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Abstract - The in vitro and in vivo antibacterial activity of DW-116, a newly synthesized fluoroquinolone,
were compared with those of other quinolones. DW-116 exhibited more potent antibacterial activity than
rufloxacin and lower activity than ofloxacin and ciprofloxacin in in vitro assay. But, DW-116 particularly
showed strong activity against the family of staphylococci including methicillin-sensitive staphylococcus and
its activity was more active than that of ciprofloxacin. The time-kill curve studies showed rapid bactericidal
activity for DW-116. The post-antibiotic effect of DW-116 was observed between 0.66 and 5 hours. The
therapeutic efficacy of DW-116 against respiratory infection with P. aeruginosa was as strong as that of
ciprofloxacin and its effect against urinary tract infection with E. coli was more effective than rufloxacin. The
excellent therapeutic efficacy of DW-116 against these local infections is due to its good pharmacokinetic

profiles.
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Table I. Antimicrobial activity of DW-116 and other quinolones against aerobic bacteria.

MIC (ug/ml}

Microorganism
DW-116 rufloxacin ofloxacin ciprofloxcin

<Gram-positive>
S. aureus FDA 209P 0.39 0.39 0.2 0.2
S. aureus Smith 0.39 0.78 0.2 0.1
S. epidermidis ATCC 12228 0.78 0.78 0.2 0.1
S. pyogenes 1ID §-23 25 25 1.56 1.56
E. faecalis IFO 12580 25 25 3.13 1.56
S. pneumoniae Type 1 3.13 6.25 0.78 0.39
S. pneumoniae Type II 6.25 25 1.56 1.78
S. prneumoniae Type I 6.25 12.5 1.56 0.39
B. subtilis ATCC 6633 0.2 0.2 0.05 0.024
<Gram-negative>
E. c¢oli NIHJ IC-2 0.39 0.39 0.05 <0.006
S. flexneri komagome 0.1 0.2 0.05 <0.006
S. typhi NCTC 8393 0.012 0.1 0.006 <0.006
C. freundii IFO 12681 <0.006 0.024 0.006 <0.006
K. pneumoniae NCTC 9632 02 0.39 0.05 0.012
E. aerogenes IFO 12079 0.39 0.78 0.1 0.024
E. cloacae ATCC 13047 0.39 0.78 0.1 0.012
S. marcescens IFO 12648 0.39 0.39 0.2 0.012
P. mirabilis 1287 0.78 0.78 0.1 0.012
P. vulgaris NCTC 8313 0.39 02 0.05 0.012
M. morganii IID kono 0.78 0.78 0.1 0.012
P. geruginosa ATCC 10145 3.13 12.5 0.78 02
P. aeruginosa NCTC 10490 3.13 12.5 1.56 0.2
H. influenzae ATCC 9833 0.2 0.39 0.024 <0.006
H. influenzae ATCC 9327 0.1 0.2 0.006 <0.006
A. calcoaceticus AC-54 0.78 1.56 0.02 0.2
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Table XI. Antimicrobial activity of DW-116 and other quinolones against anaerobic bacteria

