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4-oxo-4 H-[1, 3]thiazeto[3, 2-a]quinoline-3-carboxylic
acid & Wy, 1B R C, H FN,O:S, 2 F& 461.47 Dt
ROLKEBDOEREOMETH 5, £/, NM44l OFENH
KK TH 5 NM394 i31b2#¥ 4 % (£)-6-fluoro-1-methyl-4-
oxo0-7-(1-piperazinyl) -4 H-[1,3]thiazeto[3, 2-a]quino-
line-3-carboxylic acid & \» \», 4 F & C,sH,FN,0,S,
DFRMIOBBELRL LREBOEREORKTH 2,
NM441 8 X 1F NM394 i3 quinoline B D 1 fif & 2 {if % 4
v EEL 4 ABRME & LT thiazeto quinoline B %2 H ¥
IR L EEE B L T 3,

SEl, H&E NM441 O in vitro B & U in vivo B
2T, ofloxacin(OFLX)?Y, ciprofloxacin (CPFX)?2, eno-
xacin(ENX)® & & Uf tosufloxacin(TFLX)* % HL# 3 » L
THEZ OMEFHIRIT 21T o LD THRET 5,

I. XBME&ELURE

1. EFAE%

BERGFED V7 LBHE 165, 77 LARME 35 #,
BRI 11 ¥k B & CERIRA KL & 538 X Wtz Staphylo-

coccus aureus 37 Bk, methicillin [t S. aureus 38 £,
Staphylococcus epidermidis 358k, Streptococcus pyogenes
34 BR, Streptococcus pneumoniae 31 #&, Enterococcus
Jaecalis 40 £k, Enterococcus faecium 30 ¥k, Entero-
coccus avium 148K, Escherichia coli 43k, Citrobacter
Sfreundii 34 #R, Enterobacter cloacae 42 ¥k, Entero-
bacter aevogenes 43 ¥k, Klebsiella pneumoniae 43 ¥k,
Proteus mirabilis 43 £k, Proteus vulgaris 43 ¥k, Morga-
nella morganii 43 ¥k, Providencia rettgeri 43 ¥k,
Serratia marcescens 43 ¥k, Pseudomonas aeruginosa
42 ¥k, Acinetobacter calcoaceticus 40 ¥k, Haemophilus
influenzae 48 ¥k, Moraxella catarrhalis 10 Bk % {ERA L
720

2. HHEY

NM441 8 & O NM394 13 HAF EERESH TERE
N7 D xR, in vitro DFER 1 NM394 %, in vivo
DABRICIINMAl 2 EH L7, 72, HhBEEL LT
OFLX (BE—#1%K), CPFX (/1 =V #&), ENX (K
BARBE) 8L TFLX (BEUMLEIE) onwFhbh
ffiDBE & iz b D EAWI,

3. BERMAIER

SERIRZMERIE W BTz > TE, BTEEIC Trypto-soya
broth (TSB, HZAKRE), X524 HIE AL Heart

* T 607 FESH LR X e YT 5
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infusion agar (HIA, HK&ZE) %Hw THELEEE
Yo R/NEEHEIEBE (MIC) BIEED L T, BEE
% 10°CFU/ml £ L T, 37°C, 20 B§fSEE% 0 MIC
(ug/ml) %K & 7z, 7272 L, Streptococcus & 8 & U
Corynebacterium diphtheriae 12 & 10% 85 & 4 5 11 %
2¥shn U 72 HIA 2, H. influenzae i 13 5% Bacto
Fildes enrichment (Difco) #¥sinL7: HIA %, X512
M. catarrhalis 213 10% Bifi#E /5 M hn HIA %+ =2 2
V— NEXREME U THW, %72, Neisseria Bz o
VTR 10%BRMERIMBEARML 72 F 33— pEX
R HIERAREE U, 3T°CT48 B o — v v 5%
DO MIC 23K 7z, BERMERIC D W TR E I GAM
broth (B7/K&IEK), HIFEMIZ GAM agar (H/KSI%) %
A THREEREZSHIEE MIC #IE5S 1 # L
TiT2 72,

4. IEHCRIZTHERTFOZE

PUE I RIZ 3 55O fE%E, $54h pH, BMERINS £
VEERBOREICOWT, S aureus Smith, E. coli
KC-14 B & U P. aeruginosa E-2 3 RBE LT, &KX
FRFREC L VR L2 BETWCH 2> T3, BEH
BOREUNIBEEEE ® 10°CFU/ml £ L T, 37°C,
20 B¥fEsEE B O MIC 23K 07z,

EMORZEORETICIX, BIEEH L L T HIA, Sensi-
tivity disk agar (SDA, KHHMt%¥), Trypto-soya agar
(TSA, BASE) B XU Nutrient agar (NA, Hrk#
&) 2ERAL,

B4 pH OREORSHCIZ, BIEEM & L T pH5.5,
708XV 8.5 TR L HIA 2Hwiz,

MERMOEEDOREN X, FIELEH & L CHEELE
M&E% 0, 10, 25 B L U 50%ic 72 % & 5 EML 7z HIA
EHERALL,

EERBEOXE OV, BEEERH 105 10°, 107
BLUI10® & LTHRETL 720

5. HMEMRICRIZTE

TSB T—#% % U7z S. aureus Smith, E. coli KC-
14, S. marcescens T-55 8B & O8N P. aeruginosa E-2 %
Heart infusion broth (HIB, H/ASIZ) c#E&EL, &5
WCIREBESE 2550, MEOADH L 7% o R E TEER
BINL7z. D%, EEECEREZERL, £HEEEHIE
L7z,

