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In vitro and In vivo Antibacterial Activity of a New
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Abstract—The in vitro and in vivo antibacterial activities of a new fluoroquinolone, DWP20364(1-
cyclopropyl—&-amino—(i,8—diﬂuor(r7—(2.7—diazabicyclo[3.3.0]oto—4—ene—7—y1)—1.4—di—hydro—4—oxoquino]ine—3~
carboxylic acid) were evaluated in comparison with those of ciprofloxacin(CPFX), sparfloxacin(SPFX)
and ofloxacin(OF1.X). DWP20364 was more potent than CPFX and OFLX aganist Staphylococcus spp., Strep-
tococcus spp. and Enterococcus faecium MDBb and it was similarly or slightly less active than CPFX
against Escherichia spp. and Pseudorionas spp.. For MRSA and OFLX resistant strains(Staphylococcus spp.
(14). Enterococcus spp.(4), Acinetobacter spp.(2), Pseudomonas spp.(9), Klebsiella spp.(2) and Serratia spp.(6)),
DWP20364(MICs for %0% of strains, 0.025 and 12.5 ug/mi, respectively) was 4 to 32 folds more potent
than SPFX and CPFX. The activity of DWP20364 decreased moderately in the presence of 5 mM Mg*".
However, various pHs and the concentrations of various serum had no eflect on the activity of DWP
20364. DWP20364 possessed a bactericidal effect at the IMIC against gram positive and gram negative
strains. The protective effect of DWP20364 against systemic infections in mice caused by S. aureus
Smith or S. aureus 12379 was superior to that of CPFX and SPFX but it was less active than that of
CPFX against infection by P. aeruginosa E-2.
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Fig. 1 — Chemical structure of DWP20364.
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cinetobacter spp.(2), Pseudomonas spp.(9), Klebsiella
spp.(2)9} Serratia spp.(6)) R UAolA F2]& Meth-
icillin-sensitive Staphylococcus aureus(28T),
Methicillin-resistant  Staphylococcus aureus{(487F
%), Pseudomonas aeruginosa(147+<), Escherichia
coli(3973), Streptococcus pneumoniae(675) & AHE
3t

AlgiEal

DWP20364, sparfloxacin(SPFX)& & ¢34ofx]
AT AE Al en, ciprofloxacin (CPFX)2 o
$8slollA FFEeken ofloxacin(OFLX) ¥ meth-
icillin(DMPPC)2 MU 4E T chghebgol A zzt 7<)
slo] ALg-EF AT

AlR{ulx]

e Z4ol= Mueller-Hinton i) (MHA:
Difco Cat. NO. 0252-01-4)& AH-85.2™, Fleisch
extract broth(FEB: beef extract 1%, peptone 1%,
NaCl 0.3%. Na,HPO, - 12H,0 0.2%, pH 7.4~17.5)
E A2 A3, Streptococcus spp.i= MHA
1} FEBoll 5% defibrinated sheep bloodE #7131
LI =

HAWE NX|sTMIC)S &3

HAEE AAF=(Minimal inhibitory concen-
tration: MIC)= UE2}8t 8 §5ts] By 9 (Y& stst
a¥8te], 1975)] 3t SHPE s Yoz 2A3
gt 5= 100 pg/midlA A% % 0.002 pg/ml
7t =g 2 9AY HAMF FAEFDS FHF Muel-
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37°ColA 18A17F B Mgt #4& 10°C.F.U/
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of| A 18A17F Bt vl ¥, 7o) S A 5 ¢
= HAFEE A0S A FEE ST

