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Killing Rate Curve and Antibacterial Activity against Various
Pathogenic Bacteria in the Presence of Enrofloxacin and Colistin

Min-kyu Kim, Hyo-in Yun' and Seung-chun Park*
Pharmacol & Toxicol Lab, College of Veterinary Medicine, Chungnam National University,
PO Box 107, Yusong-ku, Taejon 305-606, Korea
*Research Lab, Dae Sung Microbiologicals Co Ltd, Kyongki-do 437-764, Korea

ABSTRACT : Em:‘roﬂoxacin-colistin combination, widely used in Gram negative infections in
veterinary sector, was investigated in terms of MIC and initial killing rate using E coli k
88ab, Salmonella,typhimurium, Pasteurella multocida type A, Bordetella bronchiseptica and
Staphylococcus arireus as test organisms. On the basis of MICs of enrofloxacin-colistin com-
bination against the above bacteria, killing rates of the combination of enrofloxacin and col-
istin at the ratio of 5:0, 4:1, 3:2, 1:1, 2:3, 1:4 and 0:5, indicated high and rapid antibacterial
acitivities against all but Staphylococcus aureus R-209, with the number of bacteria reduc-
ing to less than one percent within two hours. At the MIC of enrofloxacin or colistin, both
antibacterials showed the highest killing rates during 2-4 hours against Gram negatives
such as E coli K88ab, Pasteurella multocida type A and Bodetella bronchiseptica but allowed
the regrowth of the same pathogens thereafter. On the while, the combination of two an-
tibacterials at a fourth MIC resulted in high killing rate without bacterial regrowth during
24 hours, suggesting the synergistic antibacterial effects. The combination, however, did not
show favourable activity against Gram negative S typhimurium and Gram positive S aureus
R-209. When considering not only the combination of enrofloxacin and colistin had syn-
ergistic antibacterial activity against Gram negative pathogens but also colistin showed LPS-
neutralization, we could suggest the combination should provide clinically positive thera-
peutic armarium in Gram negative infections.
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Enrofloxacin3} colistin®] /155 (F)HAIv] &R
AaTazie] AFE wol A AREslgon,
z} BB 98 98~104%2] wEE EA 24
W49 gade] gle AL el F Al s}

AlERE

Aol AMER fe 23SA HUAFFA E
coli K88ab, Pasteurella multocida type A, Salmonella
typhimurium, Bodetella bronchiseptica®} “13oFA]
DA A2l Staphylococcus aureus R-2090.2 & S5F
F5 (PR ETA TN Rofighe, ok
Hl X] 2+ Mueller Hinton broth (Difco, U.S.A)ZE &}
wl zletufof g 3 2 213 F5== t}A] Muller Hinto
agart 2| o] =b3led SLEHE wlofale] AT A4
Z) ¥ 4£Co) LA FALE ANl

Enrofloxacind} colistin®| HJ&HH| 0 L2 MIC
Enrofloxacin®} colistin®] #j3v]) &< FAZu]| 2

0:5, 1:4, 2:3, 3:2, 41 18] 3 5:00.8 742+ 5 g9 ©hal
22 B3 AEAR FAE mig] gl & MIC
& E coli K88ab, P multocida type A, S typhimurium,
B brochiseptica®} S aureus R-2090-T5 A dT=
microdilution B °2 2 A3t}

Enrofloxacini} colistin2| UHEIH|20]| U}2
gas

Enrofloxacin®} colistin®] w]gtH] &) o2 MICE
7|Eo2 3l MICx49] 2= 9 APESEE o
S5} 7] AAshsich. A A wjepsl 10'-10° CFU/
m]_O,] 7\;]2—]-?{-23 Agaz-l /\logz‘\,_i zzég}o;] 50 ml.°/]
comnical tubeol| &3}y, Z+7re] wighmjg® Egks
A A A 488 Hr)ste] 37°ColA] 2etu) kst
A, gaENE AR A F 0547, 1417,
2417, 417, 6A17bH Al RS A5 REE el
A AR5E ol 4sto] 10 W) Y2 o] 3
] H% Tryptic soybean agar(TSA) plateol] 20 pi#
& 27} wastod 207k Wi9kAI 7 F A skch o
3 ¥R Al7Fo] AAEl enrofloxacind} colistin®]
R W gl vIAE e dohis] Hatel
H A A FS TSBHIR| o] 3|A sl F42 10°~10
CFU/ml¢] Z7] F<55 24 I, 55 MIC
o FE2 A, FEFOIAE MICA =2

oo Al

50 ml sterile conical tubes containing a total volume
of 8 ml

l

Antibiotics were tested alone or in combination

l

A suspension of test organism was prepared in 0.9%
saline from bacterial growth on a 24 h-old TSA plate

An initial inoculum of 10>-10" CFU/ml

l

The tubes were incubated at 37°C in a rotator for 24 h.

|
Samples (0.1 ml) were taken 0, 2, 4, 8, 24 h.

