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110
single strand

105 (GyrA), 95 (GyrB)
double strands

75
single strand

75 (ParC), 70 (ParE)
double strands

Major reaction relaxing supercoiling decatenation decatenation
relaxing relaxing
Inhibition
New quinolones - ++ - +
Novobiocin = ++ not tested +
Supercmlmg DNAT v L—R L5t &% Lo - BB
2ARSEDNAIZHERL T, ATPEME BETIC
FADODNA DU B SZRYIELITL.
B DBSHE A (negative supercoil) (22
Relaxmg 7%,
Decatenation
HRMNRT LI25 FO2RHDNAZ BT
% E&PE (decatenation)|ZB 54 3,
Catenauon

4 KBHEORENHEA AL —Z, BLUODNA Vv A L—X & bHEA Y A L—XIVOIEMA

KBED b £BA V2 L— 21T,

1 AP DNA ZREEGTE 1B KAV ALv—Z (FPEA VAL —R &)

E2ABIDNA ZHEET A28 ALV AL —Z (DNA Y+ A L—REFEAVAL—ZN) MBHD, +
/o vEEOENBRZ 2T R4V A L—2TH D, HIE DNA OESLERZERINICIHES 3.

EliEhBicE -7, NFLX FHER <7 b
WY S LBMES L7 R v BRI £
THRL, o, 75 sBEHEICHT A0E
NomELES & - T, BEIEL_FRUEBRYYE,
A LR B I & TR s h iz, GRE
T I (S 83 AT O B SR < b 5 ifi
REKE, vy EE, 4 v 7 v vy HRERE
M - 7z,

ZIT, b5—> NFLX OFEK F ok
oWz, 2hid, NFLX 334
£ % F TICME—/ NRRGYE IS 2 FF o+ /
ovHEVWITETHB. NA BYEEY T
RAffifEE A Ekd 5 Z EAMEENTEH D,
F /o vEEO/NEI~NOFERBET LN TE
fo. dTHE, ZEIMHEEIC & 5 /)N R EREERYLE
DY 5,
BREBHRMFBEEFRBETEZ LN &
IS fo. WIFHENYT DB 15 B
FED MR/ NIRGHE 169 5 NFLX O
EHRERRBROEAEROMER, 1991 Fiz/h
RAOEIGDAEGE S Ntz

Z—a—% /80y (NFLX) @ -

(166)

4, B WD) —a—F/0VE

(1980 ERFIH LHEEW)

NFLX OBHE 13, =2 —+ / o vEHEFE{L
LR DR & 15 5 72, NFLX OB DA
HIBH L 72—4, it & o HEIc BT 5 in vi-
tro PIEEVEIC B 1 5 MIC [EDZEDS, in vivo
BRI RICZOF IRME N OFERNES
nTHY, THhRIAEROEORNMOKS
kT 5 EEZ 6N B, S5, FRPEIN
REHEOEFHLBW, Lizd>T, NFLX D
Bt adn L, LitoREsRELL
Fll=—a—F/ o v EERRT I L, i
TSRO R B SR S 1980 AR HIEE, 4Hic
HAZ LT Y RS 57z, NFLX T
T, 19794F1cid = 7 + 4 ¥ » (ENX), 1981 4
IZidA 7 v 4 v v (OFLX), 1982 fEic it v
7o 7oFH vy (CPFX) 2SFHIRW\THRE
i,

T/ F# vy (ENX) &, NA E[EEED 1,
8F 7 F ) Uy REAEFERDE6MICT v FHH

Presented by Medical*Online



¥, Thiicexs Y= E2EdsLEYT
b 5. %D in vitro PLETEMEE, NFLX &3
EEZETH BDS, in vivo IZBWT NFLX X
DENTIRERART. Thid, ENX OR
ISR RN, 36 & ORI IC 28 T ik
ICHRT 5.

A 7a¥% vy (OFLX) &, /) VB
D1ALE 8RB TZ/M L THBL3
BHOEY) PRy X4 F4 Y Bk
DHEMET A= —F /0 HThH B,
OFLX (&, 7' 5 G WEN 5 7 5 sfatREIC
DI BRILVIE R <7 bVEF L, NFLX
AEET A HMOIIE/%7R"d. OFLX i,
N TOEOROI M & mrhigEE, RiFisi
AT, o, REINCLE TREMED
PRAPEICROAIEFEITE O & W - BN IARN
FEEAZ/Rd. OFLX I3, 7{7IC N-# F I ExR
S Y= VEEETZICEhb ST, 8B
BEEESLBOV, ThiE, #+9Y VED
BRI T & 3 AL * F KB AT & % ki
Oft5IcHkRT 5. Z0ER, TORKEDL
EUE L TR EDDTEVIKNDIBMRE A b
5, TOXHiT, OFLX I3, MEHOEMmIc
A<, EY#EEICKE KM 2{LEH0
YWEICHEE LIRS 9 7741 v b R
Ntz ZTOFER, IRESEGYE, PR EGYIE
DHIE 5T, LI OO BRYE A%
AT, IO =2 —F/ o vEORhTIEIED
TENIERTH B,