Microorganism MIC (ug/mb)
DW-116 rufloxacin ofloxacin ciprofloxcin
<Gram-positive>
P. anaerobius ATCC 27337 3.13 25 0.78 0.78
P. magnus ATCC 29328 3.13 25 0.39 0.2
P. asaccharolyticus ATCC 14963 6.25 125 6.25 0.78
S. intermedius GAI 1157 12.5 50 3.13 3.13
P. acnes ATCC 6919 12.5 50 1.56 0.78
C. difficile ATCC 17859 50 100 12.5 12.5
C. perfringens ATCC 13123 0.78 3.13 0.39 0.39
<Gram-negative>
B. fragilis GM 7000 25 100 313 6.25
B. thetaiotaomicron WAL 3304 50 100 12.5 25
B. melaninogenicus GAI 5596 25 25 1.56 1.56
F. nucleatum ATCC 25586 12.5 50 1.56 3.13
V. parvula ATCC 10790 6.25 3.13 0.78 0.2
C. gingivalis ATCC 33624 0.39 0.39 0.1 0.05
Table IIL In vitro activity of DW-116 and other quinolones against clinical isolates. Inoculum size 10° CFU/ml
Microorganism Drug Range (pg/ml) MIC;, (g/ml) MICyy (Mg/ml) MICq, (Ug/ml)
DW-116 0.39-1.56 0.78 0.78 0.78
MSSA RFLX 0.78-3.13 1.56 1.56 1.56
(27 strains) OFLX 0.39-0.78 0.39 0.78 0.78
CPFX 0.39-1.56 0.39 0.78 1.56
DW-116 25-»100 100 =100 >100
NQR-S. aureus RFLX 100 100 100 100
(24 strains) OFLX 12.5->100 50 50 50
CPFX 25-»100 100 =100 =100
DW-116 0.78-100 1.56 1.56 3.13
S. epidermidis RFLX 0.78-100 1.56 1.56 6.25
(27 strains) OFLX 0.3-6.25 0.39 0.39 0.78
CPFX 0.2-6.25 0.39 0.39 0.78
DW-116 3.13-100 6.25 12.5 12.5
S. pneumonia RFLX 6.25-50 12.5 25 25
(18 strains) OFLX 0.78-6.25 1.56 3.13 3.13
CPFX 0.39-3.13 0.78 1.56 1.56
DW-116 0.2-6.25 0.39 0.78 313
E. coli RFLX 0.39-6.25 0.78 0.78 6.25
(27 strains) OFLX 0.05-0.78 0.1 0.2 0.39
CPFX <0.006-0.39 0.012 0.024 0.1
DW-116 1.56-6.25 3.13 6.25 6.25
NQS-P. aeruginosa RFLX 6.25-12.5 6.25 12.5 12.5
(24 strains) OFLX 0.78-1.56 1.56 1.56 1.56
CPFX 0.1-0.39 0.2 0.2 0.2
DW-116 50-=100 >»100 >100 =100
NOR-P. aeruginosa RFLX 100->100 =100 >100 =100
(27 strains) OFLX 6.25->100 100 >100 =100
CPFX 1.56->100 100 >100 =»100
DW-116 1.56-3.13 313 3.13 313
P. mirabilis RFLX 1.56-6.25 3.13 6.25 6.25
(27 strains) OFLX 0.2-0.78 0.2 0.39 0.39
CPFX 0.024-0.39 0.05 0.1 0.1
DW-116 0.05-1.56 02 0.78 1.56
C. freundii RFLX 0.39-3.13 0.78 1.56 1.56
(24 strains) OFLX 0.05-0.78 0.1 0.39 0.39
CPFX <0.006-0.2 <0.006 0.1 0.1

NQS: New quinolone Sensitive Strains. NOR: New quinolone Resistant Strains.
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Fig. 1. Time-kill curves of DW-116 against MRSA C-57, S. aureus Smith, P. aeruginosa E-2. S. pneumoniae ATCC 6303. Agents
were added to a logarithmic-phase culture at zero time at 1/4 (W), 1 (A) and 4 (M) times the MIC. A control (@) was also

included.
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Microorganism Drug MIc PAE
(ug/ml)  (hour)
DW-116 0.2 1.24

MRSA C-57 Ciprofloxacin 0.2 0.2
Sparfloxacin 0.06 1.21
DW-116 0.2 3.12

S. aureus Smith Ciprofloxacin 0.2 3.73
Sparfloxacin 0.06 2.25

DW-116 1.56 5

P. aeruginosa E-2 Ciprofloxacin 0.39 5
Sparfloxacin 0.78 3.35
DW-116 1.56 0.66
S. pneumoniae ATCC  Ciprofloxacin 0.2 1.19
6303 Sparfloxacin 0.1 1.27
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Fig. 2. Therapeutic efficacy of DW-116 (MIC: 6.25 ug/ml),
rufloxacin (MIC: 12.5 ug/ml) and ciprofloxacin (MIC: 0.39 ug/
ml) on the experimental respiratory infection challenged with
P. aeruginosa E-2 in rats. Each result represents the mean=*
S.D. (n=6) and inoculum size was 7.4x10°CFU per ral.
**Significantly different from control (P<0.01). "Significantly
different from rufloxacin (P<0.01).
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Fig. 3. Therapeutic efficacy of DW-116 (MIC: 0.012 ug/ml),
ofloxacin (MIC: 0.006 ug/ml) and rufloxacin (MIC: 0.2 ug/ml)
on the ascending urinary tract infection challenged with E.
coli 0-444 in mice. Each result represents the mean+S.D.
(n=5) and inoculum size was 1.7x10° CFU per mouse.
**Significantly different from control (P<0.01). *Significantly
different from rufloxacin (P<0.01).