ATEE

Fleisch extract brothellx] 37°CellA] 18413+ Bt
A} S. aureus Smith, E. coli TEM R P. aeru-
ginosa E-2 #4& 10" 34&o Muller-Hinton
broth 9 mi°ll 100 i AF3sle 37°CollA 1A17F F<t
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Zuf9%¥3t S. aureus Smith, E. coli TEM 2 P. aeru-
ginosa E-2 TAE 107 3Asle] Muller-Hinton
broth 9 m/ell 100 W# AF3ked 37°CoAllM 1A17E 52t
Agajekst & 4 xMIC, % XMIC, 1xXMIC, 2x
MIC, 4xMIC %2 DWP20364% 1 m1¥ z+z A
7¥etar 37°ColAl Aehulg3ldaA ofAl A8 247k}
AN A 8] FABE slide glass S0l Hojmg] AAdAZR
A7 & At crystal violet Aoz 30%

HM3ted FEEN7 X1,000 &2 7o) Hefs BFE
BTt

M= gt X7 &

ICRA 42 A# (Charles River, Japan), A%<
2242 g& AHEEIY, 8L S, aureus Smith. S.
aureus C2379 L P. aeuginosa E-2& A1831gich
Brain heart infusion brothel] A18#53& 20417 ™
2ol ¥, Auste] AF FHE A A4 3
Asto] 4zt 3.8x10%ml, 1.3%10%miz 1.0x10%
ml! 552 5% mucina} 410} AF 9] HAe] HF3t
Arh. 2 1213 Fol| AT2 DWP20364, CPFXE
Fo3le] 77 AERFE BE3Y Litchfield-Wil-
coxon method 2 PDy A& AF&313it}.

Ay % 1@

1% WIFR3R0l Chit &3

DWP20364¢] 1& Brigsel ozt dade
CPFX¢} vlw3t A3E Table Io] Yehith DWP
20364 Table [914¢] Aot o] g3 Ad 7 1%
Fdol thsiA BN e S Uz Ao Vel
o} DWP20364% 1 #oll disk al=o] 0.007~
0.098 pg/miZ CPFXEUR:= 8ul] o], SPFXHrh=
2¥) A=, OFLXHTh= 8uj~16v) A= S8 o+t d
& Byt B3] S. pyogenes AT7, E. faecium MD86%}
S. pneumonige®] 1FFATl ddM= CPFXETH
81 SPFX®.the= 48, OFLXE = 8H) o)Ate] &2
Fas BYAvh 1y 47 g DWP203649]
MICX:= 0.002~12.5 pg/mi2 SPFX$} OFLXX ¥
frAket gaEE B0 CPFXETHE fAREA,
2~4uj 9] st Eo] ZAdh= AT JERth

LH&T=0lf ChEL Hae

WA TSl Uitk DWP20364¢] 3t 28 Table 1o}
RSt DWP20364¢] H-MRSA#ES| dig 3
82 0.004~1.563 pg/miZ CPFX(0.195~100
pg/mi) Hoh= 508 o] 4H(MICq), SPFX(0.025~12.5
pg/m)ETHE 5~8u o €%3 % s
vehll o, Staphylococcus spp.(14), Enterococcus
spp.(4), Acinetobacter spp (2), Pseudomonas spp (9),
Klebsiella spp.(2)%} Serratia spp.(6)& EFsl= &
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Table I— Antibacterial activities of DWP20364, ciprofloxacin, sparfloxacin and ofloxacin against primary screening

strains (Inoculum size: 10* cfu/spot)
MIC® (pg/ml)
Strains - - - -
DWP20364 Ciprofloxacin Sparfloxacin Ofloxacin

