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WQ-3034 3 X U HSR-903 i3, 75 AMMELIRMIIFICMNHBNEATHHRAX /0 RTHEN,
S, SO DEHKD in vitro ik Ei % S UISH Mycobacterium avium complex (MAC) i&#EiZD\:
T, sitafloxacin (STFX), gatifloxacin (GFLX), sparfloxacin(SPFX), levofloxacin (LVFX), ciprofloxacin
(CPFX) L OHBBRN %1757 3, THI1 Bk AW A XK EHRARETllE L7z MICw PR TIL,
RFP -S4 H M 120t L T STFX, GFLX (% 0.1 ug/mL) <SPFX (0.2 ug/mL) <LVFX (0.39 ug/mL)
<WQ-3034, HSR-903, CPFX (% 0.78 ug/mL) DNETa» h, RFP itAsH M X L Tix STFX, GFLX
(% 0.39 ug/mL) <SPFX, WQ-3034 (% 1.56 ug/mL) <LVFX, HSR-903 (% 3.13 ug/mL) <CPFX (6.25
ug/mL) DRETH - 70 F7°, RFP B2t MAC 2573 % MICw i3 STFX, GFLX(6.25 ug/mL) <SPFX,
HSR-903 (% 12.5 ug/mL)<LVFX, WQ-3034, CPFX (% 25ug/mL) ®OMiT& 1, RFP #{ MAC il
#t L Tid STFX, SPFX(% 1.56 ug/mL) <GFLX, WQ-3034, HSR-903, CPFX(#% 3.13 ug/mL) <LVFX
(6.25 ug/mL) DMETH o720 B MICo HIZPWT OB BLRERZEMAB LA TV 5, KIZ, #HA
EHEMA Cou METIEMLEED MonoMac6 & P22 07 7 — Vil (MM6-M®) I X UF A-549
b b ITRIBHAR R MRS BR S B EAS X (93062 #k) (¥ AMEIEMEICOWT AL L 2 A, SPFX2LVFX
>WQ-3034>CPFX DMADIFEHAM RO b iz T/, MIC ETMA 234D MM6-Mo NBER B
(Kurono #) IZ% 4 2 Hi s iE M (X WQ-3034=HSR-903>LVFX DM TH o7z L EDOKSE H, WQ-3034
% HSR-903 D=4 287 F VY AEMHIZLVFX L 2IZAZEEEZON D, LIAoT, ¥/ 0¥
BT 2BHREICHT2HANOHMMI, BEELSMACHICHT2RAENOHMAICELTLLS
BRLLEVLDEEZ LRI, RIZ, WQ-3034, HSR-903 & ¥ & Uil & o P H ToOMEES MAC
IS T AHBEERICOVWTRE LA EZ A, W¥/ 0 EDOHMENIZ clarithromycin % rifampicin & @
PERWCEY, R oTRIETHHDD, isoniazid L DHICRAELHAMREMXZDOOLNE Z LB S,
ol
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W% O MEEHFIZB\VTid, rifampicin (RFP) +isoni-
azid (INH) & 5 \»iZ RFP+INH+pyrazinamide (Z strepto-
mycin (SM) % 7-i3 ethambutol (EB) %##fH T 518}
AP SN TS, SHIREEICL S BEEMBEONR
#®, FLERED D VIZENICE) BROBIE, $6121F
AIDS 2 ' CHORBFEREENVETICRET 248 FiCEH
W) OMMRPBELIIHLTE2DICs, BFEDOLD
LD LA ORERUEDLZVF L HEKEORRILE
s,

HE, SLOF /0 EFRBEINTRTV 25, HME
BRE~NOBA L VI BED S IE, ofloxacin (OFLX),
levofloxacin (LVFX) , ciprofloxacin (CPFX), sparfloxacin
(SPFX) e ENHiToh s, Thox /oy Eidholk
FleDMICREMEL RSBV LD S, kBEEPFLIZEH
R COBBEERIIN T2 HARECER I TS