v7a7oF4 v (CPFX)E, NFLX &
EIREIE+ 2 ) B 1 AL OB = 7 VA
Loy oFo VBB RLIALEYITH
5. ZOHE A <7 b vid, NFLX ¥ OFLX
CREBRE%ETH BN, 1y 7o7o Vi
OEIT L - T, in vitro LB E NFLX,
ENX, OFLX #ZE L, FrhIREICH LT
EEMETd 5 T EDRROF B TH 5. CPFX
DEAFELI%, 10Lv 7 v 7o ERSHEEE
PEARRE E, EEAERHEE L GERshTY
3. CPFX 13, 40D OFLX, #Bicfgsid s L
X7 oF4 v (LVFX) &ifiey, £HFEMIC
L, o, B RS TWBREMN= 2 —
/o vIETHA. Lrl, EYFEEL

(167)

TR A3 ENX $ OFLX & 9 90 E
<, & SITREALADPRAPEIER &KW
AEHLTVS, F/, LaetticsoTirdiix
VEFIAS OFLX X h &\, 2000 4Eic CPFX O
R AP AI TR0 =2 —F / 0 VE
HHIE LT Efianzs, ThicBILTiE,
%I EIERT 5.

gz —F/00F EETF
YDERBEICXT T B E Mg & Y EEED
wE)

—a—F /v vEDHEHRICKY, F/ Vv
FERPTEIEIC T 5 AT O BEE SO
%E, WREXOFFMII KRS ELL -
—a—F /0 vEIALA—NWVFEF/ oDk
b 13RI EYSAE D S I BRE S U Cfdi
SNBHHITRIEL, LESHECL 328
AL T DO BGHEIC[EH T & 2 HiEH & 38K
M. £-T, B-579LF, =7o54
N, BXOT /A SIS EE S UEAL
FEEEE L TR TERINE LS
13- 7z,

1985 FFicid o x 7o+ 4 v~ (LFLX),
1986 FEicid 7 Lo 4+~ (FRLX), 1987
izl b2 7oF4 vy (TFLX), 1988 4F
Il 2297 a4 v v (SPFX), 1989 4E(iC
E7v) 7o%4 v (PULX) ASFHIRWT
WExnk., oA, P Gt
R) O=a2—F /o vEIOHEH®RL 1S
eI, PIEA XY M vIERFICIAL 18-
TLWAONEHMTH B, & oI, EypEhEEs
deEsh, MAERE»PEL, 1H1EES
EfREEFI b A LN, B o= —F
/uviEE LTHEMNT hic. Thoid,
ZORICBARSER L, HRICBLTEIK
1990 FEARHH: (PULX & 2002 ) iz ks
ni:.

ox7oF4 v (LML), £/ ) VB
D 61L& BALIT 7 v RIETF, THLIC 3-X F v
ERS V= VEEFT LAY TH B, 61
L 8D 7 v HOMFENRIC L O 55T DIEE
PESEML, PR <7 bV EGUREE O
BRICINA T, ROBXENED 5TV 5,

5.

iz,

Presented by Medical*Online



e A T~8 B &L H—HA =2 —F
/o v EDEWA AUC X OFLX & b /)
SV, BEEBN AR RIFEBITITEE
R

7L oF4 ¥ v (FLRX)E, NFLX @ 14}
BRETHIZzFVEE 27 VA O F L
BicE A, 6L 8ALIC7 v 3, THLICHEARE
DEWVN-AFNERS Y= VEEET B
&Yt b, FLRX T, 1ALz FuEicE
AL7 vFZD I3y 23RIc k) = F LR
LEEOTREEEN /s —F, 7%
DBENNRIT & 0 I5EESME N L TREELE
Wi B L, ik ITH D4 5. & 6T,
6 EBRDT v, THIN-AFILERFTY
= VEOBRAERIFIRIC & v EE S sE AR
L, NFLX i< e TR A KR 1< S5
Sh, Rullih¥Eiensl, 1 H1[ERS
TEN G ERT. L LS, iR
BREG I XA TS0,

FR7BFH Y (TFLX) &, 1,8+ 7 F
VO vERDLIALIZ 2,4-Y 7 )40 7 = =
WV, THhIC3- 7Tz Er) VKA
citathd s Bl FORE TV —F
&, 12,4V 7t 7 =VENYso
7o eV LERICERBEBRETH S L
ZREL, FHEARGHKROFER, TFLX 2RH
L#. TFLX &, 7fi3-73/ o) v=)
BEoeH b, CPEXICLHNTY 5 Al
W57 5 sfatt, 7R o REIERIRE, R
SR, 752 vrLicn L THROVIERS
YAERYT. LnL, 70— (Ko <k L
T, BRI 1330 ~40% & ENX %
OFLX (T HETIE,

2974y (SPFX) &, /71 v
Bificysara it 560c7 3 2 &,
661 & 8ALIC T » RIEF, THLITY R-3,5-Y
AFIERS VWA HT RS TH
5.5 7 3/ HE 86T v REHF, MATT
eSS VB ED 2[4 FVEDEAI X
lgEtEoENc X, SPEXEFHO =2 —
F /o VTR, - BB T P OEKE, I
RKEKE, <M a3 75X=, 75397, &K
W, JEERNIIEE, BLUSVEICH L TH

(168)

WHE 1A/, 72, SPFX 38R
DiE <, AR & 16 Bl & IER I E W
OB TH 5. Ft, THOD Y Z-3,5-Y 4
FUERTS V= VEOTHAERIRIc LD,
T2V T TV, TET 4 rEOEYEH
YEFH A ENX % CPFX £ 0§50 & & 2359
ERTHOL IR TWVWS., £0—F, L
Sk L LEEICREEER LTV 5.