oxacin®t} A $<8}37(P<0.01), ciprofloxacinel] ]34
% o7t 953 Hol Helu, frefAdsl= wh AT 2
2 He)x] ohol F5 B AN} AAHAL) o] uhs
rufloxacin& P. aeruginosa®] kel el ofFH k=
Hol|7] gkglkeh.
LEZY A
E. coli 0-444%- 1.7x10° cell/moused] 52 A% &

Zol| o8] 22719 " k22 DW-116¢] gk 2|2 &35}
5 b A e} u|aslsichFig 3). oFE F ARTellA]
ARG AFes o 10°CFU7MA] Z718ledth. DW-1162
4, 20 mg/kge] SFe R ATR] Pg uf Aolgle E
coli®] =7} AA Fo] E o}, F L3k diF )&
2l &3 #el5)R] 9okvl. DW-1162 rufloxacin ok
3 FEAd-S B3, ofloxacinie tHEE HoE
vt

 #

DW-1162 c}= fluoroquinolone &3} W Bof, 23
AT aEeFAd o] Aty FHA in viroshg 2~
EFL 7 A2 dhAoln) o] ol ARgEk i RE
o] TEFE WE DW—116£] AukAEq £HL muflox-
acin (SorianoZ-, 1994)¥ x} ==&}yl 1, ciprofloxacin, oflox-
acin, sparfloxacini= 55 == G435 28 S vy} P
aeruginosas EIEF 7|4 .'1.1"~°—/‘4'7+01] t&led DW-
1162 Az o] & Fell g 7+95 e A= 2 9lE cipro-
floxacin B.rls kAR Ayl o 2 22 MICE Ho]
AT 3714 2RPUTA] A DWIlE] FFEe
ciprofloxacine |t} ofloxacin$tE $8A = %A% ruflox-
acin®.rl= 93t FHEe Be] Fgiclk v DW-
1162 v %3} thxekE-Eo] 182470} staphylococci
o &t ZFA Bl streptococciof] hHEF 7 /‘*f’] okz)
o} o2l gt Ak T ookl s HAE ebd
i )% ciprofloxacin®} ofloxacinel| 4] F=2iA] 74] et
tHMaureen 5, 1993). C. perfringenz} C. gingivalisg | %]
g R #3714 gl disid s 2E A RIgst

] v /‘}:E}

QdAyBe) el FHEEWA S aureus, S. epidermidis,
S. pneumoniae $-& ETEF3T Q)T T it
DW-1162 mufloxacin® t} oF 1-20] 7}5k sl-f&AdL vy
O, o x| A8 7keA S aureusoﬂ sl 4] ciprofloxacin
2 ofloxacin® £53F ZhpA] RE-E 71EH 7, R F5F
o thaflAe ok BEEAS e} ok, 53]
S. pneumoniae®} S. aureust<d 2] x| £ ol W} fluoroquino-
101164 Aol AEEs =4 o) 71 £ 2HZE tFH

E]—(Robert 1995). o)el & ZrakebAd ol Wisted A)rd
48 7T e AEEA A AT A2 B

93 ANY AL A4 L ko 2Ue
wr2o] glc}. sparfloxacin, temafloxacin, trovafloxacingo]
olzldt xH o2 Wil HEE2aA Hal AuFolA
L} e -] 9] o, S preumoniaed]] tHEF =43 E9-F

HkE s} 57 ¢]ch(Eliopoulos 5, 1993; Dwight 5, 1987; Sa-
chiko %, 1991). DW-116% o]aﬁ} FHA R Szl A2

r;o mﬁ'.



M F=E oA DW-1168 in vitro Y in viveo BrEH 193

= Al e}

gHH, DW-116 P. aeruginosaE]- E. colidl| )& &3&7]
9% 8 2RIAYI B A BEAE BTk A=
73" HelA P. aeruginosas AA st AdEI= DW-
116¢] mufloxacin®¥ v} &% $<3 5, ciprofloxacin® the
ot2} $<raksich. ohe o] 2 EAANAE E. coliol ool
DW-1162] MIC7} ofloxacin®t} 2v] ZHSolx E1&w
Ao e g X B &7} mr] @it ol= DW-116¢]
o Ale) FEEEA AR LT 7] Aol 5 7
TFRoleo mE o2 AWEEAE A3, DW-1169]
Coac®} Tip7} mafloxacin® o) 26 32 212 29l 7 AUC
FAE 3 S el el S0 =g
DW-1162 mufloxacin e} w2 F4o} A 28] 22 Cpa
€ /M3, AUC, Ty, aFu &2 8|27 ks l?] ek
(Lee, 1995: Lee%-, 1995).