h*®, B Tit gatifloxacin (GFLX), sitafloxacin (STFX),

moxifloxacin (MXFX) Z OB LED LN TETY
570, S&iZhhvbihud, Staphylococcus R Streptococcus
DY T LABERBINFCEBN AN EETIHBRY
oY% ThsH WQ-3034"""H X I* HSR-903* W% AF T 5
REEBT, LI H6DOEFD in vitro HEEBEIEEICD
WT, LVFX, CPFX, SPFX, GFLX, STFX ¢ ® &
EfTolzo ZOKR, MICHR~7u77—Y (MO) B
U'A-549 11 RIfiifa LR HiRE (A-549 MIfR) NREM KT
PREHEHBBEL LB EOIALX ) u y EOEIEY
&, (1) BB I3 L Tt STFX = GFLX=SPFX >LVFX
2WQ-3034=HSR-903=CPFX DMAT&®» b, (2) Mycobac-
terium avium complex (MAC) (Zx L Tit, STFX=SPFX
2GFLX=CPFX=WQ-3034=HSR-903=LVFX D ¥{ T &
BIENEOLNMIE 720, S0IL, (1) ZOHF-ICA
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FLEBRERZAMLTOShSF /7 0y Ko MIC il
DOHE, (2) MEMEDLDLIZELL ¥ ZADRL DMK
BERMERR (93062 #%) MBI L ToOMABAMMME IS T 5
WQ-3034, HSR-903 nHiMiEMNMEEITI & & b I,
(3) WQ-3034, HSR-903 ® & M L iDL M & & &
MRS MAC WS T AR T COMMERIC2WT b IRH
LADOTRET S,
I M EFH &
1. BN
FIHERE HUICHER S OREZREFTONKEE &
DAMINREERT S BRER V. 5 b 2THRIIHE
ROBHERERSI IS L TN EHCTOMR
MBEE (FRI1I2FHIDEHERERI ISR S
n, KEEFRREE LTRASABIZESTWVAY)
TRFP (50 ug/mL) Mtk, 28 BRI RFP Y (5
TN (ERSHER ETORERFRBEHIKHTIE
ERAMBEATOEFNRLIZRZELVLD] 17H) TH
ol 7, FIMICMACERE L ) MO MAC Hat
WHEBA LM, ChoEEICIHT S RFP @ MIC
HE DR R, MIC=6.25ug/mL & MIC=12.5 ug/mL
D2REDRHENRALNTDT, BIHED MIC 2R3 22
B % RFP Rt ¥k, #%& o MIC * /R 3 18 % % RFP
RS E L7
2. BAEH
WQ-3034 (i k 3¥), HSR-903 ({LEEXI), LVFX,
STFX, RFP(%—%3¥), CPFX(/{1 )V ¥&), SPFX
(KHEME) B L U GFLX (FHBE), clarithromycin
(CAM) (KIE®¥), EB (H&XL ¥V —), SM (HHEH
¥), INH MEAMELTE) A/ 283 /0 %
{20.1N NaOH (2, RFP (2 dimethylsulfoxide (= % 2
mg/mL DBETHER LD ARFTEDKEBTHR
LTHW,
3. MIC H=E
BEFOMARBKIIN T 5 MIC EiE, BEHO T E
Middlebrook 7H11 ¥s#i% AV COERXERED, »5
Wi THSF ¥ # VW COMEBBAERREICL Y HE
Lf:lg.zﬂ)o
4, RSN MAC BICH 3558
MAC N-444 ¥ (DNA 70—75 X FCTM. avium
LREIE) @ 5x10°CFU # MIC fEfI M4 REOE XA+ &
tr THSF %3 (0.5 mL) (iR &4, 37C T3 HRMHA
%, ERENY TH11 EXFRLETEHIL 2. 28,
£ Pt AEH DO MAC N—444 #RIZx§ % MIC fE (THSF
ExHoCoMBRERREICIDHE) 3, WQ-
3034, 8 ug/mL; HSR-903, 8 ug/mL; CAM, 8 ug/mL;
RFP, 8 ug/mL; INH, 64 ug/mL; EB, 16 ug/mL;
SM, 4 ug/mL T#h -7,
5. MRANBEEEE T SEER
Mono Mac 6 £ b M® #ifatk (MM6-M®)*"B LU A