) 7edy vy (PUFX) &, F7F
MY YEREEKRERL, TAIERT Y
—VELToEA 7 0 E LT (5-A F -2
FFV-1,3-VFF VA4 V) A FUREEA
Lo RSy VBoLEYITH B, T DI
HWAATH S NM-394 (&, 1A7& 26 TR
FFENLTF 7L BREERT AT ET,
FRIREZ S 7 5 sEMEICH T 2R
(CPFX [F%) #&»TWwWb, TOKHE, F7
¥ FERBLUCPFX LR T E~<S YV
ZIOVENICTHIR T 21T & D ORI M 1A
NENRERTEL, Yo KTy 27 & LTRFRSh
BITE - T,

oo EMEE = —-F% 0V
WL LTI, 19854FICTe7o0+4 vy
(TMFX), 1991 4FEic 7 Loy a4 vy
(GPFX), [EfFic~xo7o+4 v (Q-35)
DRSS N, ENIE BV TR FEM S
N, L LEss, TMEX 3KE Efigic
JHA U 7o EEE KM, GPFX RN Btk
IR U 7o BRI 12 AR BRI K D BFEHs il
Efte. F1, Q-35 ZEWNE=AHEREER £
THEEW L7cns, EREFEOREIC X Y ki
EE->TVIEW,

6. F=tH=a1—F/0VE (LXES

FU—F,0vE)

NFLX OB5LE, =2 —F /7 v v3E(QJ,
ZOENIRD 52  DIFRDE I s N
fo. BB RTE-HABLE_HRD
a—F /v vEiE, MEERE, 1 v7ux
VY, BLOH ST — ) RAED = KT
GHE R G 2 TIREES AT TH
D, fiiR BB RGEDIGED foH I3,
X ) —fEoHE oKy ot TH

Presented by Medical*Online



L= — RXchz 2L Fiahizon
L7 o+ vy (LVFX, 1993 FEEMN
M) &AF7e+4+ vy (GFLX, 2002 fFH
N EM) Tha. £, EFvI7oFH v
(Bay 12-8039), # 5 47 o *+ v (HSR-
903), BLUH L/ F4 ¥ v (T-3811ME)
NS = MEIRAER T (20035) TH 5.
53, HEMR=a—F /o vE LG,
LAES M) —F /o vEEFREN TV S,

LR7oF+ vy (LVEX) &, =@y
) FRNy XA FH Y vEKREGFT S5 OFLX
(7€ 1K) oRFEREEO—FD (S)-(—)-
ATH%, LVFX [Z OFLX L[HEED 7 5 4
PR 5 775 AReEEIC X U CIAEIS iR
ARy bEBL, TOHEIEOFLX ©
EEOR 2 ROV, b ) — DR
(R)-(H)-ADHiE /113 LVFX & b JER 155
<, L7#h->7T, LVFX d OFLX OiEtEA
KEZEZOoNTWA, 1z, BOBINYE
T, B X OHEMICBAL T3 OFLX &
Bl Th b, ThFEELAREME S Kato
NG Y RITENIE ) FRY X440 Ui
EORIC KT A, R, JRrICiE 90% it
K MREA LR E LTt h, kAT
(R)-(H)-tE~DFEUALIBFRD S hTVinw,
A5, eIl TR, AEPHEVE
W oo o RKER 28 OFLX L 0 §5<, fhogEl
fEHICB W TS OFLX LEELITTH D,
e WEEME A ToRER L LRl v T
%, BIREZE W C &g, RER I PUR 10355 W\
(R)-(H)(kDF MM LVFX i<, LVFX
l& OFLX OIEMEAK &S5 F < BT
X ke Vwaz s, TonkHic, LVFX I
OFLX &0 2 fEuiE/1hva@<, »o, FYE)
HED RN OFLX I 51\ &Eh b,
OFLX OB CEFORENHRERL, &5
ICOFLX & 0 LR EILT 5 T LT 4
Uy BB, TOLDBEKEOTEDL
5, LVFX @E&EAEZ I Lo, HFPTHRD
FHshTVWE=a—*/ovH,TH5. F
i, KEBLTRERAGERsNTE
0, FEAIGRSE D thERERFIR EREGLIE D 1A
RS TR, ToBEN Lt

(169)

