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In vitro and in vivo Antibacterial Activities of the New Quinolone, DWQ-013
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Abstract—1In vitro and in vivo antibacterial activities of DWQ-013(1-cyclopropyl-6,8-difluoro-7-(3-
methylthiomethylpyrrolidinyl)-1,4-dihydro-4-o0x0-3-quinolinecarboxylic acid), a new fluoroquinolone
antibacterial agent, were compared with those of ciprofloxacin, sparfloxacin and ofloxacin against
aerobic and anaerobic standard strains and clinical isolates. DWQ-013 had a broad spectrum and
potent antibacterial activity against Gram-positive and Gram-negative bacteria. The antibacterial
activity of DWQ-013 against Staphylococcus aureus was equal to that of sparfloxacin(SPFX) and
superior to those of ciprofloxacin(CPFX). The antibacterial activity against Gram-negative bacteria
was slightly lower than those of ciprofloxacin and sparfloxacin. MIC of DWQ-013 against Pseudomo-
nas aeruginosa(0.781~1.563 ug/ml) was usually equal to that of sparfloxacin(0.781 pg/m/) and was
inferior to that of ciprofloxacin(0.098 pg/m/). The number of viable cells was decreased rapidly
after addition of DWQ-013 at concentration of 1~2 folds of MIC.

Keyword [] Quinolone, antibacterial agent, DWQ-013, MIC, MBC, EDs, Viable cells, Killing curve,
Morphological change.
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Fig. 1—Chemical structure of DWQ-013,
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Table 1—In wvitro antibacterial activities of DWQ-013
and comparative drugs against Gram(+) and
Gram(— )bacteria

M.LC.(ug/mi)

Strains DWQ-013 SPFX CPFX
Streptococcus pyogenes A308* 0391 0391 1.563
Streptococcus pyogenes ATT* 0195 0391 0.391
Streptococcus faecium MD8b* 0.195 0.195 0.781
Staphylococcus aureus SG511 0.002 - 0.002 0.098
Staphylococcus aureus 285 0.002 0.013 0.195
Staphylococcus aureus 503 0.002 0.007 0.195
Escherichia coli O 55 0.007 0.002 0.002
Escherichia coli DC 0 1563 0.098 0.049
Escherichia coli DC 2 0195 0.025 0.025
Escherichia coli TEM 0.025 0002 0.013
Escherichia coli 1507E 0.049 0013 0.013
Pseudomonas aeruginosa 9027  0.781 0.781 0.098
Pseudomonas aeruginosa 1592E 1563 0.781 0.098
Pseudomonas aeruginosa 1771  0.781  0.391 0.093
Pseudomonas aeruginosa 1771IM  0.013  0.049 0.098
Salmonella typhimurium 0.098 0.025 0.013
Klebsiella oxytoca 1082E 0.098 0.049 0.098
Klebsiella aeruginosa 1522E 0.391 0.025 0.049
Enterobacter cloacae P99 0.049 0.013 0.007
Enterobacter cloacae 1321E 0.025 0013 0.004

* MHA+10% horse serum
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Table 2—1In vitro antibacterial activities of DWQ-013 and comparative drugs against ofloxacin-resistant strains

M.I.C.(ug/mi)
ofloxacin-resistant strains Antibiotic MICar MIC range
Staphylococcus aureus (9) DWQ-013 1.563 0.781—1.563

Ciprofloxacin 125 125 -100
Sparfloxacin 3.125 3.125—25
Ofloxacin 50 125 —100
Streptococcus epidermidis (7) DWQ-013 3.125 1.563—6.25
Ciprofloxacin 100 50 —100
Sparfloxacin 12.5 6.25 —125
Ofloxacin 6.25 1.563—50
Kilebsiella pneumoniae (3) DWQ-013 6.25 6.25
Ciprofloxacin 1.563 1.563
Sparfloxacin 25 1.563—25
Ofloxacin 100 50 —100
Pseudomonas aeruginosa (11) DWQ-013 >100 3.125—>100
Ciprofloxacin 6.25 0.781— 50
Sparfloxacin 25 3.125—>100
Ofloxacin 25 6.25 — 100
Serrvatia spp. (6) DWQ-013 >100 125 —<100
Ciprofloxacin 6.25 1563— 6.25
Sparfloxacin >100 25 —>100
Ofloxacin 6.25 3.126— 6.25
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Table 3—1In wvitro antibacterial activities of DWQ-013 and comparative drugs against clinical isolates

M.LC.(ug/ml)