-549 HIRL™ % LAIRLE LT, o ORIKLM ISR
L 75K M (93062 Bk & Uf Kurono ¥) (X3 5 #i
/)0 RORMNERELTOHETHEL. T4
b, #h#h 0.2mL D 5% 4K Mik (FBS) fil RPMI
1640 3 3 ¥ 7213 P-12 K 1 4 (2 1% it & & /- MM6-MO
B\ id A-549 AL D 4x10¢ Ml & microculture well i
&, ROTHMMNHM %ML MOI=10 (MM6-M®)
% 7213 MOI=30 (A-549 MillL) T2 WM A » % 2 ~X—
P2 LicEh, MM6-MO & A\ ik A-549 #lifa i<
R E B s, ROTHRKRN X 2% FBSh
Hanks KM CH®Ri¢ LEE L 7-% (MM6-M® it 150,
54 NDMIGER), HEMENF /0 e qLELD
B (0.2mL) FTTEMICHI)ERL . FTER
M#%ic 0.07% SDS THU ML % M & &, EHIZHK
6% MEDEMRTNT I TCSDS ALk, 1B
67l lysate DA BAL % TH11 XX FR ET
BHA L 720
II. # 3

1. &M* /0 EOEEERICHT S MICE

Table 1 (21X, WQ-3034, HSR-903 %X L ¢t ¥ 5
EHX /)0 ROMBEBLUMACH ICH T S
MICw, MICs fli% R L 7o RFP 2B BRI
HIEWTIISTFXAb o & b, MICw, MICw H*¥
he&Eho0.1, 02ug/mLEboLLBOBENERL,
R\ TGFLX (0.1, 1.39 ug/mL), SPFX (0.2, 0.39
ug/mL), LVFX (0.39, 1.56 ug/mL), & & |ZWQ-
3034, HSR-903, CPFX A%{3|Z[F% T 0.78, 1.56 ug/
mL DM TH -7 M, RFPEtElk (AWt
&) 12X 5 MICs, MICw ffi 12 STFX & GFLX
MENEFN 0.39, 1.56 ug/mL L IZIZRIECHVWHED
#RL, RTSPFX(1.56, 3.13 ug/mL) =WQ-3034
(1.56, 6.25 4 g/mL) =LVFX(3.13, 6.25 u g/mL) <HSR-
903 (3.13, 25 ug/mL) =CPFX (6.25, 12.5 ug/mL)
DIETHH, RFPEEM MBI T 5 MICk, MICy
¥ GFLX (0.39, 1.56 ug/mL) <STFX (0.39, 3.13 ug/
mL) <SPFX (1.56, 3.13 ug/mL) <WQ-3034, LVFX
(1.56, 6.25 1 g/mL) <CPFX(3.13, 12.5 u g/mL) <HSR-
903 (6.25, 12.5ug/mL) PMEATH - 2o % B, RFP
R TIIVFhoF /) o rED MIC & b RFP RS
HRRICH TS MIC L D 4~321513 B k2 MM
HoNnA, SHERO RFPREZEBEOS {13,
OFLX R CPFX L DX/ u 2 a5LEHEHEDE
RHBHEMICOINZIILBEI VIR IN-LDT
HBHI ML, RFPHEBICESHL T/ o XK
MR SNIZLDEIFTEZLIZ W,

RIZMACH IZ2oWTIid, RFPEEZMHAICHN T 5
MICs, MICy fiix, STFX & GFLX 2i#F & h 6.25,
6.25 ug/mL THE NS - & bK<, K\ T SPFX,
HSR-903 (12.5, 12.5 ug/mL) <WQ-3034, LVFX,
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Table 1. MICx s and MICy s of various quinolones for Mycobacterium tuberculosis (MTB) and MAC isolates*
Number MICw (ug/mL) MICw (ug/mL)
Strains of

strains STFX GFLX SPFX LVFX WQ-303¢ HSR-803 CPFX STFX GFLX SPFX LVFX WQ-3034 HS8R-903 CPFX
RFP*-MTB" 27 0.1 0.1 0.2 0.39 0.78 0.78 0.78 0.2 0.3 0.39 166 1,56 1.66 1.66
RFP*-MTB" 28 039 0.39 1,56 38.13 1,566 3.13 6.25 1.66 1.566 3.13 6.25 6.26 26 12,5
RFP*"-MTB" 17 0.39 0.39 1.66 1.56 1.56 6.26 3.13 3.13 156 3.13 6.26 6.26 12.5 12.5
RFP*-MAC" 22 6.26 6.26 12.5 25 25 12.5 25 6.25 6.26 12,56 26 25 12.6 25
RFP*-MAC" 18 1.56 38.13 1.66 6.25 38.13 3.13 3.13 1.66 3.13 1.66 6.25 3.13 3.13 3.13

*MICs were determined by the agar dilution method in 7H11 medium. MICx and MICw mean the MICs at which 50% and 90% of the

test strains were inhibited, respectively.