S. pyogenes AT1 0.049 0.391 0.195 0.781
E. faecium MD8b 0.098 0.781 0.391 0.781
S. pneumoniae type 1 0.049 0.391 0.098 0.781
S. pneumonige type II 0.049 0.781 0.195 0.781
S. aureus SG511 0.013 0.195 0.049 0.195
S. aureus FDA209P 0.007 0.195 0.025 0.098
S. aureus Smith 0.007 0.098 0.013 0.098
S. aureus C2379(L-MRSA)” 0.013 0.781 0.025 0.195
S. aureus C5740(H-MRSA)” 0.013 0.391 0.049 0.195
E. coli DCO 0.195 0.195 0.195 0.391
E. coli DC2 0.098 0.098 0.025 0.391
E. coli TEM 0.007 0.025 0.007 0.025
C. freundii ATCC6750 0.195 0.098 0.391 0.195
S. marcescens 421-094(OR)? 0.781 3.125 1.563 3.125
S. marcescens TF012648 0.098 0.098 0.195 0.195
P. aeruginosa 9027 0.391 0.391 0.781 0.781
P. aeruginosa 1592E 0.391 0.195 0.781 0.781
P. aeruginosa 1771 0.391 0.391 0.391 0.781
P. seruginosa 1771m 0.098 0.391 0.195 0.098
P. aeruginosa E-2 0.391 0.391 0.781 0.781
P. aeruginosa C-1198 0.391 0.391 0.781 1.563
P. aeruginosa 101-181(OR) 12,5 6.25 25 12.5

E. cloacae P99 0.004 0.013 0.007 0.025
E. cloacae 1321E 0.004 0.013 0.004 0.025
K. oxytoca 1082E 0.002 0.007 0.002 0.007
K. aerogenes 1522E 0.013 0.025 0.025 0.049
P. vulgaris GN76 0.013 0.025 0.049 0.049

1) M.I.C. : Minimal Inhibitory Concentration

2) L-MRSA : Low Methicillin Resistant S. auresus (6.25 pg/mI<MIC of methicillin{100 ug/mI)
3) H-MRSA : High Methicillin Resistant S. auresus (MIC of methicillin=>100 pg/mi)

4) OR : Ofloxacin Resistant strain

Table II— In vitro antibacterial activities of DWP20364. ciprofloxacin, sparfloxacin and ofloxacin against resistant

strains (Inoculum size: 10" cfu/spot)
Strains o MIC (pg/mi)
(NO. of strains) Antibiotic MICs, MICo Range
L-MRSA(18) DWP20364 0.049 1.563 0.013~1.563
Ciprofloxacin 0.391 50 0.195~50
Sparfloxacin 0.049 6.25 0.025~6.25
Ofloxacin 0.391 6.25 0.195~6.25
H-MRSA(30) DWP20364 0.049 0.781 0.004~1.563
Ciprofloxacin 0.781 50 0.195~100
Sparfloxacin 0.098 6.25 0.025~12.5
Ofloxacin 0.781 12.5 0.195~25
OFLX-R(3N1) DWP20364 1.563 12.5 0.013~12.5
Ciprofloxacin 6.25 100 0.049> 100
Ofloxacin 6.25 50 1.563~50

1) OFLX-R: Ofloxacin resistant strains(Staphylococcus spp.(14), Enterococcus spp.(4), Acinetobacter spp.(2),
Pseudomonas spp.(9), Klebsiella spp.(2) and Serratia spp.(6))

37759 OFLX WATFo) thd DWP203649) & wg/ml) ek 4~8u) o], OFLXHTH= 4u) ol 4ke]
2 91 0.013~12.5 pg/mi2 CPFX(0.049~)100 € ##%< vehlo] WA F5ol tig DWP20364¢]
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Table Il — In vitro antibacterial activities of DWP20364, ciprofloxacin, sparfloxacin and ofloxacin against clin-
ical isolates (Inoculum size: 10* cfu/spot)
Strains o MIC (pg/ml)
(NO. of strains) Antibiotic MICo MG Ranso.
Methcﬂllm—susceptlble DWP20364 0.013 0.025 0.004~0.781
S.aureus” (28) Ciprofloxacin 0.391 0.781 0.195~12.5
Sparfloxacin 0.049 0.098 0.013~6.25
Ofloxacin 0.391 0.391 0.195~6.25
S. pneumoniae (6) DWP20364 0.049 - 0.049~0.098
Ciprofloxacin 0.781 - 0.391~1.563
P. aeruginosa(14) DWP20364 0.391 1.563 0.195~1.563
Ciprofloxacin 0.195 0.781 0.098~0.781
Sparfloxacin 0.781 1.563 0.195~3.125
Ofloxacin 1.563 3.125 0.391~3.125
E. coli(39) DWP20364 0.025 12.5 0.013~50
Ciprofloxacin 0.013 6.25 0.002~6.25
Sparfloxacin 0.013 125 0.007~25
Ofloxacin 0.098 12.5 0.0256~12.5
1) Methicillin susceptible S. aureus (MIC of methicillin<3.125 pg/mI)
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Fig. 2 — Effect of DWP20364 and sparfloxacin on viability of S. aureus Smith.
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Fig. 3 Effect of DWP20364 and sparfloxacin on viability of E. coli TEM.
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Fig. 4 — Effect of DWP20364 and sparfloxacin on viability of P. aeruginosa E-2.
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Table IV — Metal ion effects of DWP20364. Ciprofloxacin and Sparfloxacin