Strains Antibiotic MICs MICay
Staphylococcus aureus (46) DWQ-013 0.025 0.025
Ciprofloxacin 0.098 0.098
Sparfloxacin 0.098 0.195

Streptococcus pneumoniae (7) DWQ-013 1.563 125

Ciprofloxacin 6.25 ' 25
Sparfloxacin 0.781 3.125
MRSA* (18) DWQ-013 <0.025 <0.025
Ciprofloxacin 0.195 1.563
Sparfloxacin 0.098 0.195
Escherichiae coli (52) DWQ-013 0.391 6.25
Ciprofloxacin 0.025 0.098
Sparfloxacin 0.025 0.781
Kilebsiella pneumoniae (31) DWQ-013 0.781 0.781
Ciprofloxacin 0.025 0.098
Sparfloxacin 0.098 0.195
Pseudomonas aeruginosa (27) DWQ-013 3.125 >100

Ciprofloxacin 0.391 125

Sparfloxacin 3.125 25
Enterobacter cloacae (12) DWQ-013 0.391 1.563
Ciprofloxacin <0.025 <0.025
Sparfloxacin 0.098 0.098
Proteus mirabilis (12) DWQ-013 0.391 0.391
Ciprofloxacin <0.025 <0.025
Sparfloxacin 0.781 1.563
Morganella morganii (6) DWQ-013 0.391 0.391
Ciprofloxacin <0.025 <0.025
Sparfloxacin 0.195 0.391
Enterobacter aerogenes (6) DWQ-013 0.781 1.563
Ciprofloxacin <0.025 0.098
Sparfloxacin 0.195 3.125
Serratia marcescens (12) DWQ-013 3.125 3.125
Ciprofloxacin 0.098 0.195
Sparfloxacin 1.563 3.125
Salmonella spp. (3) DWQ-013 0.391 0.391
Ciprofloxacin <0.025 <0.025
» Sparfloxacin 0.195 0.391

*: Methicillin-resistant Staphylococcus aureus
ZeFA el A BAg FRHe 7 AR Enterobacter, Salmonella 5 ZFE AFo) dsld

vehgt), 22 FAT) S aureus, S. pyogenesel o
)4 DWQ-0132 0.002-0.391 yg/m/Z SPFX# &%
AU 5% d4HE B9R, CPFXEoe 2~64
v 3t s Mok =3 asgAdel o
slodx DWQ-013& $-3 d4¥e 5o E ool

CPFX, SPFX#} A9 F53 373+ vehlidoh
3+ P. aeruginosasl| 93 DWQ-013¢) MICH+= 0.
013~1.563 yg/m/ = SPFX3 A9 F53 78S
F}A 3 glor} CPFXuc} dH-FHo] 2~16u] HoiR|&=
Ao vehgrh,
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Table 4—In vitro antibacterial activities of DWQ-013 and ciprofloxacin against anaerobic strains

M.LC.(pg/ml)

Strains DWQ-013 CPFX
Peptostreptococcus anaerobius ATCC 2733 0.195 0.781
Peptostreptococcus magnus ATCC 29328 0.195 0.195
Peptostreptococcus asaccharolyticus ATCC 14963 0.391 0.781
Peptostreptococcus prevotii ATCC 9321 0.781 0.781
Streptococcus intermedius GAI 1157 0.391 0.781
Propionibacterium acnes ATCC 11827 0.195 0.391
Propionibacterium granulosum ATCC 25564 0.195 0.391
Eubacterium limosum ATCC 8486 0.195 0.781
Clostridium difficille ATCC 17859 1563 6.25
Clostridium perfringens 0.049 0.195
Clostridium  tetani 0.098 0.391
Clostridium botulinum type A 0.098 0.049
Bacteroides fragilis GM 7000 1.563 3125
Bacteroides fragilis ATCC 25285 0.781 3.125
Bacteroides distasonis Ju-11-1 3.125 125
Bacteroides thetaiotaomicron WAL 3304 1.563 125
Fusobacterium mortiferum 2507 3.125 1.563
Fuysobacterium necrophrum S-45 1.563 0.781
Fusobacterium nucleatum ATCC 25568 0.049 1.563
Veillonella parvula ATCC 10790 <0.007 0.025
Capnocytophaga gingivalis ATCC 33624 <0.007 0.049