*  Susceptible to RFP (50 ug/mL) by the usual absolute concentration method on Ogawa-egg medium.

*  Resistant to RFP (60 ug/mL) by the usual Ogawa-egg method.

©  Completely resistant to RFP (50 ug/mL).

*  Susceptible to RFP by the agar dilution method on 7H11 medium: MIC 586. 25 pg/mL.

* Resistant to RFP by the agar dilution method: MICZ 12. 5 ug/mL.

STFX: sitafloxacin, GFLX: gatifloxacin, SPFX: sparfloxacin, LVFX: levofloxacin, CPFX: ciprofloxacin

CPFX (25, 25ug/mL) OMETH H, #}, RFP itk
BRIZx 3 5 MICw, MIC fli Tid, STFX & SPFX A¢%
h¥FN 156, 1.56ug/mL & b- L biEEE ML,

W

K\ TGFLX, WQ-3034, HSR-903, CPFX (3.13, 7§, = |
313 ug/mL) <LVFX(6.25, 625 ug/mL)OMATHY, 5 | 7 s -
B L GETRE 5 MIC 24 2 B 7. ¥ ”§§<: B

2. MRMRIERKEICK T 5 RGN AN e~y =

Fig. 113, WQ-3034 # ¥ F~OROHEH THMmMP
Coun THHALDRE THRBFIEMLA2H A D MME-
Mo 5 X UFA-549 ML R E#E % (93062 #k) (- xf
+T5HEEE %, LVFX, CPFX, SPFX D Zh & it
L2=bDTH B, SEMAL 72 93062 ki Al E D BT
TH\: 72 Kurono %R ICHXTEL L ¥ ZA4HE L, MO W
WAL D §5 A5, BTE & FE RIS MM6-MO B & UF A-549
MBEoOVFRIZE VT SPFX2LVFX>WQ-3034>
CPFX DO HEFBEEBBD LN, 2B, WTFhox
JaYEIIOWTH A-549 HIRHNBERICH T 5 E
EHEE, MM6-MO NRBER IS T 2 HBIEHICH T
AEIZRST2HEMMPED 5N (P<0.05)c Cou it
B WQ-3034 3 & U HSR-903 i, MM6-M® 5 & U
A-549 MM BB ICH L CIRIZRS 2B EY
L YA

Fig. 2 i3, WQ-3034, HSR-903 # & ¥ LVFX % MIC
fEH Y DR E TEMPIZMNZ A D MM6-Mo N F
A E (Kurono Bk) ST AHMBEES 2B LD
DTH5HH, WQ-30342HSR-903>LVFX DIEDHH
ICHE A/ A58 (W AN

3. MAC B IIx3 %5 WQ-3034 ¥ & U HSR-903 »
fta) & D BEHZNR

Fig. 3 121X, WQ-3034 & HSR-903 ? Hifli 7z & Ui
fiul & BEEREOHL MAC iEMEEZ R L72e COEERTIZ,
THRIHTHENLL Y ADIEV M. avium N-444 ¥
(%% 8) %A\, THSFH M TOMBEEICH T S

Y
/
‘l

0 2 4 7 0 2 4 7
Incubation time (days)

Fig. 1. Antimicrobial activity of WQ-3034 (@), ciproflox-
acin (CPFX) (&), levofloxacin (LVFX) (&), and
sparfloxacin (SPFX) ([J) against Mycobacterium
tuberculosis 93062 strain residing in MM6-M®s (A)
and A-549 cells (B). The drugs were added to the
culture medium of M. tuberculosis—infected cells at
the Cua. in the blood after oral administration: 3.7,
0.56, 2.0, and 0.39 ug/mL for WQ-3034, CPFX,
LVFX, and SPFX, resepectively. O: Control culture
without drugs. Each symbol indicates the mean+SEM
(n=3 [error bars were omitted when values were<
0.1]). ***: Significantly different between bacterial
CFU recovered from cells treated with each compari-
son drug and cells treated with WQ-3034 ( *, P<0.05;
% %, P<0.01; Student’s t—test).