6. BENER

Antibiotic medium 3 (Difco) TX %I £ THETE
S/ S. aureus FDA 209P JC-1, E. coli K-12 W3110
BE UV P. aeruginosa PAO1 2 EHE L, S. aureus 8L U
E. coli 22T iz 10mM glucose /il 50mM potassium
phosphate buffer (pH7.0) T, P. aeruginosa i 2Tl
200mM glucose /il 50mM potassium phosphate buffer
(pH7.0) T#e¥itk, ZnZhE U buffer CHEEL /2,
B b BB A0ug/ml L2 5 &S WML, ¥

HINER, 10 B L U 30 2%, Chapman 5” O F I
EUTHNAIERERIC LD, REREEREEH- D OBEEN
EVMBEYRAE L, &8, MBI 2EENEY
RERZNZNEDRINEROBERZ LI WTRDI,

7 EREREOEE

E. coli KC-14, S. marcescens T-55 8 & UF P. aeru-
ginosa E-2 CEYEER & €12 £ 2 DL » fiitH
EEME (BEKXF) L VBELL,

AT7A R T I7ALRER LI EME S HIA O#EE
RR LW, A EOBEBREBE L e AN—T T A %
DE, RNT7T74 Y THALEY LEEBE T, A6
% ITCIERSR I UEE 5, —ERFM 2 L s hiitizE
BEHMETHE L 2,

8. =V AKERMNE B RBRYE

S. pyogenes C-203 B L U S. pneumoniae Type iZ
DWW 10%EMmEN HIB 2 Awv T 37°C, 18~20 BFi
BELEK® HIB CHARUEERAERE L, o
BIBRIZ D V> Tid Nutrient broth (NB, HASIEE) ¢ 37°C,
18 RFEIREE L 7o t, RIBSMICHEESARL, 6% gastric
mucin (Nutritional Biochemicals Corporation) & & &
BELEERERE Uiz, LR L VAR EERE
Wz 1R 100 ddY &, @~ v R (18%1g) W EEENE
B3 Li Ve GRAELERS Y, 2BMRICE
Rz 1 HREORE L2, 28, NM44licowTlid
0.5% hydroxypropyl cellulose (HPC-SL, HZA&®E),
OFLX 8 L UENX DWW TiZ 0.5% carboxy methyl-
cellulose (CMC, HBEMEE) * A T#EILL, CPFX
KDOWTREEBEATERL TRE LT, BRIPEHER)
ROHBEHI>TIHEEES~6 HREDEERL S
Probit }kiC & O EHOBW % £HFE LD 5 HE (ED;, -
mg/kg) #HHL, SIROMEEL Lz, 25, NM44l
BEIZ NM394 a8 L L7,

. & & &8

1 FIEARZ hL

HEZERED 7 7 LBME, 77 L2BNMES L UBSHE
BCX T % in vitro TENIC OV TR LI EE %,
Table 1~3ZR" L7z, NM3%i2 7 5 A M E 788
16 BRI X L T 0.10~1.56ug/ml ® MIC f& % 7% L,
TFLX £ D %572, ENX X h#Eh, CPFX B L U
OFLX L ZIZEIZEDOHE I 2R LTz, 77 ARRME 22
WREBEEKICNL Tk 0.012~1.56g/ml @ MIC &
Z/"L, CPFX X V%5743, ENX & h#h, OFLX,
TFLX t B XRAFOMEHE R L2, — 7, HIAME
WXL Tid=0.006~>100ug/ml ® MIC fE %R L, B
ML) MICECAEZELRD Sht, ZOHT
Bacteroides J& 5 WX L T 0.78~>100ug/ml T
HY, moMICEEZRTEELH - 72,

2 RSB T BHES

BRI BER D NM394, OFLX, CPFX, ENX
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Table 1.  Antibacterial activities of NM394, ofloxacin, ciprofloxacin, enoxacin and tosufloxacin against gram-positive bacteria

MIC (ug/ml)®

Organism NM394 ofloxacin ciprofloxacin enoxacin tosufloxacin
Staphylococcus aureus 209-P JC 0.10 0.39 0.10 0.78 0.10
Staphylococcus aureus Smith 0.20 0.20 0.20 0.78 0.025
Staphylococcus aureus Terajima 0.20 0.39 0.20 0.78 0.05
Staphylococcus aureus Neumann 0.39 0.20 0.39 0.78 0.025
Staphylococcus aureus E-46 0.78 0.39 0.39 0.78 0.025
Staphylococcus aureus No. 80 0.78 0.39 0.78 1.56 0.025
Micrococcus luteus ATCC 9341 1.56 1.56 1.56 12.5 0.78
Streptococcus pneumoniae type 1 0.39 0.78 0.39 3.13 0.10
Streptococcus pneumoniae type 11» 0.20 0.78 0.39 1.56 0.10
Streptococcus pneumoniae type I 0.39 0.78 0.39 3.13 0.10
Streptococcus pyogenes S-23% 0.20 0.78 0.39 3.13 0.20
Streptococcus pyogenes Cook® 0.20 0.78 0.39 1.56 0.10
Streptococcus pyogenes C-203» 0.20 0.78 0.39 3.13 0.20
Enterococcus faecalis KP-1% 0.39 1.56 0.78 6.25 0.39
Bacillus subtilis ATCC 6633 0.10 0.05 0.012 0.20 <0.006
Corynebacterium diphtheriae Toronto® 0.10 0.10 0.05 0.39 0.05

