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In vitro pharmacokinetic model (2351} % Streptococcus pneumoniae \2X 3 %
pazufloxacin OB RE & CTHHELOHES

RS (T1 I S S 1 L S DT S O i O (TP
HILE TR At kR A iFFE AT

AH JE—

(PR 2248 A 6 HE2A - P 22459 H 13 HH)

Pazufloxacin (PZFX)1,000 mg % 2 [nl/ H$¢5-I @ Streptococcus pneumoniae 2333 % AR % 3§ %
729, b MiEHEAIEESRIEE 2 B3 L 72 in vitro pharmacokinetic (PK) model % vy, FHERHR
7 B NI IO A IS DO W T 500 mg x 2 [/ H ¥ 5 & JiiREt L, DUF ol % 1472,

1) S. pneumoniae D-979 |23+ L, 1,000 mg x 2 [0]/ H ¥ 5-H¢ Tl 24 M2 IR ST, B
BREER L7, 500 mg B £ 181,000 mg x 2 [/ HP 5K & B it EHfE (area above the killing
curve : AAKC) 13761 B X 1¥>104 ALog CFU - h/mL T Y, 1,000 mgx2 o/ H~DOBEIZ X ) FZH
RRTIE R L 720 ARBRISH 5 1,000 mg x 2 [8]/H 42 5-¢ D free AUC (FAUC)/MIC & 353 T, 500
mg X2 A/ H G- ER 24 5K & Do 726

2) PZFX 500 mgx 2 [ul/ H#%5-0F 0> 24 BRI O W T, SR IERIMIG ISR DT 1/2 1T L
RE2ZL— g UHBR—EER0 572D, GyrA, GyrB, ParC B X ' ParE @ F / v Uit gt g #7318
(quinolone resistance-determining region : QRDR) 27 3 / BEZE B 137 {, reserpine iRINC X ) 2
%%\ HEANPEHR Y T ORBUTHEZED SN h o7 —F, 1,000 mg x 2 [/ A58 Tldgz o
EBTFLAARAE 2L =Y a vk LN G0 o7

Pk, PZFX 1,000 mgx 2 [/H D HEIZ, S. pneumoniae \ZxF L, HRIMEOMELR 2 © OV B H 3L

2010

T OBLEA S HHT®H B REEAVRIR E N Tzo

Key words: pazufloxacin, in vitro, pharmacokinetic model, Streptococcus pneumoniae

Pazufloxacin (PZFX) 13, WRMREZ &G 7 25MH%S
CIZBEPERNIE U TIRIE WHIR AR 7 PV EBWER I &2 F
L, SRR SRR 0 U C RPN 2R 377 ARSI,
2002 AF\IBPENFIR SR A O " RIS, TigE, RS I
B L LT 500 mgx 2 1]/ H xGH#E0ds 3 L LT R
man, RO TR HHEE BT &7,

Streptococcus pneumoniae 3 TITHIG9¢, BUMAE, SEEL %72 &0
T BAIE P H K% EOFEEERETH Y, HE, HAT
3, B-T 7 5 ARER Yy O T A FRIEMIER RN R
BEZoTWwa"",

PZFX Ot 0 F k& ClE eIl HaER O iR REIC B W
T S. pneumoniae D WAL 5 CThh o722 L H 5
S. preumoniae (255§ BB R HNT Wi o 7223, 4,
1,000 mgx 2 [/ H~DERIZ X Y, S. pneumoniae 0 8t T
DRz 5 72,

4 Il, PZFX 1,000 mg < 2 [l /H % 5-I © & b L b &
JEHKE A KR B % 5 Bl L 72 in vitro pharmacokinetic (PK)
model " % >, S. pneumoniae (23 B B R H 2 S Ot
HEE B OA I OWT, 500 mg X 2 [ul/H$% 515 & ot

L7zo £72, S. pneumoniae (2543 % PZFX @ mutant preven-
tion concentration (MPC) % L72DT, ZN5OME%E
WHT 5o
L ¥ & HE