RIS ORI FIEF ITE .,
HF7ax4 vy (GFLX) &, /1) v
BOTRICSAFILERS V= LEAEHL,
NFLX i b TRNENE 2 B, thik(ER %=
B, Ktz bsg btaycd b, 1
(7o it 84 b+ vRHOFE
KX ORISR L, FRC, 8fLx b+ v
REiemtoREt (e &HfamEdo
s lc /G T aEME L L CRFIs AT
5. GFLX 3, -t =a—F/ o vF|
DRTH 5 7 7 LREMERICT 5 O
NEREL, 95 TH - MRKE S ED 7
Z LGP 2 PUBvh i & Mo U 7 365
LEHlishTWB, AF 704 v ETR
SRGME, FRC, 1EMHKUERGYEICK L TR
RD=a2—F/ v vEEEEST SHYMER

L7z, LaL, #REED MRSA ITHd AL
BG4 E 3V AB Y., HF7oFdy

V13, KETO B, FDA » 508K QT
(QTc) IERAEANICBAT 2 AHE 5 il %
BREHMNT O, LirL, QT (QTe) &
EERICES BIWEFR IR T DB LG s 1
TOWEBLEETH S, oI, KEBLUH
M b ic SR S M SR (IKIMhE & S
) PEiEsnh Ty, QTEELEMETH
/8 VIO EEWER E LCERS k.
1992 I/ S A TV ORRTERE, + 7 ) v
WO TAIC7 a — X "Bty 3 2 Kaxf
L, 7' 5 sBGMHEIc® Gl %47/Rd Bay v
3118 #FEE L7z, Lo LEAS, 8ALICHERE
JRfaf9 5 lcotmtEnamd, BFEsdIk
SNt NI IUVTRIORBERE Z,
Bay y 3118 @ % / V) v B D 8 il {& HukL A
N A HIIC 8- 4 b F Vv EICE X
nritehre+rvyza++ v (Bay 12-
8039) TH 3. EF v 7 uFH v vid 1999 4
K¥EicbwTEfishtky, ENTRE=
SRR Ich D, 5%, TV vy Vv
RBREE L IBARICEITI A L Ebn s, €
FyzoFH v IS5 LAEEEICHLT,
CPFX % SPFX % &3 5 /]St /1 %
RY. WK 8,000 AZEWIR & U EERER
T, A vz yHE, MRERER E OREN

Presented by Medical*Online



A ERGYE O FE DR I L, XA
H L cHEICEBN SR AR L. Re[E
PEPMEVCEbHY, ENTIIFERISEGE
fEAFLICER S TWVw3, LVFX ichh~T
Mt S 2 — % v b OB Z T 5 BEEEH
in vitro T 4 55 <, FEROMMEEHIR (i
IR ZR/IMEd 3 RfREHDURIES TV
3.

45 A7 F4 vy (HSR-903) (&, +/
) VERO ST T X 2K, 8hLIT A F VR, T
flcvyy7ax+ vy (STFX) &fE—o =z
voRl T mEEREAE T 5LEYTH 5.
Ao L7oFHvrd, o DLFEMD
R, 77 ABMHEICH LT CPFX @ 8~64
e, 75 AEMREIC E 2~16 (2D in vitro T
W%ERYT. S56iT, YIEFNCERE 700
BEEICHR L ClRaENSWEEYITH B
tod, PREEER (KL, EHPEED + /
o v ThBN, O TENIIHEAN 0BT
HEELTVWS, LEd->T, MRIRERE
I & BRI SRR YL 1o Xt 3 B iEE R B
Shcwa, hemWHETIE, 571 /-8-4
FF ) vERBLEEERKT 5 LI
i<, fHlasE-CREEN: b e kT 2Rt E
LTWA, &5, kD=a—F/0>v
i TRBEESESVIC b P PD 5T, K
NI TSRS TR WO TH b, g
FHF EOPRIEAMTTV. IR S
® PGP (PHEEM) 1ok a7z & 3088
IhTWn3,

H L2 FH vy (T-3811IME) (3, BRI
T3/,27 0% vy (PZFX) E[FEIRE 74L
BERESRB-RBEEEN L TEASO,
Xolc=a—F/ 0 vIEORE FLOHKMTH
%6 (D7 v FRFETA & EEOTFVKFRE
FIHZ tAbBYITh b, v/ FH4 v v iR
6LLD T v BTV E 2D LT, IhE
TOWin & FERZT D, BEVIER XY b
LF /o vitEEE ST 7 7 LBEHE IS
%8 /118 in vitro PLEEHEZ R T, TALD T
ERFog4 Ay F)VEESNDY 7t
A hFVE, S5y v & (60IKFR)
DGR ICK Y, RkO=a—-F/0 v

(170)

B L ORERFIEH, Ry 3 vilER
EM, »55<, ZeticBhTndLahns,
X 5T, HHOETHE—NEEIEOSED ST
W5 NFLX T b~ CRagimEENe5 <, /N
O bIfFs N 3. ANEEET IR M)
EAEW, TS E TEVERRICH
3. Ft, BEEARSERBED=2—F/
o yEICHEELTEW. 1A 1 [EES A RE
LEhTwns,