Suitable dilutions were made in 0.9% saline con-
taining 0.1% agar

20 pl was plated in triplicate on TSA

l
The plates were incubated at 37°C for 18 to 24 h.

l

Colony count

Fig 1. Procedure for killing rate of antibacterials against
various microorganisms.
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GEF AR, B7HE 2402, 4412, 8417
2 24A7bRel F4o] WSHE Fig 19) Wl e}
23 s}4c).
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HiEHI=Z0l wHE MIC

Enrofloxacini®} colistin®] wi§v]8-8& <a]dle] 55
Adsd dExzAL MY AT 5 FFE G
AEAFaeA] Eopdel AY3 AHE Table 19
vrebgdel. 2 27} enrofloxacin W S EAR F
olg A9 2E AgdFolA] 0225 pg/ml o]3}e] &
FH & BdFgl or) colistin Thel SHFEHU R Bolgl
73-oli= S typhimurium>} S aureus= 125 pg/mlz 1}
eful o] sltA|el fdte] A gAE MdFgict. #H
enrofloxacin®} colistin®] ¥-8-¥J8}9-& 73-9- colistin
of| ¥ ZA) § typhimurim3} S aureus2] MIC7} 125
ug/mlol 4] 0.45~0.9 pg/ml, <0.225~0.9 pg/ml2 o}

Zt}. Enrofloxacin : colistin®] wiEm]7} 1:49} 4:10)43
7 FaEAE RS A"EFF E coli K
88abx AHALEES dog|E WA MdoEA] enro-
floxacin®] ©55-eJ3l 79 MIC:= 0.025 ug/ml ©]3}
2 vehten, colistin®] wh%-Fodeja]= 0.25 ug/ml
2 enrofloxacin®} colistin®] wjgu]-g-o] 1:4¢} 4:131 4
& A3l mE g g dEFodo Hen
F MICE el gt}

HiEHH| 0| L2 7| 7| AlHSE

Enrofloxacin®} colistin®] wl §n) &l o} & 328
MIC o] o|gte] AT Aol 244 70e] A F
o A E st Hol ey AR Aol
A 2447 o W ERA] oo AESH ubgt
7ok EFE s "abol sl Huwtez wiE
o] Fr}. nej R 2 ¥ Aol AP TTEe] 642
B BEsAlel wEA 4o APE4Ee] ofAbS
dolr 7] $5led wign]E-o MICS] 4ule] FE & A

Table 1. Minimal inhibition concentrations against in different ratios of enrofloxacin-colistin combination

MIC (ug/ml)
Microorganism Ratio of enrofloxacin and colistin
0:5 1:4 2:3 25:25 3:2 4:1 5:0
E coli k88ab 0.45 <0.225 7.81 7.81 3.6 <0.225 <0.225
S typhimurium 125 0.9 0.45 0.45 0.45 0.45 <0.225
P multocida type A 0.9 <0.225 <0.225 <0.225 <0.225 0.225 <0.225
B bronchiseptica 0.45 <0.225 <0.225 <0.225 <0.225 <0.225 <0.225
S aureus 125 0.45 <0.225 0.45 <0.225 0.45 <0.225
12

Log,, CFU/mI

0 L ] ) J ! s
0 1 2 3 4 5 ]

Time (h)
Fig 2. Killing curves against £ coli K88ab in combina-
tion between enrofloxacin and colistin at the ratio of 0:5
@), 1:4 (D), 2:3 (V), 2525 (), 322 (m), 4:1 (@)
and 5:0 (A), Growth control (O).
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Fig 3. Killing curves against S typhimurium in combina-
tion between enrofloxacin and colistin at the ratio of 0:5
@), 1:4 (L), 23 (V), 2525 (), 32 (M), 41 (@)
and 5:0 (&), Growth control (0).
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ol Foi3)sict. 2 AHE Fig 2004 Fig 69l 1}
ehliic}. E coli K88ab%} B brochseptica-2- A3 FF
2 AYES A 2 F uigh|EollA Ao kEA
2217 ool Al FF7) 90%0]1 4 AbEE]= 73t
-8 Jehfich(Fig 2, Fig 5). S typhimurium<
AP AR A S o) 28 ajgn] gl 147t
A 7R = o) Abd sl o) 24175 o] enrofloxacin :
colistin®] 1:4¢} 5:09] v]&ollA 2] AL BHT}
7} 2L ool ¥ AlsE dA-S HAthFig 3). P mul-
tocida type Aol|A] Z7|APd<4-% = enrofloxacin:colistin
2} 4:19] B]&-& A 93l ZE i gu]-g2] oA