1. fEHwk

MIC B & " MPC @l % 12 1%, S. pneumoniae ATCC
49619 (American Type Culture Collection) 3 & UF 1992
AT TR X 0 S h, BEMEEEOF 2 o Viif
MEPeg I (quinolone resistance-determining region :
QRDR) 127 3 / MAE R %A & % \» S. pneumoniae D-
979" (penicillin G ® MIC : 2 ug/mL) Zf#H L72o In
vitro PK model |2 BF 2R EAIHR B L O LIS %
WECiX, D979 =i L7,

2. A

PZFX (EMbs L&) B X U ciprofloxacin
(CPFX, LKT Laboratories, Inc.) Z i L 720 W h o3
HLERVPHO P2 SOZMHL, REIGEAREOfHE
ELTFERL,

CE LR LT R 2-4-1
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Table 1. MICs and MPCs of pazufloxacin and ciprofloxacin against S. pneu-
moniae
. Antibacterial MIC? MPCP
Strain MPC/MIC
agent (ug/mL) (ug/mL)
fl i 2 4
ATCC 49619 | ~Parwioxacin 8
ciprofloxacin 0.5 4 8
pazufloxacin 2 4 2
D-979 . .
ciprofloxacin 1 2 2

Inoculum size: ¥10° CFU/mL, 10" CFU/plate
Abbreviation: MPC, mutant prevention concentration.

3. MIC oill

MIC DflsEld, HA AL ASERELRIZED, ¥
Biik ey (H AR N A &7 A MFZERT) (6% v/v) @il
Mueller Hinton agar (MHA: Becton, Dickinson and
Company) % HW 72K PEHARFIES 912 TIT - 72,

4. MPC O#llE

37C T—HEAE L 7= M E WAk AE i (5% v/v) @i
MHA FAR L ORARZ B A B AR RICEB L, &l
(1,700~4,700x g, 4C, 20 /M), LiEzkEL, 5x
10" CFU/mL #H Y O35 B 2 A3 U 720 SERI &AM
BEARAE I (5% v/v) @0 MHA “FAUC HAE #1302 mL
(MW & 1x10° CFU/plate 1 24) #% %A L,
37C T3 HMI 2%, au=—»MBIL ZVvi/hNRE%L
MPC7 & L7z,

5. Invitro PK model (25T 5B H R

PZFX 500 mg (30 7)) 4 & U 1,000 mg (60 75H) H
[ SERHER OB ) FH 8T A= 79 E I, A — b
YIal—vary ¥ AT A PASS400 (KHARR) % H
W, AR L H 2 B 12 KBRS Lo EHIE
AR O MG hiREHER &2 3L L 72, PZFX (2 ug/mL)
O MIERARFESIZILIL S O FEIHE - TEOBE
A EEITHE L7,

S. pneumoniae D-979 % M ML (H AN A A+ 7 A b
WF e 77) (5% v/v) ¥l cation-adjusted Mueller Hinton
broth (CAMHB; Becton, Dickinson and Company) {2 C,
37C CT2RrE AR =%, PZFX MEHEEHFHTT2A4
W F CRERFIICAR B ZE L7z, ARBOMMBRY
13 13Log CFU/mL & L 72, BREREOIHREL L T,
RGO AR Z ML L7oR—A 5 1 v & 3EHIE
JAEE OB W AL TP T - FE CTd 5 30w b
& (area above the killing curve : AAKC)"W %+ — b+ ¥
Ialb—va sy 7 b (PASS402W, Ver. 1.16) 12T
BH L7 T2, BERBREOLEFEED S 99.9% (3 Log
CFU/mL) A 23 % 99.9% #¢ 1 2 3E R (time to
achieve 99.9% killing : 99.9% KT) % #H#H/5 i (Micro-
soft office excel 2003) 2 TH L7z,

6. TFPEALIZBE 9 2 ET

In vitro PK model 12 & 0 15 5 1172 24 W 1% D 45 W
% i E BAARHE I (5% v/v) @I Mueller Hinton broth