HAEHOZ, DW-1162 in viroZo] sl = B3]
2, FERA eI A S5} O thwekes) w2
1t $ell BR 19 13 2ol AP AL B2
2 AHRE OT A AT F2I e L

2 P2ER, $9 AUC, 21 uizh7] 2 22 AAo)
51 e FEFADE 245 27 B2le) Y AL
B, A EAle o3 42 A4 Flolr)

i)
rak

=
e

Carlson, J. R., Thomton, S. A., DuPont, H. L., West, A. H.
and Mathewson, J. J. (1983). Comparative in vitro activity
of ten antimicrobial agents against bacterial enteropathogens.
Antimicrob. Agents Chemother. 24, 509-513.

Daniel, T. W. C. and Prabhavathi, B. F. (1989). Structure-ac-
tivity relationships of the fluoroquinolones. Antimicrob.
Agents Chemother. 33, 131-135.

Dwight, J. H., Robert, N. S., Dena, M. H., Nancy, R. R., Ro-
bert, R. B., Charles, W. H., Daniel, T. W. C,, and Pra-
bhavathi, B. F. (1987). Comparative antibacterial activities
of temafloxacin hydrochloride (A-62254) and two refer-

ence fluoroquinolones. Antimicrob. Agents Chemother. 31,
1768-1774.

Eliopoulos, G, M., Klimm, K., Eliopoulos, C. T., Ferraro, M.
J. and Moellerdng, R. C. (1993). In vitro activity of CP-99,
219, a new fluoroquinolone, against clinical isolates of
grampositive bacteria, Antimicrob. Agents Chemother. 37,
366-370.

Lee, D. K. (1995). Pharmacokinetic study of a new Qui-
nolone, DW-116. Drugs (suppl.2). 49, 323-325.

Lee, W. Y., Hwang, Y. H., Sung, S. K., Moon, E. Y., Chung,
Y. H,, Yoon, S. J. and Lee, D. K. (1995). The phamaco-
kinetic studies of DW-116. 35th Intersci. Conf. Antimicrob.
Agenis Chemother. (Sept. 17-20, San Francisco) Abst. F
196.

Maureen, C. S., Brian, W. C., Charles, H. N., Richard, Q. and
Michael, T. L. (1993). Evaluation of the efficacy of cipro-
floxacin against Strepfococcus pneumoniae by using a
mouse protection model. Antimicrob. Agents Chemother.
37, 234-239.

Robert, F. 8. (1995). Antibiotics that resist resistance. Science.
270, 724-727.

Sachiko, G. and Shuichi, M. (1991). In vitro and in vivo anti-
bacterial activity of a new quinolone, sparfloxacin: Chemo-
therapy 39(5-4), 13-29.

Siefert, H. M., Maruhn, D., Maul, W., Forster, D. and Ritter,
W. (1986). Pharmacokinetics of ciprofloxacin. Drug Res.
36, 1496-1502.

Soriano, F., Fernandez-Roblas, R., Juan, C. L., Pilar, G. C.
and Lorenzo, A. (1994). Comparative activity of rufloxacin
with five other antimicrobial agents against bacterial en-
teric pathogens. J. Antimicrob. Chemother. 34, 157-160.

Paton, J. H. and Reeves, D. S. (1988). Fluoroquinolones an-
libiotics: microbiology, pharmacokinetics and clinical use.
Drugs 36, 193-228.

Prabhavathi, B., Fernandes, D. T. W., Robert, R. B., Kenneth,
P. I, Nancy, R. R. and Nathan, S. (1986). In vivo evalu-
ation of A-56619 (Difloxacin) and A-56620: new aryl-flu-
oroquinolones. Antimicrob. Agents Chemother. 29, 201-20.

Wolfson, I. 8. and D. C. Hooper (1985). The fluoroquinolones:
structures, mechanisms of action and resistance, and spec-
tra of activity in vitro. Antimicrob. Agents Chemother. 28,
581-586.