® Inoculum size: 10° CFU/ml
Medium : heart infusion agar, ® supplemented with 10% horse blood

Table 2. Antibacterial activities of NM394, ofloxacin, ciprofloxacin, enoxacin and tosufloxacin against gram-negative bacteria

MIC (ug/ml)®

Organism - ; : - -
NM394 ofloxacin ciprofloxacin enoxacin tosufloxacin

Neiserria gonorrhoeae KP-1% 0.025 0.025 0.012 0.10 0.025
Neiserria meningitidis KP-1® 0.025 0.05 0.025 0.10 0.025
Escherichia coli NIH JC-2 0.05 0.10 0.012 0.20 0.025
Escherichia coli NIH 0.025 0.025 =0.006 0.10 =0.006
Escherichia coli K-12 0.025 0.05 <0.006 0.10 0.025
Escherichia coli KC-14 0.05 0.05 0.012 0.20 0.025
Citrobacter freundii NIH 10018-60 0.10 0.20 0.05 0.20 0.20
Salmonella typhi T-287 0.05 0.025 0.012 0.20 0.012
Salmonella typhi 0-901 0.012 0.012 <0.006 0.10 =0.006
Salmonella paratyphi A 0.025 0.05 <0.006 0.10 0.025
Salmonella paratyphi B 0.05 0.05 0.012 0.20 0.025
Salmonella enteritidis KP-1 0.025 0.05 <0.006 0.20 0.025
Shigella dysenteriae EW-7 0.05 0.10 0.012 0.20 0.025
Shigella flexneri 2a EW-10 0.025 0.05 0.012 0.20 0.025
Shigella flexneri Komagome 0.025 0.05 0.012 0.20 0.025
Shigella boydii EW-28 0.025 0.05 <0.006 0.20 0.05
Shigella sonnei EW-33 0.025 0.05 =0.006 0.10 0.012
Klebsiella pneumoniae KC-1 0.05 0.05 0.012 0.20 0.025
Klebsiella pneumoniae DT-S 0.05 0.05 0.025 0.20 0.05
Klebsiella pneumoniae NCTC 9632 0.025 0.05 0.012 0.20 0.025
Enterobacter cloacae NCTC 9394 0.10 0.10 0.025 0.39 0.05
Enterobacter aerogenes KP-1 0.20 0.39 0.05 0.78 0.10
Enterobacter aerogenes NCTC 10006 0.10 0.10 0.05 0.39 0.05
Hafnia alvei NCTC 9540 0.025 0.05 <0.006 0.10 0.05
Serratia marcescens IFO 3736 0.20 0.39 0.10 0.39 0.39
Serratia marcescens T-55 0.39 0.20 0.10 0.39 0.20
Proteus vulgaris 0X-19 0.20 0.05 0.10 0.20 0.20
Proteus mirabilis 1287 0.10 0.10 0.025 0.20 0.20
Proteus mirabilis 181 0.10 0.20 0.025 0.39 0.20
Morganella morganii Kono 0.20 0.20 0.025 0.39 0.10
Providencia rettgeri NIH 96 0.20 0.05 0.10 0.10 0.10
Pseudomonas aeruginosa No. 12 0.20 0.78 0.20 0.78 0.20
Pseudomonas aeruginosa NC-5 0.20 0.20 0.025 0.20 0.05
Pseudomonas aeruginosa E-2 0.39 0.78 0.20 1.56 0.39
Acinetobacter calcoaceticus Ac-54 1.56 0.39 0.78 3.13 0.20

® Inoculum size: 10° CFU/ml
Medium : heart infusion agar, » chocolate agar
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Table 3. Antibacterial activities of NM394, ofloxacin, ciprofloxacin, enoxacin and tosufloxacin against anaerobic bacteria
. MIC (ug/ml)®
Organism -
NM394 ofloxacin ciprofloxacin enoxacin tosufloxacin

Clostridium tetani KP-1 0.05 0.20 0.10 0.78 0.025
Clostridium perfringens KP-1 0.78 0.78 0.78 3.13 0.20
Clostridium sporogenes KP-1 0.10 0.20 0.10 0.78 0.012
Bacteroides fragilis GM 7000 6.25 1.56 3.13 12.5 0.39
Bacteroides fragilis ATCC 25285 3.13 0.78 3.13 12.5 0.20
Bacteroides thetaiotaomicron 5600 50 6.25 25 25 0.78
Bacteroides distasonis clin-99-3 12.5 12.5 12.5 12.5 0.78
Bacteroides vulgatus ES-14 0.78 0.20 0.78 3.13 0.20
Bacteroides ovatus JU-6-1 >100 50 >100 100 6.25
Peptostreptococcus asaccharolyticus ATCC 14953 =0.006 0.20 1.56 =0.006 =0.006
Peptostreptococcus magnus ATCC 14952 0.39 6.25 1.56 1.56 0.10