10 -

Log,, CFU/m

Time (h)
Fig 4. Killing curves against P mulitocida typa A in com-
bination between enrofloxacin and colistin at the ratio of
0:5 (@), 1:4 (A), 2:3 (V), 2.5:2.5 (O), 3:2 (W), 4:1 (@)
and 5:0 (A), Growth control (O).
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Fig 5. Killing curves against B bronchiseptica in com-
bination between enrofloxacin and colistin at the ratio of
0:5 (), 1:4 (A), 2:3 (V), 2.5:2.5 (O), 3:2 (W), 4:1 (@)
and 5:0 (A), Growth control (O).

At - A& - e E

617 R o) 9] AAA-E B Avh(Fig 4). 22V 2%
FATF2l S aureus R-209% A HFFE 27|42
58 A3 A colisting HEFH3A S
A3 S Ho|x] 9kgk o}, enrofloxacine] 7}
H e gtelagAlE AAE] g APEAITE dAbS B
o35t

HEHH|R0]| L}= enrofloxacinD} colistin®] A S X2
Enrofloxacin} colistin &34 4| €] A17bell wh2 8F#4¢
F2bg 24alr) Slaled, 2 abaAle] MIC 435t 7}
A 2] MIC/4E E7Fsle] 2447k E]F E coli K88ab,
P multocida type A, S typhimurium, B brochiseptica®}

12
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Log,q CFU/mI
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Time (h)
Fig 6. Killing curves against S aureus in combination
between enrofloxacin and colistin at the ratio of 0:5 (O),
1:4 (&), 2:3 (V), 25:25 (©), 3:2 (W), 4:1 (@) and 5:0
(A), Growth control (O).

100

Logyg CFU/MmI
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Time (h)

Fig 7. Killing rate curve at the MIC of enrofloxacin ((J)
and (A) and each one-fourth the MIC of enrofloxacin
plus colistin (@) E coli K88ab. Growth control (O).
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Fig 8. Killing rate curve at the MIC of enrofloxacin (1)
and colistin (A) and each one-fourth the MIC of enro-

floxacin plus colistin (@) against S typhimurium. Growth
control (C).
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Fig 9. Killing rate curve at the MIC of enrofloxacin ()
and colistin (A) and each one-fourth the MIC of enro-

floxacin plus colistin (@) against P multocida A. Growth
control ().

S aureus R-20973F9) APE45 2 2 &9] o, A7}
9] Aol u}E AlF2] 7 AA ] WE-E Fig 7-11¢
B8l S yphimurium-g A2 ¥ 2E A FTo|
4] enrofloxacin®} colistin®] MICS] 1/45X 2 §A|A
z} A9 MICFER H5FoA] BoF hFH 7
e #AG HojFoe] o] F gkA| o) AE AL A
sahg Eo Abyiae-g wedFdch S yphimurium
2 enrofloxacin®} colistin®] MIC s¥ & 7}7} ot&
FFAE FoIsldg o ela o] F8EAe] MIC
VagEe] FAAY BFoA do] AL RS
Art
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Fig 10. Killing rate curve at the MIC of enrofloxacin ()
and colistin (A) and each one-fourth the MIC of enro-

floxacin plus colistin (@) against B bronchiseptica.
Growth control (O).
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Fig 11. Killing rate curve at the MIC of enrofloxacin ((J)
and colistin (A) and each one-fourth the MIC of enro-

floxacin plus colistin (@) against S aureus. Growth con-
trol ().
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B8R 5 AAR AR a3yt HF o= AL
2 o4##] 9lt}. Enrofloxacine 53] 2 gA8-0 2
MseR] #xe BAFH AEE AEHEA F
Reldem wol Aesn slow Were ayol
AE 3 9leh. Colistind 74H T &L F3p2hgo]
A x| glom ™, &M g Fet AHE-sle] ol
QtHA L guge] glviy B 4 Qir}. 2ej2E B
Aol o] zekstd WEA T3S 7
ghAl e} w2 A & Fo| enrofloxacin-g ¥H-4-F
o 7S dold §= ode AFE2Heel Fsle] AYHS
A3kt