BRTLHEnfz= 21—+ / 0ViE5HE

ENTRE=2—+ /o v3R13, 10 005 F
mahicwd (55 1 EHBEHFOA).
=a—F/ v YIERRLYID» ORI DA 12
59, EHRFlONERIFREISNTE L.
e 7oedt v R GEREEED &,
1987 FEITRRM, 1991 & b KEIT B W TH
seah, KR THERShTEERITH
5. THETE, FED S O IGEERMERYYE
BEEGNRE U BERARZ T, 1999 F3k
DEEHDO= 2 —F 7 o vEHFIE LT EH
Shic AL T, BIME 245 - B
% - Fifralrs & R _IRIEG,, ik, H
D% - BER, BEERO S5, hofiEH]
W7 LWEF—FEaEd5EEH 20130V
NR xR ARPE MR T RN LBFEOHA
ELTRRESNIH LVt 7 = 2 RES AT
EAlZEH LT b oS ERSENE SN
WEBET, BOMERI RS AREOES DR
BICHEHT 5 &V HEEBNVTV S, EBIfE
T3, #lRE, &%, MERTE O MER
Ehg, FHICBLTHEEEShTVS

2002 F I Fiahk X 70+ vy
(PZFX) &, LVFX &L[EBEDE Y KXY XA
FH U UEBEKRO 1000, tho=2—F
oy 3REIRE-REESENLT LT
I/ vsuaFoCLEEEA LAY TS
D, ZDOX % v 2RI+ VBESERFIE LT
¥ s /o, Mo FREdiE LVFX Ko mEw
25, [MAPEEAE W, £, 10 i@k GE
HWD=a2—F /0 vIETETAITHEY) 755,
WRO=2—F/ 0 v ETORRK-ERES
AL TEREMERESEA SN TOIRVEL

1.

g

Presented by Medical*Online



B, ERY I volEEiicE S MTEETE
E DIFERERFRRINEH © thiiX 2 O BIVEF 3R IR
INTVEDONEHTH 5.

Wk 75 & igs T, CPFX Oftiic OFLX,
LVFX, FRLX, €+ v7o*4 vy, #F7
O F 4 v I EDEREESE LCER ST
TV B, GER, AFIT B VT, ORI M Ok
ODTEHWEZMRLEDO =2 —F /) o vET
FEHRF O =— @B LbEL Ad - k.
L L, &tk EIE - BEMHERYE O UIE
BWEY =7y b ELEEEOESHEE /o
VEEOBFR D & FMEVEY, 1,
BOLEFomBREHI WA L, E
fiE - HEAMEERGYE O EHHIT O ABERIEARE
BOBOFNC L BHNFRIGE T + v — (A1 v
FrobE—) oA s bFEHIhTVS

FHEANZ KRR 1 —% /0 VE
(MHEER+ / o %)

T, /0 vEOALE LS, 2L OHRE
It AR (ZHIMER) O BB EE
KBS TR LT WA, 2 F v ) Uik
67 F o ERE (MRSA) icBL T3 CPFX @
it b L <, ZHIMHEESD 27 5 A
Bt BR B IR 0D R GLTE Lo okt L Tl I i EdTg
WERTERH OGN IN TV S, L
L, CPFXDflicAa b b & 5, FFE,
MRSA o3 LCoiihiis+ 7 a vEERRH S
NTHEIICEZ#E5d 5 &N THE
f, MRSA BYYEICHEHT 2NE TRV
LoFEbH B, O LLMEEHO+ /o
VAR BAE, M EEFELICL
W EEEMITE2MENDHAS. i, 7
5 AfatREERRGYE T, + /o Vi
EEOEMAREE - THB Y, ZOBRG
kvonTwa, ENEREICBWTIE, BE
OBEMEBEAEMIC 1 H 1 [EiES20/gEL 4
B IMrfd, o ORI & fififi~ o
BITHIEERSNTED, ThoDfFt%E
I aEHNEEhTVE, &5Icid, i
WA BIVEH OB KD SN TV B,
FRic, PERBIORIWER & Wb TV 2 HX(E
., EYIMHELER, SCEEIE Y558

8.

pt]

(171)

OMEIEE S S AR, &2 WVIdTER L 73
Kol s h, chooBFENEH SN
TV, {LEYIDEER EOFHN & Eiigics
ta», UMcitEA+y v w3 E LTHE
HZED TV ALEYICBI L THEICiin
5.