Medium: GAM agar
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T4 EEE Table 26 Yehilt). S. aureusol gk
DWQ-013%] MIC90-& 1,563 ug/m/Z. CPFXH.t} 8uj,
SPFXX.x} 2uf, OFLX H.x} 320} $-<paled.om, S epi-
dermidis®l) th3 DWQ-0132) MICy& 3.125 uyg/mi 2
CPFXXxc}l 320l, SPFXXc} 4u, CPFXHE} 29) %
Fsldrt. 22 P aeruginosa®} Serratia spp.ol| o)
A dHz2EAN JFHo) oAl =R e}
Wk

el Fol st AN
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MICy*]= Table 3efl “tehfigict. DWQ-0139] Me-
thicillin-resistant Staphylococcus aureus(MRSA)<]| o
T MICs2 0.025 pg/ml ©)3}2 CPFX 3} 8u)f o)A},

Vol. 38, No. 3, 1994

SPFX¥t} 4] o) 4% F7He vehiddch
a3 AAFANA E. coli(52dF), K preumoniae(317-
), P. aeruginosa(274), E. aerogenes(63), Ser-
ratia marcescens(12F5)9 ™3 DWQ-0132} MICso2-
0.391~3.125 pg/mi.e. 2 WzorE<el CPFX, SPFX#
E53AY tha el "ozl o2 Yehyth

oM 230l gt g7y

37| FF9 Peplostreptococcus spp (675, Clos-
tridium spp.(4T7), Bacteroides spp.(4T5), Fusobac-
terium spp.(3EF) o WF 7Y Ha}= Table
4¢} 7k DWQ-0139] MICw*+ thAlE 0.049~3.
125 pg/ml 2 th2EAQ) CPFXXr} 2~8u) &3 o)
S48 e Jeldr

AR EE
MIC/MBC —DWQ-013¢) oi& MIC®} MBC A3}
= Table 59 2}, DWQ-0132) MIC, MBC A3}



270 FEE -

WE - e - HEA -

ARE - AAE - oA -

ol
2
o

Table 5—Comparison of MIC and MBC of DWQ-013
and Ciprofloxacin to S. aureus, MRSA and

E. coli
Strains DWQ-013 CPFX

MIC* MBC*® MIC MBC
S. aureus FDA 209P 0.004 0.049 0.098 6.25
S. aureus Smith 0.004 0013 0.098 0.195
MRSA 57 <0.004 0.049 0391 6.25
MRSA 5113 0391 6.25 50 >100
MRSA 5216 0391 3.125 25 >100
E. coli No. 29 0195 0.781 0.025 0.195
E. coli KP 0195 0391 0.007 0.049

Broth dilution method, Inoculum size: 10° cfu/mi
a: Minimum inhibitory concentration
b: Minimum bactericidal concentration

o—-——0

O Control
@ 0.0015ug/ml
6 N4 v 0.003;g/ml
' v ¥ 0.006ug/ml

0O 0.012ug/ml

Log of Viable Cells/ml
o
|

r T y T T T T T T l

0 1 2 3 4

incubation time(h)

2—Effect of DWQ-013 on Viability of S. aureus
Smith(MIC: 0.06 pg/mi).

Fig.
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0139 S.aureus Smithel] 3 AbFatgo] Azt 7
EQ Ant Al Fo 60%F5-E 0.0015 ug/miFx ©]
Abol| Al AbEHg-ol FAFAC E. coli KPol| Wi
DWQ-0132] ARF=H-& 0.049 pg/mlo| A= 27314

9
8 | [ e O
.
E 7]
i
3. 6 o
(4]
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S 5 ® 0.049ug/ml
= )/O \N V 0.135ug/ml
b A ¥ 0.781ug/ml
a0 4 ‘
Q
3
3 | SISV
: \V/V
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-1 0 1 2

incubation time(h)

Fig. 3—Effect of DWQ-013 on Viabiﬁty of E. coli KP
(MIC: 0.195 pg/mi).

9 .

8 4 /
E é
G 7 S —
I} )/V O Control
© ® 0.19ug/ml
L6 v 0.39ug/ml
< ¥ 0.78ug/ml
S O 1.56ug/ml
e 5 — \
[=11)
Q
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3 T T T T T T 1
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4— Effect of DWQ-013 on Viability of MRSA 5216
(MIC: 0.391 ug/mi).

Fig.