(MHB; Becton, Dickinson and Company) T#ifi#, 37C
THREA10° CFU/mL M 1ZE T 5 F Tk & 9 48
L7ce SN EEEAIE, PZFX &7 il = BORE L (5%
v/v) B MHA AU 8BAT L, 37C, 2 HHE#EZEO 2
O=—HE DR 2 L= 3 V&2, FFIC,
24 WA O ZWW 1 mL % FHFFEELFRICEA L, 3
FIFEAIN B X O PZFX 500 mg x 2 8]/ H $% 5 T 1 4
BIZHEIRL 7296 20 =—, 1,000 mg %2 [H/HFE5HEHT
BEFLAeau=—o MIC Z2ill%E L7 PZFX /&l
WCHARMIC2AS ERA L7za = —122oWwTid, gyrA,
gyrB, parC 3 X UF parE #&{5¥ ® QRDR % PCR 12 &
DHIRLY, #HINAFTHABHIFFTT I 37
At ¥ — | THIERY) 2 f#fT k., GENETYX (A&
HE¥RTF A4 27 A, ver.9IZT, TI/BEROHES
i X7z, F 7z, reserpine (Sigma-Aldrich) 10 ug/mL
IMB L CIRTRIMEE D CPFX @ MIC % % KA A R
FEPOIZTHMNE L, reserpine 3E 7 MR/ 0 o0 MIC
WS4 DL Eodga, ERPEEAR Y 7oRIBITTEKRE L
YRR
I #& R

1. MIC B & " MPC

S. pneumoniae ATCC49619 38 X OFD-9792 % § %
PZFX ® MIC &, & 3122ug/mLTHYH, CPFX D%
NENABIV2HETH -7z PZFX ® MPC &, €hZ
N8BIW4ug/mLTHY, CPFEXDZh TN 25T
-7z (Table 1)

2. Invitro PK model (2 B\T 5B H R H

PZFX 500 mg B £ 81,000 mgx 2 ml/HIEZS5KO L
ML IR EHER & Fig. 1 12" PZFX Ok MG &EHA
AR, 307% THolzo b MILFEHREHBETTO
S. pneumoniae D-979 |2 K3 % PZFX O WA H % Fig. 2
RS o FHIFERIMEE T, AW BT =BG L,
4 T 8.6 Log CFU/mL 1Z5& L 72, 500 mg x 2 [/ H#¢
BT, AR, 4RHRICEZERBER2S 41 Log
CFU/mL A L7225, 0% L, 12 Rl I12135548
BHaGRF & FIREE E CHML 722 MIBOREGI2X D, 20
AREM BRI ERBUIMIMBRAE L 22 ), 2 O% M
L7245, 24 W14 o 4 BB 2 IR 12 X 2.0 Log
CFU/mL &> 5 72.—77, 1,000 mg X 2 8]/ H $% 5-# T3,
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Fig. 1. Time-concentration curves simulating free se-

rum concentration at pazufloxacin administration
of 500 mg b.i.d. and 1,000 mg b.i.d.

Open circles, 500 mg b.i.d.; closed circles, 1,000 mg
b.i.d. Protein binding, 30.7%.

Log CFU/mL
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0 6 12 18 24

Time (h)

Fig. 2. Bactericidal activities of pazufloxacin against
S. pneumoniae D-979 in an in vitro pharmacoki-
netic model.

Open circles, 500 mg b.i.d.; closed circles, 1,000 mg
b.i.d; solid line, growth control; dotted line, detec-
tion limit.

Table 2. Pharmacokinetic-pharmacodynamic parameters of pazufloxacin against S. pneumoniae D-979

Change in C
Model MIC SAUCo 1/ | fCma®/ | bacterial count m(‘IA:L“'” " | 99.9% KT
ode. 0.
(ug/mL) MIC MIC at 24 b s (h)
CFU-h/mL)
(Log CFU/mL)
500 mg
, 2 15.0 3.82 - 20 76.1 19
b.i.d.
1,000
bid e 2 35.3 6.36 - 499 > 104 2.0
1.d.