HREROHTLEIEE 2 BASMETOERBERORY %
BELLTERDA, ThoFx/)oryEniEhiz CAM
R RFP L DOBERIZE DA 2 - TRIGL 725, M INH
EOBRICE o TIX, ThoF ) u s EoRBHOHW
RHRELLABELWEIBOON, 512, WQ-3034
TWREBLOMICHOARLFADREZD .
. # =

SEFLLAFLIBRSEREZBML ToREFIZ X

D, MIC fi% &8 L L7-84 D WQ-3034 > HSR-903
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Fig. 2. Antimicrobial activity of WQ-3034 (@), HSR-903 E | [ | = ‘
(4), and levoflaxacin () against Mycobacterium pb * I L
tuberculosis Kurono residing in MM6-Md®s. These C4 | N
drugs were added to the culture medium of M. k) 3 L= 11l -
tuberculosis—infected cells at the MIC(1.0, 0.25, 0.25 f l HIRIRIE
ug/mL, respectively). O: Control culture without 2 ‘3 l 5 IRIRIE
addition of drugs. The other details are the same as in 1 RN I
Fig. 1. ol HIBINININIES
© o X @ o2 oE
¥ §8E3¢
RIRLDETHEMEY ) UL ROBKEICHT HHEIE G g + : :
a a
#1i3, BB & 2 STFX=GFLX=SPFX=WQ-3034 = 2 2 E “ ©

LVFX=HSR-903=CPFX DM TH 5 = &, & b
MAC i=x$ 2Hi# 2, STFX=GFLX =SPFX = HSR
-9032WQ-3034 = CPFX2LVFX DMETdH 5 & & HtHH

LMol SEIDOESE, FICLATA SHERED
BETMEEZRACTITToASEORFTHONLD
DL BEbh#®—ICT5bDTHS, 2, MM6
-M® B & F A-549 MM R IEAEE (o T 2 Ul iE T
2oWTIR, Cow BLIUMICBRETHRMLZBEDK
ErdbbuyTEZ DL, SPFX2WQ-3034=LVFX=
HSR-903>CPFX ®MAIZ% ), MIC fE.#EHEELTD
HEBEERED T v F v 7L 3ETREAEMIBD S
ha,

S CHEKEVWDIE, 77 ABHERFAICHTAIHEN
MSPFX R LVFX 2 0¥ /u ¥ X ) b ¥BBEH- T
W3 WQ-3034""%> HSR-903*IZ L T, KEKEX
MAC X 2 H B iE 11X SPFX R LVFX D £ h il kb
BLTHICENR-LDTREVEV)ZETHE, 2D
Sk, ARltbF/ourEIIBLTIRY I LBHE
A 2B O, L7 L OEEE I T ARE
HOBBICIZOLMRE LV EV) TTEEEYESL DT
bh, SBOFEEEL LTORRR2SHICLHRF
JuvEDOFI Yy VFHFL v BEIUEORBILHIz-T
i, BIcEBEL2TAE RO 2 VHIERD12IRY
BrpbnrtEZOLNS,

CAM: clarithromycin, RFP: rifampicin, INH: isoniazid,
EB: ethambutol, SM: streptomycin

Fig. 3. Antimicrobial activities of WQ-3034 (A) and HSR
-903 (B) alone and in two—drug combinations with
other antimycobacterial agents against MAC N—444
strain growing in 7HSF medium. ***: Significantly
different from the values of each quinolone alone ( *,
P<0.05; * *, P<0.01; Student’s ¢—test). Abbrevia-
tions: WQ, WQ-3034; HSR, HSR-903.