® Inoculum size : 10° CFU/ml
Medium : GAM agar

LU TFLX e 2 B4 % Table 4 1/R L 7z,

HERIIMICED S AEH B L 1550% (MICs,)  721390%
(MICyo) DERDERE X HE L 2 BE & L TRLT, S
aureus, methicillin fittd S. aureus B L U S. epidermidis
WXt 3§ 5 NM394 & MICy, fE 1k 2 £ 1.56, 12.5
BLU0.39ug/ml &, TFLX X D4 57-8ENX kb
Eh, OFLX D 0.78, 6.25 8 X 11 0.78ug/ml, CPFX
D1.56, 258 X 10.39g/ml £ I ZIZEIFDOIRME ST
bolzo S pyogenes B X 'S, pueumoniae 12Xt 4 5
NM394 @ MIC,, fH 1& Z 1L £ $10.78, 6.25ug/ml &,
TFLX LB LEIE 2 W L L5728 ENX £ D Eh,

OFLX @ 1.56 8 & f3.13ug/ml, CPFX 0 0.78 8 &

U3.13ug/ml L ZRRAIZDOME NI THo7z, E. fae-

calis, E. faecium B X U E. avium 233 5 NM394 0
MIC,, fEiZZ N Zh 1.56, 3.13 B L U 1.56ug/ml TH
D, TFLX 0 0.39, 3.13 8L 11 0.39ug/ml & L LA
ERVLLPRESMBENX L hEh, £/ 0FLX D
3.13, 6.25 8L U3.13ug/ml £ D 2 BN Tz, —
%, CPFX ™ 1.56, 3.13 8 X 18 0.78ug/ml & 1iZiZfE

EThote, E. coli, C. freundii, E. cloacae, E. aero-

genes, K. pnewmoniae, P. mirabilis, P. vulgaris, M.
morganii B & ' S. marcescens \Z ¥ ¢ %5 NM394 ®
MIC,, fEiz 0.05~6.25ug/ml TH H, ENX D 0.39~25
ug/ml kD 2~84%, OFLX @ 0.1~12.5ug/ml & Lb#&
LRIFR WL 8 BN i@ %2R Lz, %7, CPFX
D 0.05~6.25ug/ml, TFLX ® 0.05~25ug/ml & L8
L, IRIZESOHE I %2R LIz, P. retigeri Tik NM394
D MICs, {E1X 0.78ug/ml, MIC,, 113 25ug/ml TH >
7zo 7z, OFLX, CPFX, ENX 8 X Uf TFLX ® MIC,,
EiZZHZh 50, 50, >100 3 & U >25ug/ml TH D,

FHECBOTEEEYHNT 2BRERHOETHRD SN
720 P. aeruginosa \ZXt3 % NM394 @ MIC,, f#13 0.78
ug/ml &, CPFX @ 0.39ug/ml 8 & OF TFLX 0 0.78ug/
ml L FAIEOREN%2RL, OFLX 8L UWENX 0 3.13
ug/ml L VBN T W, H influenzae 8 X U M. catarr-

halis 2 X33 % NM394 O MICy, {E1x Z L £ 4 0.05 B
L U0.2ug/ml THY, D4 EY L IZIZRFOIEN
P L7ce —H, A. calcoaceticus = ¥ 3 % NM394
D MICq, B 3.13ug/ml &, ENX D 2 Z5DOHE I %
ALz, MD3EMEVE 57,

3 HMEHCRIZTHERTFOEE

S. aureus Smith, E. coli KC-14 8 X U P. aeruginosa
E-212xt9 2 NM394 OfiE N RIZ T HIEREMOE
8, 553 pH, EMBEHRINE L UEEEEOZE IOV T
RET L 7cER %2 ZhZh Table 5~8 277 L7z, NM394
DHESE, BIERZH & LT HIA, SDA, TSA BL U
NA ZRHWISGHIZ LA EHESRZ T kb ol D
Rid, HBEECBWTHRKTH -7 (Table 5), 55ih
pH %55 708085 L THENCS L 2EEL
Bt LIS R, NM394 @ S. aureus Smith 1233 2 g
NZEE®Z T olh, tL&FED MIC {#ix pH5.5
T pH7.0 DFE LKL 2 ~ 4 EEWEE Ko 2o —
7, E. coli KC-14 B XU P. aeruginosa E-2 izx¢4 %
NM394 ® MIC{Eix pH7.0 £ 8. 5BV TIXRILET
Hotzd3, pHS5.5 T ZNZFN pHT7.0 DIFESD 16 B &
VC4fEEWEE D, HE&E L[ UfER %25 L7z (Table
6)o HIA CEIME XML 2B E I3, MBEBEE% 50%
ELBETH NM394 OZE R+ 2 MIC {813 2
BELUADZETH -7 (Table 7), F72, HEBEE BT
bIRIZEROBER TH-1:, BEEEORELRI L
R, BEREXI0'D 5100 L2 #7284, NM39%4
DEBEIIN T2 MICEHIZ 2 ~4 fEFWEE o7,
ZOMEEIZHBEEICB LT HRIKICED s hi: (Table
8,