YReference to pharmacokinetic parameters from pazufloxacin phase I study for the first approval

application'®. Protein binding, 30.7%.
"From initial bacterial count of each model.
9Below detection limit.

Abbreviations: AAKC, area above the killing curve; 99.9% KT, time to achieve 99.9% killing.

AW EUIEEFERAG 6 REMIR IR R LT & o 72,
ZOBFEWHEIED SNZb00, 2 HOHE5I2LDY,
ZO1REBICHTERBERERALT 2D, 24
FEMIR  CHBMIERD Sl dh o7z, 500mg B L
1,000 mgx2 [fl/H % 5-F; > AAKC 13 761 B X 18>104
ALog CFU - h/mL T& Y, 1,000 mgx2 [al/H~ D&
WX D BEWRRIEHEE L2, 72, 500 mg B & U 1,000
mgx2 [/ H&%EG58 999% KT X, 2N 19B L
20h LMAEETH o7z (Table2),

3. 24 BRRVE R O B ot tAL

500 mg x 2 [/ 0 $5-Fp 0> 24 B OB T, A
JERINEE & TR PZFX 1~2 pg/mL T3 10 = — D4 HEHE
EOEIMAFED 7228, T == E kv
EEIXEETH -7 (Fig. 3)o 24 KB ORW A S 5B
ENn7z96zo=—H17a30=—0MICiZ4ug/mL
T, PZFX VERIRATICHAR 2 RFIC LA LT Ww7zahs, GyrA,
GyrB, ParC B X O°ParE ® QRDR 127 I / R332

D HNLHole T 72, reserpine FETRMEE/ AN O
CPFX O MIC Itix 1 F7:13 2 TH Y, IHPEW R > T D
FEHILEIZFRD SN e h o 72 (Table3)o — 77, 1,000
mgX2 [/ H#E5RTIE, EUoK T LR 2L —
Y a LI PZEX AEHRNC R MIC 2 LR L 722
o-— 3RO SN% -7 (Fig. 3, Table3).

m. £ 3

4, bhvbhix, PZFX 1,000 mgx 2 [\l/H¥5-E0
S. pneumoniae \ZxF§ B AWVEZ FHIES 4728, & LG
Hhi % I L 72 in vitro PK model (2 381 % 3 W %) #
5 ICIHER MO EHEIZ O W THE L, 500 mgx2
]/ H ¥ 50 & Jig L7z,

S. pneumoniae D-979 |2+ L, PZFX 500 mg X 2 [/ H #%
LREClE, B2 4 MBI ENESREOONZD 0
O, ERBUIREERMIARE L Y KA > 725 1,000 mg x 2 [A]/
A5 Hcld, 4 REZICBWTD HHEIIED 5N
3, AAKC 2500 mgx2 [ml/HFEGICHERKE L, BH
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Fig. 3. Frequency of resistant population in S. preu-
moniae D-979 after 24-h cultivation simulated free
serum concentration at pazufloxacin administra-
tion of 500 mg b.i.d. and 1,000 mg b.i.d.

Open circles, 500 mg b.i.d.; closed circles, 1,000 mg
b.i.d;; solid line, growth control.

RRNIIEGR L 720 — 7, W45 HE 99.9% KT 12 1.9 B &
O'20h EFEFETD D, M ORER R B VTR
EB#INEh o7z ¥/ 0 v REOEHEOIREILE
I free AUC (FAUC)/MIC T V), S. pneumoniae T,
BIF R BRRRICLELE SND ¥ =5 v MHIE 25~35
UETHDZERMEIN TV EY, DITYIZxT 5
1,000 mg x 2 [f]/ H ¥ 5-F 0 FAUC/MIC & 353 T, % —
7y MEP 272 L TBHBY, 500 mg X2 8]/ H¥x5- & kb
NBREARDPHIR L 72 R SNT2e BB, AWGEITIE,
PZFX ) Inl H GE I 12 F2 0 L 7= BRK 28 T AR BRI B U %
1,000 mg (60 45-[H) H Il g #3: Ry 0 S B ) 72 1 28 F
A= WEAEH L7z 4B OBIBYLKRI P HT 7212 F i
L 72 PZFX 1,000 mg B )R 55 TAH BRI B 1) 5 1,000 mg
(60 25~ 1#]) HE Il n 3 % 1 © AUC, Con 3 & U Tild
5942 pg - h/mL, 1845 ug/mL B X O 3.0 h*'C, WMl
dEoEhEn, 12, LO0BIU13ETHY, MAFEE
ETH o720