vy 7o FH vy (STFX, 2003 4FHIZE
i, 7 ) vEREROIEREN (R,
28)-2- 7Aoo EE THICZ
Yol =@ty I o) Yo LA ET S
{LBYIThd 5. @EH, TAEBRENS 73/
o) V= EThr56, MiasEttsm<
AD, 1AID2-7 )4 v vy o7o i
FABMHZE L (BT 2RI ET 5.
Fi, 7vEDI IR, FIEE
ZEDIcs s sRERICNT AREIE, 1
ity s a7 EVEBKTH S CPFX © 7
) F 7 oF4 v villiA O IR S L
TW5., THLR ol “IRrEHE S 8 AtE
FRIETE, lEEtEERsE s 5 sEBHEIC
stUCaigtkEzmd. 1 ALEBEEIEE: %
KT 2R E=E L, PErncid g &k
BHEONS v 2ITENTBY, FEEREICEO
W, RS TTIE, B X OREURIR =]
WP EL, RELEHICbENLTVLS,
51z, THNEBEBREDOZro Y 7ao7ocv0
AAREIERSNRIC L b, PHCROBIWER IR
HiCgwEshTtwa, 8 OERE T3
A7 bVOILK EDURTEHE DR A & 7o
SR, tEEsME s, EEBRE
TOFHMITIEE L 8ALICERIEFA2ET S
7 ) F7aFH v N THHL, BNTO
B RS T IOEALEEIE /S & ORIFER IF 3
TV, vy 7oy s REEES
&, PRSP XL DHEEZESC 7 7 L 5H
B, MBEEEEC /5 sEEEICHLT, &
g A, KRBT, BLOramEsnic
=a—%/ o0 vERoOBLTREOHENE2E
L, D, BIFSHEYEREDLZEMEHEfr
DI ENS, HIE - ARG IC b#Eka]
ekt =2 —F 7 o VL LTI
TWwa,

vy 7uFyyod, BeKICTiEES S o

Presented by Medical*Online



PetkRrl & U BIERRYER ¥ — 7 v b &
LBt ch 5. Seicufirzns, v
y7oFH v I SAICERFEFAEAET A7
DI, FRCAATEAER SRS EIE
OFENBAINTVES, COREA HRS
LlcbicflEl S N7z DH DK-50Tk TH 5.
DK-507k I3, Y% 7o *+4 v 0D 8hatEH
Mo ASFRICEEL ILEYITH 5.
nic X ks obsER S hic D A 13
59, RHiFFREAEICH W T LVFX [CPLfd
LEmWEensIEshTws. 51T, 8
(A P FvEOMBICEID vy 7asy vy
ICHR L CEEICREES R EL, £ ok
B, WMi~oBirirE<, EEBics v
BhTW3, F7, PRSPICINA Tk
75 KGRI @ WG Z R T O 0 T
b5,

Z Ofth, IS > TH 7 v YPEMRSA
(QRMRSA), Nva=A v viithifEe s
Y ERE (VRSA), A F v Uiitka 775 —
YIEEEAE 7 F v BRE (MRCNS), B8XU/Nv
a4 ¥ ViEBEKE (VRE) &0 24
it 7 5 & B VEEREE 2 R & 3 % EfE R
FETREH AR L4 7 o vEOBFE bW\ <
OPRESNTEY, TN 505K
HEHLUZZW,

WES L UFRORE

NFLX OZELIFE, =2 —+/ o v i3
MR ~7 bUDIEL, @AE%EE L,
Mo, = O BIF Y0 IEYE e 5, CPFX
» LVFX 23R 2 < O B RS 1 i
Hah, SHTEIEERED 1 Yy v
BEOWTWS, T2 LEBEERTOFEMEE
b7, BIWEHIBEMIHLMEL D, &5IC
F/ o vitEEO B A 5, KD EEOHL
INFTLRERIFEAPRKDOLN TS,

* /0 vEEDH ST EAEMERE O HE &
Bz, KExuiEo—Thb, B-57 %
L= 054 FIEDIRERE® 7 F vk
I, $#C MRSA, &5 VRE & o 72tk 7
5 ARGYEERER 3, BEERRMEAE T & LT
ML -TWVS, ik, 75 sBERETIR

“

9.

(172)

F /v VItERIRE, B-5 7 ¥ AlfitEA v 7
T v R EOEMSERELL TV 3.

9 LHRBEISG ORNAZ R A, #8710
ER OB SRR - 7o+ 7 o v EOf
7 -PARERELEEDBE, LTO@EDTH
3,

OB-27 % 4, =7 054 NitkEE &
g BKER 72 & O ith il SRR 3 5
PUERIEME D 1

O#fa 7 F v BERE, 5 MRSA Icxfd 3
IGR e

ORGMERE IT X4 5 G IgaR

OCPFX 5 &% /7 o ViitlEE A2 &4 7 F
v EKEE, BGEKE X9 A iE M

OFMBE® 7 F v IERBREA ST 7 5 &
(=X S G RSB R e T

O# 7 F v EREF I L TR T
BAEA G 5

—7, KNERER L O ZetEHOKBICH

AT 5 &, 1 H 1[G TESEEDR
AR HHHK|, HUHARRKL, Bl
HWETER L 5 2 A OFEMNRKDENTE
fo. BETR, */ o vEoREOEIER
Th HHHKER, FEYEEAER, SEROREIE
TR L2 EERIABR SN TV S, &5,
FHETHE— NE~DRSED STV S
NFLX £ 0, 4h558icxt<d % EafikaEm355
WEAEYLBFTRTH 0, FFRO/NEEIGAS
s hTna,
WEI0FER”, 1 v —H A4z vzicBL
THEENLHTE+ 7 o ALaEWwE, Bic
100 282 5. 20REAER, Fido#lg
IvE TP ERERTELERE NS v I
¥4 v EFHir S RisnicboTHS. £
D55, FEERICEERABRA~EIT L (LA
WRTHAI ). &6iL, EhicE-7tE
I3 Laic®EE 0, FELTEMEE
Lk ORI TR IE S _ETRICHE - i)
EREE L snALEM LY, &
DOIEAIBIRO 2 TWA B T &2, itk
B % & o TORIRER I X 3 2 LB ) o B i
L5 T, RERPEERERERE c0%4e
BRI ABME I LTV R VESAHE s N

