.62 0.156 1.12 0.01 100.13
125 0.156 7.81 0.156 1.06 0.02 50.06
125 0.156 39 0.156 1.03 0.04 25.00
125 0.156 1.95 0.156 1.02 0.08 12.50
Table 5. The combination test of colistin and enrofloxacin against S. aureus R-209
Alone Combination Ratio
— FIC index -
colistin enrofloxacin colistin enrofloxacin colistin (1:) enrofloxacin (1:)
125 0.312 31.25 0.078 0.50 0.0025 400.64
125 0312 15.62 0.156 0.62 0.01 100.13
125 0.312 15.62 0.312 1.12 0.02 50.06
125 0.312 7.81 0.312 1.06 0.04 25.03
125 0.312 39 0.312 1.03 0.08 12.50
Table 6. The combination test of colistin and enrofloxacin against S. typhimurium
Alone Combination Ratio
FIC index
colistin enrofloxacin colistin enrofloxacin colistin (1:) enrofloxacin (1:)
125 0.312 15.62 0312 1.12 0.02 50.06
125 0.312 15.62 0.312 1.12 0.02 50.06
125 0.312 7.81 0312 1.06 0.04 25.03
125 0.312 7.81 0312 1.06 0.04 25.03
125 0.312 39 0.312 1.03 0.08 12.50
Table 7. The combination test of colistin and enrofloxacin against B. bronchiseptica
Alone Combination ) Ratio
FIC index
colistin enrofloxacin colistin enrofloxacin colistin (1:) enrofloxacin (1:)
62.5 0.156 31.25 0.039 0.75 0.00 801.28
62.5 0.156 15.62 0.078 0.75 0.00 200.26
62.5 0.156 15.62 0.156 1.25 0.01 100.13
62.5 0.156 7.81 0.156 1.12 0.02 50.06
62.5 0.156 39 0.156 1.06 0.04 25.00
.02 epgde}. E. coli K8Saboll thgt FICZHE 1256 &AM wr19lsle] Al S48 Sxol o7 7o A}
A 1022 % Fade] 224ede Hastdnt 2% wHeE 2 /9478 4YS) Aok S, typhimu-

ok T2l S, aureus R-2098] 7% 0.5¢]|4] 1.034
2 Al AP B EAE Bt ol
g+ A3} colistino] A E=tel| AF8-3ked enrofloxacing
AFHZ F& FXAT)= AR AtgEY ol

rium3} B. brochiseptica$ A8 dF 2 FICHS =
Ak A7 1.03-1.12¢} 0.75-1.2558 27484 A}
g5 A B 5 Uk f19] A5 sk,
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116

7S HolFgioh &, ddAlA]e] MIC(Minimum
Inhibition Concentration)2] Zto| FAA| 2 FAsl] &
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