Enrofloxacin®} colistin®] wjjghe]-8-2 @] sle] W
A AT 5 FFolA eide| el o2 MICY vlwAl
#](Table 1)) 4] enrofloxacin ©el 32 g2 Fojx
73 BE AlPdFol A 0.225 pg/ml o 3k2] gFH 2
Hol50] enrofloxacin 743 ¥ &3-& B FH o).
Colistin 5] 34522 T35 Aol S typhimu-
rium3}t S aureus= 125 pg/mlZ jeh} o] oS
3)qrA| ol didle] *3HAJS HodFglt). Enrofloxacin
7} colistin®] H4-Fo]5}9]& AL colistine] HF =
ZA] S. typhimurim=} S. aureus®] MIC7} 125 pg/mlei]
A 0.45~0.9 pg/ml, <0.225~0.9 pg/mlE Folzlch. o
2t AMd-& enrofloxacine] #i2h8-& dh=vl gle]
A 35 AFAYE & 5 et ol#d A o
=3 HUAAIFE FFEA 2FAA 24417} Fo
ZA3 glo| B2 JA4-& s AT AdHE o
& o g AA F S yor A Aol Azt
MdPro g dFFejol & Aoz A7ET) Enro-
floxacin®} colistin®] wj&n)go)] o}E 3-F2L MIC
Holl oJale] ZAE Aoz 2427ke] ARG F F2
Atel g galshA =t elv AR 2 AelA] dE
AL 2427459 HEA] Y AESHA wtr|ehe of
E5efsby gAakel 9J3le] Augte R wjEo] Hr}
o]2qt AW FHFEA] Zu|o T AbPEsle]o}
F2 1945 AF & Uk ARE Az Qo
aeg E A o] AdFENA enrofl-
oxacin®| &3 Muzr)7} 4-7X7ke® M uE o
AR, HadFEree A7 4 THFAA 08-20
pg/mlz oA glo s 2’ olaidt AP 2 RE FFE
A xF 27| AR 9] 2| AlEEE = S S8
3= 2 o]d ik AE-S A At} E coli K88abS-
Az 27AEETE wiu s 2ty
MICE] 48] FE2 xFA7) A3 & v EsE
A 1%e1e] A AFE ¥ gGrh(Fig 2). MIC2] 4l

FEE HASERA B3] AAWNAA SFEAe] &
-2 238 YalME MICH| 48] Tt E5o
ZA sokgtrt daixglel. el 2447k A
9] wighu) g2 MICS 1/45EE =FA 6417 o
Foll ANARAS RFBRA(Fig 7) AE5F 23
)7 527} PAE(post antibiotic effect)ol] 3t 377}
Feslojol & o g g™t S nphimuriumdl] o)
g MICS] 4m) FXEolA] 7] 6417 F4F =FA] en-
rofloxacin:colistin®] 1:4¢} 5:02} u]-g-ollA] 2X]7t=] <]
oFzke] AAAS Bolrhrl 1 o] F AAlE e dE
BT chFig 3). o]213 Aule e F5e} szt
= F5E WA F59) AATT 2be] B2 o
F AA7)9 zlolo] me} xglo] thE A vielhd A
2 Azt=E|oizle}. oleidt AR MICY] 1/4 F=2
2 & g ge] ol F59 S BolA
Sl AW E §58 571 9ok P multocida type
AL 7719] vl E5TolA] MICY Ml red w3
A 1A 7+5) ol enrofloxacin®] 5ol Alent eFzle]
AAAE Holthr) 2417k A o] o} A] o] RS ok
g &2 qAgA FEo 2 7o RS A
t}. Enrofloxacin:colistin®] vl §1]go] 4:18} FFof 4]
ot 6| 7HEqt 2bAdE W] JAE Bl Th(Fig 4). 919
5o )3} . enrofloxacind} colistin®] MIC®] F&
2 24759k 2 Z Aol Zhzte] gAAel] S B
Qot = FAE Zhhe] dEAle MICY] 1/4 5%
2 315 54l o] & AAA 7|} 847k ] Fo|
ANA7-E HAchFig 9). o]#gt AMARE o] Fpel df
3lo] o] FaHEAlE AR S-S & 4 sk
B bronchisepticas A|EFF3E MICY] 4z =
Aale] A EEEE AT A9 25 w82
Sl 7FH g 3-& W skel(Fig 5). ey
enrofloxacin®} colisting MICEFE <Fol|4] 242 7b
B9 2EA 2] 24774 QA7 S Helohrt 1
o] ol AL HojFgict. $1o] A2 5% o
wE-2] enrofloxacind} colisting 502 glAalell A
- 7 919 Aol ANk sl FHlddls ol s
G aNsEE Eatot Tele] Qo A& o
A]8}2 ¢lt}. Enrofloxacin3} colistin®] v -8-%-o A] 1/4
o] Fx 2 Eijtele] Fo A At AvbakeS B
T3 gl HEFHA R 8E 4 qlow]e) AlgHc).
23RN FFY] dHEAel mdal S aureus R-209¢]
gt enrofloxacin®} colistin-g wighn]&-2 =43 £
MICS] 4ulx=2 6RZH o)A o] R P4
Z 3T A colistin®] FEFAA o= A&
B9l o1} enrofloxacine] 71 wjgn] &A= 2]
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B A v A Eof| &k Enrofloxacin®} Colistin®] wighu)gell u}2 37283 7o AMESe 291