Presented by Medical*Online



5. = DFER, WERRICERLEEE L
bbb od, MGICHTr LRI IcER
BEIWER (e, Lt i <%
HWlick s av¥EELH 5, BERFEPO+ /
o vEPIBRIRD SN A E LTid, I
DD A 1359, BICHEEOIREICHH
TLEEMSE VNS v 20D &N K DR
J - B HHRFE N 5.

F 7o, TAE, EREBSICBVT, FHEK
iE & U CRER P DB B I GYE O s RE b
LTy, o, V77 vEVVBEDEH
MELbHEATHE, ZO&E,»E, ¥/ 0
Y IEDFFERGIEFAIBRA~DOER & LT, %
ECIEE AR R & L conlREtE b
MiEtshTw 3,

* /0 vEOAE LT, FIEFEEEORE
i, FrEofIR EmEREHOBE R L D
FEsEThd B, fHEEDEETFLERIC X A
{LIZBEROAIREM: AR S T B DTkt L, Ml
iz bR ) KEE, VWb 3 HERIIER
Thbd. BERE2MEBRL, »>o, FHED
EHEL, S SICRNEIREZUGE L 3R o
NT oy 7 FHA YIBGBEIETREV, &
Iz, [EkDF /v vEAEED HER I
LT, BARTRE)ELeWEFRHA I+
/o yIEORFG, RS B A2
TWa, L, BRBESTEZD XD B4
KUD+ 7 o v IEREWNCERET 5K %
MHLLEATVWDEDOHETHS. £, FEh
EROIES &, Bl NEIck-T, AHE
FIHER & OV E IR L TE . 5%, &
SICHIEAEAEREZET, ThoDRE
TR L 723D+ / o vEENREET 2 C
ERHAREL 720,

3

CARMFEETYICHID, BEIETEREL
D, FloREH AR CREEE £ LcEIEKR

FREHIRBUNR St BB L £ 7
51

gRL

R X ®

KEEHET BICH > - TEENBEICL
foLEa—EERLITO®BY Th 5.

(173)

1) T. Rosen : Progress in Medicinal Chemistry,

27, 235295 (1990).

S. Mitsuhashi, ed : Progress in Drug Research,

38, 57-106 (1992).

J.M. Domagala : J. Antimicrobial Chemother.,

33, 685-706 (1994).

T.D. Gootz and K.E. Brighty : Medicinal Re-

search Reviews, 16, 433-486 (1996).

G.S. Tillotson : J. Med. Microbial., 44, 320-324

(1996).

P.C. Appelbaum and P. A. Hunter : Int. JJ. An-

timicrob. Agents, 16, 5-15 (2000).

B, EKEAER, HEFEE, PAARSCRR

F oV 547 941y, B (1991),

= EiR:=a2—F/0v HbTOHEHE

HfEL T, F&tilkte vy —, Hgl (1991).

9 IETHR : =2 —* /7 o YHIOEERIGH, B
Yy —Fovth, KBk (2001).

2)

3)

4)

5)

6)

7)

8)