4 . HETEAER I BT TR

NM394, OFLX, CPFX 8 X * TFLX @ S. aureus
Smith, E. coli KC-14, S. marcescens T-55 8 L Uf P.
aeruginosa E-2 DIEFEMRIC RIZTHE T >\ T
L7e# R % Fig. 1~4 12/ L1z, NM394 i3 & &tk 1ot
LT, 1/2MIC LA LB TEEKERN 2 REEH %=
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Table 4. Antibacterial activities of NM394, ofloxacin, ciprofloxacin, enoxacin and tosufloxacin against clinical isolates

MIC (ug/ml)®

Organism Drug
(no. of strains) Range 50% 90%
Staphylococcus aureus NM394 0.39 ~ 3.13 0.78 1.56
(37) ofloxacin 0.2 ~ 1.56 0.39 0.78
ciprofloxacin 0.39 ~ 6.25 0.39 1.56
enoxacin 0.78 ~ 12.5 1.56 3.13
tosufloxacin 0.025~ 0.1 0.05 0.1
methicillin-resistant NM394 0.78 ~ 100 1.56 12.5
Staphylococcus aureus ofloxacin 0.39 ~ 25 0.78 6.25
(38) ciprofloxacin 0.78 ~ 100 1.56 25
enoxacin 1.56 ~ 100 3.13 50
tosufloxacin 0.05 ~> 25 0.1 0.78
Staphylococcus epidermidis NM394 0.1 ~ 0.78 0.39 0.39
(35) ofloxacin 0.39 ~ 0.78 0.78 0.78
ciprofloxacin 0.2 ~ 0.78 0.39 0.39
enoxacin 0.78 ~ 6.25 1.56 1.56
tosufloxacin 0.1 ~ 0.2 0.1 0.1
Streptococcus pyogenes® NM394 0.39 ~ 1.56 0.78 0.78
(34) ofloxacin 0.78 ~ 1.56 0.78 1.56
ciprofloxacin 0.39 ~ 1.56 0.39 0.78
enoxacin 3.13 ~ 12.5 3.13 12.5
tosufloxacin 0.1 ~ 0.39 0.1 0.39
Streptococcus pneumoniae® NM394 0.39 ~ 6.25 1.56 6.25
(31) ofloxacin 0.2 ~ 6.25 1.56 3.13
ciprofloxacin 0.39 ~ 6.25 0.78 3.13
enoxacin 3.13 ~ 25 6.25 12.5
tosufloxacin 0.1 ~ 0.39 0.39 0.39
Enterococcus faecalis NM394 0.39 ~ 3.13 1.56 1.56
(40) ofloxacin 0.78 ~ 3.13 1.56 3.13
ciprofloxacin 0.39 ~ 1.56 0.78 1.56
enoxacin 3.13 ~ 25 6.25 12.5
tosufloxacin 0.1 ~ 0.78 0.2 0.39
Enterococcus faecium NM394 0.39 ~ 12.5 1.56 3.13
(30) ofloxacin 0.78 ~ 12.5 3.13 6.25
ciprofloxacin 0.2 ~ 125 0.78 3.13
enoxacin 3.13 ~ 50 25 25
tosufloxacin 0.05 ~> 25 0.78 3.13
Enterococcus avium NM394 1.56 1.56 1.56
(14) ofloxacin 1.56 ~ 3.13 1.56 3.13
ciprofloxacin 0.78 0.78 0.78
enoxacin 6.25 ~ 12.5 6.25 12.5
tosufloxacin 0.39 0.39 0.39
Escherichia coli NM394 0.05 ~ 0.39 0.1 0.1
(43) ofloxacin 0.1 ~ 0.78 0.1 0.2
ciprofloxacin 0.025~ 0.39 0.05 0.05
enoxacin 0.39 ~ 3.13 0.39 0.39
tosufloxacin 0.025~ 0.39 0.05 0.1
Citrobacter freundii NM394 0.025~ 0.78 0.1 0.2
(34) ofloxacin 0.1 ~ 6.25 0.39 1.56
ciprofloxacin 0.012~ 0.78 0.1 0.39
enoxacin 0.1 ~ 1.56 0.39 0.78
tosufloxacin 0.012~ 1.56 0.2 0.39
Enterobacter cloacae NM394 0.012~ 0.1 0.05 0.05
(42) ofloxacin 0.025~ 0.2 0.1 0.1
ciprofloxacin <0.006~ 0.05 0.025 0.05
enoxacin 0.1 ~ 0.78 0.2 0.39
tosufloxacin 0.012~ 0.05 0.025 0.05

% Inoculum size : 10° CFU/ml
Medium : heart infusion agar, ™ supplemented with 10% horse blood
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Table 4. Continued