Strains MIC (ug/mi)
Antibiotics CaCl, MgSO, Control
S. pneumoniae typel e DWP20364 0049 .. ...0195 0049
Ciprofloxacin 0.391 0.781 0.195
Sparfloxacin 0.195 0.195 0.195
S. aureus Smith DWP20364 0.007 0.025 0.007
Ciprofloxacin 0.098 0.195 0.098
Sparfloxacin 0.049 0.098 0.049
S. aureus C2379(L-MRSA) DWP20364 0.013 0.098 0.025
Ciprofloxacin 0.391 0.391 0.195
Sparfloxacin 0.049 0.098 0.049
E. coli TEM DWP20364 0.013 0.098 0.025
Ciprofloxacin 0.013 0.025 0.013
Sparfloxacin 0.013 0.025 0.013
P. geruginosa 1771m DWP20364 0.098 0.195 0.098
Ciprofloxacin 0.025 0.025 0.025
Sparfloxacin 0.195 0.098 0.049
P. aeruginosa -2 DWP20364 0.391 1.563 0.391
Ciprofloxacin 0.195 0.391 0.098
Sparfloxacin 0.781 1.563 0.391
E. cloacae P99 DWP20364 0.025 0.049 0.004
Ciprofloxacin 0.013 0.025 0.007
Sparfloxacin 0.025 0.025 0.007
(Inoculum size: 10* cfu/spot)
Table V— pH effects of DWP20364, Ciprofloxacin and Sparfloxacin (Inoculum size: 10 cfu/spot)
MIC (ug/ml)
Strains DWP20364 Ciprofloxacin Sparfloxacin
pH6 pH7 pHS8 pH6 pH7 pHS8 pH6 pH7 pH8
S. pneumoniae typel 0.195 0.098 0.195 0.781 0.391 0.781 0.195 0.195 0.391
S. aureus C2379 0.025 0.013 0.025 0.391 0.391 0.391 0.049 0.098  0.098
E. coli TEM 0.013 0.013 0.013 0.049 0.013 0.004 0.025 0.013  0.098
P. aeruginosa 1771 m 0.098 0.049 0.098 0.049 0.025 0.013 0.049 0.025 0.049
P. aeruginosa E-2 0.195 0.195 0.195 0.195 0.098 0.049 0.195 0.195 0.391

Table Vel JERio™, DWP20364¢t SPFX+ pH
6~8AtolollA FtElo] Aol Ws7t gl ew, CPFX
= E.coli TEM, P.aeruginosa 1771m3} P. aeruginosa E-
200X pH7} S7HES g g o] 4u) o) 3 2
2 e

Horse serum0| &7#3{0)| %= Y&t

DWP203642] horse serumel| uist 3gAH&
Table VIoll VebRIT}. 5%, 10%, 25% vFdA & 4
< Aol DWP203649} CPFX9) &gol e g iol
gl o™, SPFXE 25% horse serum< ¥-2 v %]l
A28 AE 22 S Ho ntEH 9 s ut
2 Zga e TS TR e