Summary

The quinolones, especially the new qui-
nolones (the 6-fluoroquinolones), are the
synthetic antibacterial agents to rival the
B-lactam and the macrolide antibacterials
for impact in clinical usage in the antibac-
terial therapeutic field. They have a broad
antibacterial spectrum of activity against
Gram-positive, Gram-negative and myco-
bacterial pathogens as well as anaerobes.
Further, they show good-to-moderate oral
absorption and tissue penetration with fa-
vorable pharmacokinetics in humans re-
sulting in high clinical efficacy in the
treatment of many kinds of infections.
They also exhibit excellent safety profiles
as well as those of oral B-lactam antibiot-
ics. The bacterial effects of quinolones
inhibit the function of bacterial DNA gy-
rase and topoisomerase IV. The history of
the development of the quinolones origi-
nated from nalidixic acid (NA), developed
in 1962. In addition, the breakthrough in
the drug design for the scaffold and the
basic side chains have allowed improve-
ments to be made to the first new qui-
nolone, norfloxacin (NFLX), patented in
1978. Although currently more than 10,000
compounds have been already synthe-
sized in the world, only two percent of
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them were developed and tested in clinical
studies. Furthermore, out of all these com-
pounds, only twenty have been success-
fully launched into the market. In this
paper, the history of the development and
changes of the quinolones are described
from the first quinolone, NA, via. the first
new quinolone (6-fluorinated quinolone)
NFLX, to the latest extended-spectrum
quinolone antibacterial agents against
multi-drug resistant bacterial infections.
NA has only modest activity against
Gram-negative bacteria and low oral ab-
sorption, therefore a suitable candidate for
treatment of systemic infections (UTIs) is
required. Since the original discovery of
NA, a series of quinolones, which are re-
ferred to as the old quinolones, have been
developed leading to the first new qui-
nolone, NFLX, with moderate improve-
ments in over all properties starting in
1962 through and continuing throughout
the 1970’s. Especially, the drug design for
pipemidic acid (PPA) indicated one of the
important breakthroughs that lead to
NFLX. The introduction of a piperazinyl
group, which is a basic moiety at the C7-
position of the quinolone nuclei, improved
activity against Gram-negative organisms
broadening the spectrum to include Pseu-
domonas aeruginosa. PPA also showed
some activity against Gram-positive bac-
teria. The basic piperazine ring, which can
form the zwitterionic nature with the car-
boxylic acid at the C3-position, has subse-
quently been shown to increase the ability
of the drugs to penetrate the bacterial
cells resulting in enhanced activity. Fur-
ther, the zwitterionic forms resulted in sig-
nificant tissue penetration in the pharma-
cokinetics. On the other hand, the first
compound with a fluorine atom at the C6-
position of the related quinolone scaffold
was flumequine and the compound indi-
cated that activity against Gram-positive
bacteria could be improved in the old
quionolones. The addition of a fluorine
atom at the C6-position is essential for the
inhibition of target enzymes. The results
show the potent antibacterial activity and
the penetration of the quinolone molecule
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into the bacterial cells and human tissue.
The real breakthrough came with the com-
bination of these two features in NFLX, a
6-fluorinated quinolone having a piperazi-
nyl group at the C7-position. NFLX fea-
tures significant differences from the old
quinolones in the activities and pharma-
cokinetics in humans, resulting in high
clinical efficacy in the treatment of many
kinds of infections including RTIs.

Consequently, those great discoveries
are rapidly superseded by even better
compounds and NFLX proved to be just
the beginning of a highly successful pe-
riod of research into the modifications of
the new quinolone antibacterials. Since
the chemical structure and important fea-
tures of NFLX had become apparent in
1978, many compounds were patented in
the next three years, several of which
reached the market. Among the drugs, of-
loxacin (OFLX) and ciprofloxacin (CPFX)
are recognized as superior in several re-
spects to the oral A-lactam antibiotics
as an antibacterial agent. With a focus
on OFLX and CPFX, numerous research
groups entered the antibacterial therapeu-
tic field, triggering intense competition in
the search to find newer, more effective
quinolones. After NFLX was introduced
in the market, while resulting by the end
of today, eleven kinds of other new qui-
nolones launched in Japan. They are eno-
xacin (ENX), OFLX, CPFX, lomefloxacin
(LFLX), fleroxacin (FRLX), tosufloxacin
(TFLX), levofloxacin (LVFX), sparfloxacin
(SPFX), gatifioxacin (GFLX), prulifloxacin
(PULX) and also pazufloxacin (PZFX).
The advantages of these compounds, e.g,,
LVFX, SPFX and GFLX, are that their
spectrum includes Gram-positive species
as well as Gram-negative bacteria and
they improve bioavailability results when
a daily dose is administered for systemic
infections including RTIs.

However, unexpected adverse reactions,
such as the CNS reaction, the drug-drug
interaction, phototoxicity, hepatotoxicity
and cardiotoxicity such as the QTc inter-
val prolongation of ECG, have been re-
ported in the clinical evaluations or the
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post-marketing surveillance of several
new quinolones. Moreover, the adverse re-
actions of arthropathy (the joint toxicity)
predicated from studies in juvenile ani-
mals have never materialized in clinical
use. Therefore, no drugs other than NFLX
have yet been approved for pediatric use.
Fortunately, the newer quinolones are be-
ing developed and tested to reduce these
adverse reactions on the basis of recent
studies. On the other hand, multi-drug re-
sistant Gram-positive bacteria including
methicillin-resistant Staphylococcus aureus
(MRSA), methicillin-resistant coagulase-
negative staphylococci (MRCNS), peni-
cillin-resistant Streptococcus pneumoniae
(PRSP) and vancomycin-resistant entero-
cocci (VRE) have been a serious problem
in the medical community. Recently, the

new quinolone antibacterials are highly
successful class of antibacterial therapeu-
tic field, however, the increased isolation
of quinolone-resistant bacteria above
them has become a normal outcome.
These problems of multi-drug resistance
have been the driving force for the devel-
opment of newer quinolones. The next
generation of quinolone antibacterial
agents will be potent against multi-drug
resistant bacteria, such as MRSA, and pro-
vide a lower rate of emergence in resis-
tance. Further, they should have favor-
able safety profiles to reduce the adverse
reactions. The future of quinolones as the
ultimate in pharmaceuticals must be han-
dled cautiously if they are to realize their
potential in the medical community.
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