Organism Drug MIC (ug/ml)®»
(no. of strains) Range 50% 90%
Enterobacter aerogenes NM394 0.012~ 0.1 0.05 0.05
(43) ofloxacin 0.05 ~ 0. 0.1 0.2
ciprofloxacin =0.006~ 0.1 0.05 0.05
enoxacin 0.05 ~ 0.39 0.2 0.39
tosufloxacin <0.006~ 0.1 0.05 0.05
Klebsiella pneumoniae NM394 0.05 ~ 0.78 0.1 0.39
(43) ofloxacin 0.1 ~ 1.56 0.2 0.78
ciprofloxacin =0.006~ 0.39 0.1 0.39
enoxacin =0.006~ 3.13 0.78 1.56
tosufloxacin 0.05 ~ 0.78 0.1 0.39
Proteus mirabilis NM394 0.1 ~ 12,5 0.2 0.78
(43) ofloxacin 0.2 ~ 25 0.2 0.78
ciprofloxacin 0.05 ~ 25 0.1 0.39
enoxacin 0.39 ~>100 0.78 1.56
tosufloxacin 0.1 ~> 25 0.39 0.78
Proteus vulgaris NM394 0.05 ~ 0.39 0.1 0.2
(43) ofloxacin 0.1 ~ 0.78 0.2 0.39
ciprofloxacin 0.025~ 0.2 0.05 0.1
enoxacin 0.2 ~ 1.56 0.39 0.78
tosufloxacin 0.05 ~ 0.39 0.1 0.2
Morganella morganii NM394 0.05 ~ 25 0.1 0.78
(43) ofloxacin 0.025~ 50 0.2 0.78
ciprofloxacin 0.012~ 12.5 0.05 0.39
enoxacin 0.1 ~>100 0.39 1.56
tosufloxacin 0.012~ 12.5 0.1 0.39
Providencia rettgeri NM394 0.025~ 50 0.78 25
(43) ofloxacin 0.1 ~ 100 6.25 50
ciprofloxacin 0.025~>100 0.78 50
enoxacin 0.2 ~>100 3.13 >100
tosufloxacin 0.025~> 25 0.78 > 25
Serratia marcescens NM394 0.1 ~ 6.25 0.39 6.25
(43) ofloxacin 0.2 ~ 12,5 1.56 12.5
ciprofloxacin 0.1 ~ 12.5 0.39 6.25
enoxacin 0.2 ~ 50 3.13 25
tosufloxacin 0.1 ~ 25 0.78 25
Pseudomonas aeruginosa NM394 0.2 ~ 1.56 0.39 0.78
(42) ofloxacin 0.78 ~ 6.25 1.56 3.13
ciprofloxacin 0.1 ~ 1.56 0.2 0.39
enoxacin 0.78 ~ 6.25 1.56 3.13
tosufloxacin 0.2 ~ 3.13 0.39 0.78
Acinetobacter calcoaceticus NM394 0.2 ~ 12.5 1.56 3.13
(40) ofloxacin 0.1 ~ 12.5 0.39 0.78
ciprofloxacin 0.1 ~ 12.5 0.2 0.78
enoxacin 0.78 ~ 50 3.13 6.25
tosufloxacin 0.025~ 1.56 0.1 0.2
Haemophilus influenzae® NM394 0.012~ 0.1 0.025 0.05
(48) ofloxacin 0.025~  0.39 0.025 0.05
ciprofloxacin <0.006~ 0.05 0.012 0.025
enoxacin 0.1 ~ 0.78 0.1 0.2
tosufloxacin <0.006~ 0.1 0.012 0.012
Movraxella catarrhalis® NM394 0.1 ~ 0.2 0.2 0.2
(10) ofloxacin 0.1 ~ 0.2 0.1 0.2
ciprofloxacin 0.05 ~ 0.1 0.1 0.1
enoxacin 0.2 ~ 0.39 0.2 0.2
tosufloxacin 0.025~ 0.1 0.025 0.05

® Inoculum size : 10°* CFU/ml
Medium : heart infusion agar, ® supplemented with 10% horse blood, © supplemented with 5% Fildes enrichment
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Table 5. Influence of medium on antibacterial activities of NM394, ofloxacin, ciprofloxacin, enoxacin and tosufloxacin
X MIC (ug/ml)®
Organiom Medium NM394 ofloxacin ciprofloxacin enoxacin tosufloxacin

HIA 0.20 0.20 0.10 0.78 0.025

Staphylococcus aureus Smith SDA 0.20 0.20 0.10 0.78 0.025
TSA 0.20 0.20 0.20 0.78 0.025
NA 0.10 0.20 0.10 0.39 0.012
HIA 0.025 0.05 0.012 0.20 0.025

Escherichia coli KC-14 SDA 0.025 0.05 0.012 0.20 0.025
TSA 0.025 0.10 0.025 0.20 0.025
NA 0.025 0.05 0.012 0.20 0.025
HIA 0.20 0.78 0.20 0.78 0.20

Pseudomonas aeruginosa E-2 SDA 0.20 1.56 0.20 0.78 0.39
TSA 0.20 1.56 0.39 1.56 0.39
NA 0.20 0.78 0.20 0.78 0.39