Holztdof Chst 2itto] S}

AF Zgute]l Afoz PD50S AHE3y] 915k
DWP203642] in vivo i3S 223 vjwaty
tH(Table VI). A+5A} S. aureus Smith, S. au-
reus C2379L-MRSA)l| tig DWP20364& =&
A2l CPFXET} PDg2] 7t 4~58), SPFXHE.T} 2~4#)
oAk 258kgl o1} P. aeruginosa E-29Y & PDy X7}
CPFX:t} 2~4v] A% &37} 7HA3H )

HE] M3 2E

S. aureus Smitholl i3t F&] TA-L Fig. 59l e}
WA DWP203642] MIC(0.025 ug/mi)elde] &
Eoll A AE7} g1t B0l Q& Ao #AHUY, =7
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Table VI-- Horse serum effects of DWP20364, Ciprofloxacin and Sparfloxacin
MIC (pg/mD)
Antibiotics Se(ag/:l)m S. pneumoniae S. aureus E. coli P. aeruginosa
type I type 11 Smith C2379 DCO TEM 1771 E-2
0 0.049 0.049 0.007 0.013 0.195 0.007 0.391 0.391
5 0.098 0.049 0.007 0.007 0.391 0.007 0391 0.391
DWP20364 10 0.049 0.049 0.007 0.007 0.391 0.007 0391  0.391
25 0.098 0.049 0.013 0.007 0.391 0.007 0.195 0.391
0 0.391 0.781 0.098 0.781 0.195 0.025 0391 0.391
. . 5 0.781 1.563 0.049 0.781 0.195 0.049 0.195 0.391
Ciprofloxacin 10 0.391 0.781 0.098 0.781 0.195 0.025 0.391  0.391
25 0.391 0.781 0.098 0.781 0.195 0.025 0391 0.391
0 0.098 0.195 0.013 0.025 0.195 0.007 0391  0.781
. 5 0.049 0.195 0.007 0.025 0.195 0.007 0.391  0.781
Sparfloxacin 10 0.098 0.391 0.013 0.049 0.098 0.007 0.195 0.391
25 0.049 0.098 0.013 0.025 0.098 0.004 0.195  0.391
(Inoculum size: 10 cfu/spot)
Table VH — Protective effects of DWP20364 and Ciprofloxacin on systemic infections in mice
1 o
Strains Challenge dose Route Antibiotics (95%P([:)05:1ﬁ((rizi/ckegiimit)
3.8x10° DWP20364 1.02 (0.65~1.59)
S. aureus Smith (5% mucin) p.o. Ciprofloxacin 3.88 (1.28~11.71)
Sparfloxacin 2.09 (1.24~3.52)
S 279 1.3x10° DWP20364 5.13 (2.96~8.92)
e 0)2 (5% mucin) p.o. Ciprofloxacin Y25
L-MRSA Sparfloxacin 21.76 (10.15~46.63)
P inosa -2 1.0x10° DWP20364 5.80 (3.22~10.4)
- aeruginosa (5% mucin) p.o Ciprofloxacin 1.44 (0.80~2.61)

Control

MIC(0.025 pg/mi)
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1/4 MIC(0.007 pg/mi)

2 MIC(0.049 pg/mi)
Fig. 5 — Microscopic observation of Staphylococcus aureus Smith exposed to DWP20364( X 1,000).

1/2 MIC(0.013 pg/mD

4 MIC(0.098 pg/ml)
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Control

1/4 MIC(0.007 pg/mi)

1/2 MIC(0.013 ug/ml)

MIC(0.025 pg/ml)

2 MIC(0.049 pg/ml)

4 MIC(0.098 pg/mI)

Fig. 6 — Microscopic observation of Escherichia coli TEM exposed to DWP20364(x 1.000).
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