% 72, 2006 4\ 4 S M7z S pneumoniae \Z X T 5
PZFX ® MICy i3 2 ug/mL T H®, #IE R (2001
AELLET T HERR) Y & AR OFEELEZ R L Tz 2h
S O ERHERS IR L, #r7zi2E e L 72 PZFX 1,000
mg RSB TR TR O 7z AUCY 2 215 L 7
1,000 mg x 2 [A]/H $% 5- k¢ @ fFAUC/MICy i% 41.2 T ¥ —
7y ME® &7 LTB Y, PZFX & S. pneumoniae % J5
KK &5 MRS TR ZERSRZRT Z L&A
Wires iz,

LA, F /0y REOEMWEE R TDH %HDNA
VXAV —ARMRA VAT —EIVILERELAT S
F 0 VRIEZ S, pneumoniae DI M AR & S T
BTG L &I R OB S

Table 3. MICs of pazufloxacin and ciprofloxacin with or with-
out reserpine against isolates obtained after 24-h cul-
tivation simulated free serum concentration at pazu-
floxacin administration of 500 mg b.i.d. and 1,000 mg

b.i.d.
MIC (ug/mL)
ciprofloxacin
Model Number of .
. pazufloxacin with
isolate alone
reserpine®
D-979
. — 2 1 0.5
(parent strain)
Control 96 2 N.T. N.T.
79 2 N.T. N.T
500 mg  [TttooTTTooopoooTTooommooooopesooooooooospeooooooooooooo
. i 1 (6)9
b.id. 1759 4 117y
2 (11)9
1,000 mg 89 2 N.T N.T
b.i.d. o o

3Ten ug/mL of reserpine was added.

PWe tested 96 isolates picked randomly from models.

9No amino acid substitutions in quinolone resistance-determin-
ing regions of DNA gyrase and topoisomerase IV.

INumber of isolate was in parentheses.

9All isolates detected were tested.

Abbreviations: N.T., not tested.

pharmacokinetics-pharmacodynamics (PK-PD) 2k %
B2 S T 722 BE L LT MPCPRIBENTWY
5o AL, THERHEEZNOOMEIZONWT, 20
FNEH S 2213 7 o Ty,