Egor} 0195 pg/midAdeE AFsrt dA43] Fa
stgich. =3 MRSA 52160 Wiyt AFah-8-2 °fA
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Table 6—Influence of horse serum on the antibacterial activity of DWQ-013 4

M.I.C.(ug/mi)
Strains serum CPFX DWQ-013
’ 10° cfu/mi 108 cfu/mi 108 cfu/mi 108 cfu/mi

Streptococcus spp.*(3) serum 0% 0.098—0.391 0.195-0.391 0.049—0.195 0.049—0.391

10% 0.391—1.563 0.781—1.563 0.098—0.781 0.391-0.781

25% 0.195—1563 0.391—1.563 0.781—3.125  1563—3.125
Staphylococcus spp.(3) serum 0% 0.098—0.391 0.195—-0.781 0.007—-0.025  0.025

10% 0.195—0.391 0.391—1.563 0.025—0.049  0.025—0.098

25% 0.098—0.391 0.195—1.563 0.195 0.195—0.391
Escherichiae coli(5) serum 0% 0.004—0.098 0.004—0.195 0.049—1563 0.049—3.125

10% 0.004-0.098 0.004—0.195 0.781—6.25 0.391—125

25%  0.004—0.098 0.004—0.098 1.563—12.5 0.391—25
Pseudomonas aeruginosa(4) serum 0% 0.098-0.195 0.195—0.781 0.391-1563 1.563—3.125

10% 0.098—0.195 0.195—0.781  0.781—6.25 1.563—6.25

25% 0.098—0.195 0.098—0.391 1.563—12.5 3.125—125
Salmonella typhimurium serum 0% 0.007 0.013 0.195 0.195

10%  0.007 0.013 0.391 0.391

25%  0.007 0.007 0.391 0.781
Kiebsiella spp.(2) serum 0% 0.004-0.013 0013—0.025 0.098—0.195 0.098—0.391

10% 0.004—0013 0.013—0.025 0.098—0.781 0.391—-1.563

25%  0.007 0.007—-0.013 0.195—-1563 0.391—3.125
Enterobacter cloacae(2) serum 0% 0.013—-0.025 0.025-—0.049 0.195 0.195

10% 0.013—0.025 0.025—0.049 0.391 0.781

25%  0.013-0.025 0.013—0.025 0.319—1563 0.781—1.563

*: MHA+10% horse serum

T 3L Y Zlog velgrl

HUdHASEo ofst X2 Fo-—AF 3]
Aoz EDyE AHE3dl7] $13te] DWQ-0134] in
vivo S dE2FE vlwalgiciTable 7). L
GokdFel S aurews Smith, S. aureus giorgio %
S. pyogenes A77°) H3jx DWQ-0132 tZEA4
CPFX®x} EDspX|7} 2uollA a1 8u) $-=3}ich
28442 E. coli 0783} P. aeruginosa E-2¢) )3t
DWQ-0132- tj=x=E3<el CPFXXr} EDs37} 4~20
B Gojxls Aoz Jehgrh

e st BE—F. coli 0299 54 DWQ-0132
Aeste] W 2217 ¥, dAv)Aos B3I AHE
Fig. 59 Jehfiglch. 0.049 pg/mi o]Ake] FEel A
FA L Aol7t Tolube o] WA= e, 0195
ug/ml 5= oA AAE Al e bulger} A
o] o] Apd=E Aol FAFUk S aureus
Smithel] thgt e #2-L Fig 69l LIehsich DWQ-
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Table 7—Protective effects of DWQ-013 and Ciproflo-
xacin in mice

Strains Drug Challenge dose MIC EDs,
(cfu/mouse) (ug/ml) (mg/kg)
S. ayreys DWQ-013 0.006 2.70
—— 8% 106
mith  —ppx 38 005 1103
S. aupeus, DWQ-013 0.002 12.38
1 e e— .0X
BIOTBIO TCPRX 90X 105 >100
S. pyogenes DWQ-013 0098 >50
- . X 3
&7 opFx X1 301 >100
B oo g DV 0013 >50
- o CPFX ‘ 0007 241
P nosa DWQ-013 , 1563 >100
ae’g:g} CPFX 72x10 0.781 24.57

Calculated by Litchfield-Wilcoxon method(95% Confidence
limits), P<0.05. Drugs were administrated orally to mice
at 1h after infection.

Mucin was added at 5% of final concentration.
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control 1/4 MIC(0.49 ug/nl) 1/2 MIC(0.89 gg/ml)

MIC(0.195 geg/ml) 2 MIC(0.391 pg/ml) 4 MIC(0.781 ug/ml)

Fig. 5—Microscopic observation of E. coli 029 exposed to DWQ-013 (3X1000).
control 1/4 MIC(0.0015 pg/ml) 1/2 MIC(0.003 ug/ml)

MIC(0. 006 zg/ml) 2 MIC(0.013 zg/ml) 4 MIC(0.025 pg/ml)

Fig. 6—Microscopic observation of S, wreus Smith exposed to DWQ-013(X 1000).
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