® Inoculum size : 10° CFU/ml

HIA : heart infusion agar, SDA :

sensitivity disk agar, TSA : trypto-soya agar, NA : nutrient agar

Table 6. Influence of medium pH on antibacterial activities of NM394, ofloxacin, ciprofloxacin, enoxacin and tosufloxacin
. MIC (ug/ml)®
Organism pH - - -
NM394 ofloxacin ciprofloxacin enoxacin tosufloxacin
5.5 0.20 0.78 0.39 1.56 0.05
Staphylococcus aureus Smith 7.0 0.20 0.20 0.20 0.39 0.025
8.5 0.20 0.20 0.20 0.39 0.025
5.5 0.39 0.78 0.39 1.56 0.20
Escherichia coli KC-14 7.0 0.025 0.10 0.012 0.10 0.025
8.5 0.025 0.10 0.012 0.10 0.025
5.5 0.78 6.25 1.56 6.25 0.78
Pseudomonas aeruginosa E-2 7.0 0.20 1.56 0.20 0.78 0.39
8.5 0.20 1.56 0.20 0.78 0.39

® Inoculum size : 10° CFU/ml
Medium : heart infusion agar

Table 7. Influence of horse serum on antibacterial activities of NM394, ofloxacin, ciprofloxacin, enoxacin and tosufloxacin
o . Horse serum MIC (ug/ml)®
rganism (%) - - - - -
° NM394 ofloxacin ciprofloxacin enoxacin tosufloxacin
0 0.20 0.20 0.20 0.78 0.025
Staphylococcus aureus Smith 10 0.20 0.20 0.20 0.78 0.025
25 0.20 0.20 0.20 0.78 0.025
50 0.39 0.39 0.20 0.78 0.05
0 0.012 0.10 0.012 0.20 0.025
Escherichia coli KC-14 10 0.012 0.05 0.012 0.20 0.025
25 0.012 0.10 0.012 0.10 0.025
50 0.025 0.20 0.012 0.20 0.05
0 0.20 1.56 0.20 0.78 0.39
Pseudomonas aeruginosa E-2 10 0.39 1.56 0.20 0.78 0.39
25 0.39 1.56 0.20 0.78 0.39
50 0.39 3.13 0.20 1.56 0.78

Inoculum size ; 10° CFU/ml
® Medium : heart infusion agar
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Table 8. Influence of inoculum size on antibacterial activities of NM394, ofloxacin, ciprofloxacin, enoxacin and tosufloxacin
) MIC (xg/ml)®
Organism Inoculum size - - - - -
NM394 ofloxacin ciprofloxacin enoxacin tosufloxacin
4 %108 0.39 0.39 0.20 0.78 0.05
4 X107 0.20 0.20 0.20 0.78 0.025
Staphylococcus aureus Smith 4 x10° 0.20 0.20 0.20 0.78 0.025
4 X10° 0.20 0.20 0.10 0.39 0.012
4 X104 0.10 0.20 0.10 0.39 0.012
6 x10° 0.025 0.10 0.025 0.20 0.05
6 X107 0.025 0.10 0.025 0.20 0.025
Escherichia coli KC-14 6 Xx10¢ 0.012 0.10 0.012 0.20 0.025
6 Xx10° 0.012 0.05 0.012 0.10 0.025
6 x10¢ 0.012 0.05 0.012 0.10 0.012
1.7x108 0.78 1.56 0.39 1.56 0.39
1.7x107 0.39 1.56 0.39 1.56 0.39
Pseudomonas aeruginosa E-2 1.7Xx10° 0.20 1.56 0.20 0.78 0.39
1.7x108 0.20 0.78 0.20 0.78 0.39
1.7x10¢ 0.20 0.78 0.20 0.78 0.20

® Medium : heart infusion agar
NM394 (MIC: 0.20xg/ml) ofloxacin (MIC : 0.20xg/ml)

10 10 r
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NM394 (MIC: 0.054g/ml)
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10 10r1 10 r 0r
control ' ° control I’_. control —e control |___.
/-
E
=~
2
3 6
L
)
]
z / 4
(=]
% /
Q
)
2
0 L 1 1 Jl ‘,__, 0
0 2 4 6 24
Time (h) Time (h) Time (h) Time (h)
Fig. 2. Effects of NM394, ofloxacin, ciprofloxacin, and tosufloxacin on the viability of Escherichia coli KC-14
NM394 (MIC: 0.39xg/ml) ofloxacin (MIC : 0.20.g/ml) ciprofloxacin (MIC: 0.10ug/ml)  tosufloxacin (MIC: 0.20xg/ml)
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Fig. 3. Effects of NM394, ofloxacin, ciprofloxacin, and tosufloxacin on the viability of Serratia marcescens T-55
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Fig. 4. Effects of NM394, ofloxacin, ciprofloxacin, and tosufloxacin on the viability of Pseudomonas aeruginosa E-2

Table 9.  Accumulation of NM394, ofloxacin and ciprofloxacin by Staphylococcus aureus FDA 209P JC-1, Escherichia
coli K-12 W3110 and Pseudomonas aeruginosa PAO1
MIC Concentration
Organism Drug (ug/ml) (ng/mg dry cells)
4g/m 10min 30min
Staphylococcus aureus FDA 209P JC-1 NM394 0.05 1561.9 1637.6
ofloxacin 0.20 706.8 653.8
ciprofloxacin 0.10 647.7 645.5
Escherichia coli K-12 W3110 NM394 0.012 699.3 820.3
ofloxacin 0.05 249.8 375.7
ciprofloxacin <0.006 434.9 635.3
Pseudomonas aeruginosa PAO1 NM394 0.10 563.6 790.8
ofloxacin 0.78 25.9 43.6
ciprofloxacin 0.10 122.8 1074