Madaras-Kelly 51, S. pneumoniae 1< 3 > T Cuw/
MIC 755 LA kT3 levofloxacin (LVFX) ~O[it P4 b A 32
Do olzZ &%, Homma 51, S. pneumoniae
% F\ 72 in vitro PK model DMEFIZB VT, MR HI3
Zh %785 X — 513 FAUC/MPC B & U fCyrar/ MPC
THYH, TNFN134 BL V12 D LoGE&ELIEEE
OOoNLho/zltEHELTVE, SRIObADILD
Bz BT, PZFX 1,000 mg x 2 [/ H % 58 D fCou/
MIC. fAUC/MPC 5 & UF fCun/MPC £ 21241, 636,
177 BXU3I8 T, ThHoflix ER->THY, B2l
PWMET LR 2= a YiEloohidolo—,
500 mg x 2 [al/ H ¢ 5: K¢ @ fC.roe/ MIC, fAUC/MPC B &
O fCou/ MPC X2 M, 382, 750 1 L TN 191 T, By
BF D QRDR D7 I/ AR DB X AP AR > T D
BUTTHEIIMER I N Do 72h, EZWA /21T L
RE2 L= a yAERDLNT, SROKEIL,
Madaras-Kelly 5% Homma 6D #ifs & — 3§ 5
BTHD, PZFX i, 1,000 mgx2 A/ H~NDOBRIZ L 5
RNBEOM LXK Y, S. pneumoniae (X L, HRMED
TetR 7 & O R I Bl o P o W] RetEAVRIE S iz,
L»L, S 1HROADHRTHSLZ DD, 5,
RSV O SR RN 1k B IRPEICBI L C, QRDR 52
HEECHE TOMFANLETH L LEZ LN,
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HARIEZRFRDOIEAT R RZHEATA K54 >~ T
(&, TR 2B D A BETRE TR OIPIREREE A
T 56, EEBMiREVOARGROES, 612
ICU &M E LT, @RPFD—2iz=2—
70 VRIS I N TV ST, ERIZB W THER
EhTwboa—F/0rREHETH S PZFX 500
mgx 2 [l/H & X OF CPFX & S. pneumoniae |2 % 3 2% 1t
BEAFLTBLT, FEEREEINIHREICHR T 55,
S. pneumoniae HIRHH Td 2 HE W ERN 2 EIRT %
a2 fall s b, 72, KETIX, LVFX ® MIC
W1B LN 2ug/mL OBEZHRIZBNT, ThEN
61% BLU71% HFTTIZQRDRIZ—T7 IV RER %
ATHIENWEINTBYY, THOKTIE, /1
VRIEORFEIZL Y S5 BMELOMFREIERE S
TwW5%¥, PZFX 1%, 1,000 mgx2 al/H~O¥EIZ L )
S. pneumoniae \Z x5 U A WVEDHEDR T &, S. pneumoniae
DEEDN BB L THRREFERICHT s L
WNTEHLIEDD, HEISHEMETOANBY) 2 A RFE I
X BMRHEACOIHNIIFLGTEL EEZ LN, LAL,
&1%, PK-PD ICEDOW-HHEO HEHROR#LIZ T
TETEETHY), PZFX 1,000 mgx 2 I8/ H O JwE A
% MBI 2 K AL B & RO —_ A 5
A% EfT5HE & B2, PK-PD 8 L - @#1E A3 H
HEEzZbNM,

VL k, PZFX 1,000 mg x 2 [8]/ H ® [, S. pneumoniae
R L, AR 2 S OV s HHEEE] o 85 A
SHERHTH 5 REMEAVRIE S iz,
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We evaluated the bactericidal activity and resistant selectivity of pazufloxacin(PZFX) 1,000 mg bis in die
(b.i.d.), against Streptococcus pneumoniae by simulating the free serum concentration after PZFX drip infusion
in an in vitro pharmacokinetic model compared to 500 mg b.i.d. Results are as follows:

1) In the in vitro pharmacokinetic model of PZFX 1,000 mg b.i.d., PZFX showed bactericidal activity
against S. pneumoniae D-979, without regrowth occurring over 24 h. The area above the killing curves
(AAKC) of PZFX 500 mg and 1,000 mg b.i.d. were 76.1 and >104 ALog CFU * h/mL, respectively. Bacteri-
cidal activity of PZFX 1,000 mg b.i.d. exceeded that of 500 mg b.i.d. The free AUC (fAUC)/MIC of 1,000 mg
b.i.d was 35.3, which was 2.4-fold as high as that of 500 mg b.i.d.

2) Exposure of only PZFX 500 mg b.i.d. led to outgrowth of populations which were 2-fold less susceptible
to PZFX but had no amino acid substitution in quinolone resistance-determining regions of GyrA, GyrB,
ParC, and ParE, and no increased expression of reserpine-inhibited efflux pump. No PZFX-resistant popula-
tion was detected in the 1,000 mg b.i.d. model.

Our results suggest that PZFX 1,000 mg b.i.d. is useful against S. pneumoniae infection in ensuring efficacy
and resistant prevention.