Fig. 3O E» S WL A% X 512, WQ-3034 R
HSR-903 D #ifa s MAC B2 X3 5 HiE 11X CAM &
AWIERFP LOBRICE Y, HEICHIE LA JU2
STFX, GFLX, LVFX I22oW Tifo 7R TL, - h
LRI RENBON TS, LA LEHS, STFX,
GFLX, LVFX ® M® NRTE MAC WZx3 28 E Hic
BLTOKRFTIE, /70 %L RFPEOMIICIZZD
L) HBHRIZDOON TRV GXHERFS), L
oo T, MAC BEDLEREIIBWTIR, ¥/0r
KL CAMHHWIERFP L DHAIMF AR ERS
b BRI SIIEARECII AV bDEEL S
Noo &8, FIRICHBEELZHRAL TITo RT3,
STFX, GFLX & % \ % LVFX & rifamycin 3% # fk
(RFP, KRM-1648) Lt OMICHEL LNV OMARE
ERDBOH LN TE Y EXHEFRF), WQ-3034 #° HSR
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Comparative in vitro antimicrobial activity of the newly synthesized quinolones
WQ-3034 and HSR-903 and other quinolones against Mycobacterium tuberculosis
and Mycobacterium avium complex

1.9

Keiko Ogasawara'”, Katsumasa Sato’ and Haruaki Tomioka"

“Department of Microbiology and Immunology, Shimane Medical University, Izumo, Shimane 693-8501, Japan
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WQ-3034 and HSR-903 are newly synthesized fluoroquinolones with potent antimicrobial activity
against common gram-positive cocci. We assessed the in vitro activity of WQ-3034 and HSR-903 against
Mycobacterium tuberculosis (MTB) and Mycobacterium avium complex (MAC) by using levofloxacin
(LVFX), ciprofloxacin (CPFX), sparfloxacin (SPFX), gatifloxacin (GFLX), and sitafloxacin (STFX)
as reference drugs. First, the MICs of all of these drugs were determined by the agar dilution method with
7H11 medium. The MICs at which 50% and 90% of the test MTB strains were inhibited (MICs and MICq,
respectively) by the test quinolones were: rifampicin (RFP)-susceptible MTB, STFX (0.1, 0.2 ug/mL)
<GFLX (0.1, 0.39 ug/mL) <SPFX (0.2, 0.39 ug/mL) <LVFX (0.39, 1.56 ug/mL) sWQ-3034%HSR
-903 = CPFX(0.78, 1.56 ug/mL); RFP-resistant MTB, STFX# GFLX(0.39, 1.56 ug/mL)<SPFX(1.56,
3.13 ug/mL) SWQ-3034 (1.56, 6.25 ug/mL) SLVFX (3.13, 6.25 ug/mL) <HSR-903 (3.13, 25ug/
mL) % CPFX (6.25, 12.5ug/mL). On the other hand, the MICs and MICs, of the test quinolones for MAC
isolates were: RFP—susceptible MAC, STFX=GFLX (6.25, 6.25ug/mL) <SPFXsHSR-903 (12.5, 12.5
ug/mL) <WQ-30345LVFX=CPFX (25, 25ug/mL); RFP-resistant MAC, STFX=SPFX (1.56, 1.56
ug/mL) < GFLX % WQ-3034 = HSR-903 = CPFX (3.13, 3.13 ug/mL) <LVFX(6.25, 6.25 ug/mL). Second,
we compared the antimicrobial activity of the test drugs against the MTB 93062 strain residing in the
Mono Mac 6 macrophage cell line (MM6-M®s) and the A-549 type Il alveolar cell line (A-549 cells) . When
the drugs were added at the blood C..., progressive killing or inhibition of the MTB residing in MM6-M®s
and A-549 cells was observed in the order: SPFX=LVFX>WQ-3034>CPFX. The efficacy of all of the
quinolones against intracellular MTB was significantly lower in the A-549 cells than in the MM6-Md®s.
WQ-3034, HSR-903, and LVFX at their MIC caused growth inhibition of intramacrophage MTB Kurono
strain in the order: WQ-3034=HSR-903>LVFX. These findings indicate that the anti-MTB and anti-
MAC activity of WQ-3034 is greater than that of CPFX and comparable to that of LVFX, while the activity
of HSR-903 is somewhat greater than or comparable to that of CPFX. It thus appears that an increase in
the activity of a given quinolone against gram—positive cocci does not necessarily mean increased activity of
that drug against MTB organisms. Third, we examined the activity of WQ-3034 and HSR-903 alone and in
combination with other antimycobacterial drugs against extracellularly growing MAC. The activity of these
quinolones was reduced by combination with either clarithromycin or RFP but significantly potentiated by
combination with isoniazid.