Bacterial cells were incubated in the presence of 40ug of drug per ml.
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0.39ug/ml 1.56g/ml 6.25ug/ml

Fig.7.  Phase-contrast micrographs of Pseudomonas aeruginosa E-2 exposed to NM394 for 3 hours

Table 10. Protective effects of NM441, ofloxacin, ciprofloxacin and enoxacin on systemic infections in mice

. Challenge dose MIC EDs, (mg/kg)
Crgagisn (CFU/mouse) Lo Drug (ug/ml) (95% confidence limits)

Staphylococcus aureus Smith 2.1Xx10¢ 184 NM441 0.20% 4.52( 3.57~ 5.55)
ofloxacin 0.20 5.97( 4.71~ 7.33)
ciprofloxacin 0.10 10.99( 9.57~ 13.73)
enoxacin 0.39 15.03( 12.34~ 17.09)

Streptococcus pyogenes C-203% 1.4x102 312 NM441 0.20® 16.65( 14.49~ 20.79)
ofloxacin 0.78 70.71( 55.23~ 90.53)
ciprofloxacin 0.39 127.92(106.17~144.41)
enoxacin 3,13 >200.00

Streptococcus pneumoniae Type 1117 2.1x10? 5.3 NM441 0.39® 23.08( 15.13~ 36.71)
ofloxacin 0.78 48.81( 34.36~ 74.39)
ciprofloxacin 0.39 112.31( 65.88~319.60)
enoxacin 3.13 >200.00

Escherichia coli KC-14 4.3x10* 54.9 NM441 0.05% 0.36( 0.24~ 0.55)
ofloxacin 0.05 0.55( 0.51~ 0.60)
ciprofloxacin 0.012 0.45( 0.33~ 0.62)
enoxacin 0.20 2.21( 1.73~ 2.83)

Klebsiella pneumoniae KC-1 5.6x10° 141 NM441 0.05® 0.56( 0.41~ 0.76)
ofloxacin 0.05 1.10C 0.86~ 1.41)
ciprofloxacin 0.012 1.18( 0.91~ 1.54)
enoxacin 0.20 4.04( 2.95~ 5.56)

Serratia marcescens T-55 4.6x10° 815 NM441 0..39% 1.92( 1.26~ 2.98)
ofloxacin 0.20 8.94( 6.25~ 13.30)
ciprofloxacin 0.10 5.54( 3.28~ 13.55)
enoxacin 0.39 7.57( 5.06~ 11.41)

Pseudomonas aeruginosa E-2 3.9x10° 579 NM441 0.39» 24.94( 19.18~ 32.56)
ofloxacin 1.56 93.00( 80.06~118.97)
ciprofloxacin 0.39 46.50( 40.03~ 59.48)
enoxacin 1.56 122.80(103.00~154.32)

Mice were infected intraperitoneally with test organism in 3% mucin. NM441 was administered at a dose equivalent to that of NM394.
Drugs were administered orally at 2 hours after challenge. EDs, values were calculated by the probit method.

¥ MIC of NM394, » Without mucin
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In vitro and in vivo antibacterial activity of NM441

Takeshi Nishino, Yoshifumi Tomii, Kazuo Shibata,
Mako Kawai, Noriko Shiotsuki and Masako Otsuki

Department of Microbiology, Kyoto Pharmaceutical University
5 Nakauchi-cho, Misasagi, Yamashina-ku, Kyoto 607, Japan

NM441 is a prodrug of a 6-fluoroquinolone antibacterial agent. When NM441 was administered orally,
it was readily absorbed and metabolized to its active form, NM394. The iz vitro and iz vivo antibacterial
activities of NM441 were compared with those of ofloxacin (OFLX), ciprofloxacin (CPFX), enoxacin
(ENX) and tosufloxacin (TFLX). NM394 had a broad antimicrobial spectrum against gram-positive and
gram-negative bacteria. The antibacterial activity of NM394 against clinical isolates of gram-positive
and gram-negative bacteria was equal to or one-half that of CPFX. NM394 was as active as OFLX
against gram-positive bacteria, and was 2 to 8 times more active against gram-negative bacteria,
including Pseudomonas aeruginosa. The activity of NM394 was not influenced by the type of medium,
inoculum size or addition of serum. The MICs of NM394 against Escherichia coli and P. aeruginosa at pH
5.5 were reduced 4 to 16 times in comparison with those at pH7.0. The bactericidal activity of NM394
against Staphylococcus aureus, E. coli, Serratia marcescens and P. aeruginosa was superior to those of
CPFX, OFLX and TFLX. NM394 was accumulated to higher concentrations than OFLX and CPFX in S.
aureus, E. coli and P. aeruginosa. In the morphological examination by the phase-contrast microscope,
NM394 induced the formation of filamentous cell and lysis of E. coli and S. marcescens, and induced the
formation of spherical cell and lysis of P. aeruginosa. The protective effect of NM441 against systemic
infection caused by gram-positive and gram-negative organism in mice was superior to those of CPFX,
OFLX and ENX.