HEAE 58 T FHAAEE BeiFol enrofl-
oxacino] ¥ JF A& | shs o2 Aj7to] H
alo}(Fig 6). 12} enrofloxacin®} colistinel] o}
MICF XA Zt7}h gh=-fod Al whE go] A4
F2 ARTARS-E HoiFe] Z7] MICE| 4ul-5 %ol A
A -3 A ARE e AEARE 29
t}. o]z §l At tlair e A A HsiA o
T ot HAEAe] St o] B T H g
WhEsle Zle g deA 9l TR uE ATEa
of gt 77} Fuetof & oz MzpEch B Al
el gk A Al H-8-& 29Fs}H, enrofloxacins}
colistind- Al g5l thalo] g &2 A7patgol
ks AL o 5 e, o = A A
Fak8-2 Faot F oghdAle] wige)go] o5 o
g} Al < w7} o2 Al el enrofloxacine] whE A
o] &eol| colistin®] WEAFIFORE o] FoR| =
BghAlA o] e AREE Y FgALe] ©
Aoz AZEs, Yo FEANA o] F dFAl]
ARAEA g A7t Lo F ol Folxje}l &
oz Mz}

4 £

S FFA 52 A Rell sle] el dadell A
da] Ala-5] 7 9]t enrofloxacind} colistinel] o}l
Al&HFF9l E. coli k88ab, Salmonella typhimurium,
Pasteurella multocida type A, Bordetella bronchiceptica
18] 51 Staphylococcus aureusol| t)alo] Wl 8-Fod A] uj
&l o2 MIC, FIC, Z7|Ad4x g o] F wid
Aol 223 W 24A17HE 2] o] W of
o &l 9] M ela] FAF8)lgd et Enrofloxacins®} colistin
o] wigulgol wE WU Aol tEte] 271 AP
52 2438 43} enrofloxacina} colisting- 5:0, 4:1,
3:2, 1:1, 2:3, 1:4 0:59] v &2 27 &lel|A] S aureus
R-2098 A|2igt 2E AFdFlA 242E ojllel] Al
7t @A EAI(1% 018} FHad o2 o] Al
£3%+8 o 4 9)¢ltt. Enrofloxacini} colistin®] o]
S 2 A e 2447 Fabe] AL E Wahe
235t v}, ol & AL & MIC §-3FolA =
1S AT & E coli K88ab, Pasteurella multocida
typeA, Bodetella bronchisepticacl] W3te] & F A
2~427} Alolol) 7}k E& AMHEEE YT 1 F
A e, et 5 e 2hzke] MICE
of 14 §o4E NPHAE A4S T AdSES e
Yoz olF A&zt 3 A5ago] ales W
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stk a2yt Salmonella typhimurium} 21530k 3+
Ql Staphylococcus aureus R-209¢l4 F &-FE5-79]
WEFIE 45 3o AbHEe BokE tehiAl o
gith. AE24 2 2 enrofloxacin} colistin®] W -§-5Fof+=
ATl ke AFeEl 33 3 colistine] 71|
T ole WEA B30 AFE a9-SAT Al
3t A FA1AE Jebd 7102 AR Ech
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