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Pharmacokinetics and Tissue Distribution of DWP20349
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Abstract— Pharmacokinetics and tissue distribution of DWP20349 and 20351, new quinolones, were ex-
amined in rats after a single intravenous and oral administration. Analyses of DWP20349 and DWP20351
in plasma. tissue, and urine were determined by both HPLC and bioassay (microbiological assay). The
plasma concentrations of the drugs declined biexponentially. The terminal halflives (tuz) of drugs
were about 114 min (DWP20349) and 105 min (DWP20351) after intravenous dosing, and were 77 min
(DWP20349) and 79 min (DWP20351) after oral dosing. The volumes of distribution at steady-state (Vd.,)
and total body clearances (Cl) of DWP20349 and DWP20351 were 760 mi/kg and 1126 mi/kg, and 5mi/
min/kg and 10 ml/min/kg. respectively. The extents of bioavailability of DWP20349 and DWP20351 after
oral adminitration were 29% and 28%. respectively. 24 h urinary recoveries measured by bicassay
were 1.8% (DWP20349) and 1.3% (DWP20351) after oral dosing, and 2.4% (DWP20349) and 1.9% (DWP
20351) after intravenous dosing. Plasma protein binding ratios ranged from 87%~90% (DWP20349) and
61%~68% (DWP20351). These drugs were highly distributed by the order of lung, kidney. liver and
plasma (DWP20349), and lung, liver. kidney and plasma (DWP20351) after 1 hour orally administered.

Keywords [ DWP20349, DWP20351, ciprofloxacin, pharmacokinetics, bioavailability, tissue distribution,
urinary recovery, protein binding.
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o] Yol A agekdete] dist 849 St &
FEUGY o) AP AME A 2] 7930
AFA2HA @ oA ELd 4 3ove4-vi 3
2ovAn 2 drE EYst] 2¥S4 AL oh
2 aYA TN T Hojd IJABNE AEE FYe
059 QAR E 759l S. aureus, S. pneumoniae,
2 methicillin-resistant S. aureus (MRSA) SlA
¥ ohet, el M Rgell of2lgo] & Bacteriodes
fragilis, Clostridium spp., R Fusobacterium spp .o &
3= ode} #Fol ti¥ minimal inhibitory con-
centration (MIC)7} CPFX$} -2 &4 'da) AL
E PRASEY 58 Aoz Jelgtt® 5§ in
vivo| M= CPFXE v %3 7|1& AEEA FAEZA
H)3] AFEE-A7F F4(area under the concen-
tration-time curve (AUC)) % ZZHEE7} Hojy”
ol AZ9 EHL of&3 FAUEZ S NubrlsAo]
A HrhE At

SH g8 Ao ME Aot A g e g
AEAY B 7|Q0e SERAFFEL oA WA o]
By gl vl FAEA A Hojd F4F
AgETY} ¥ ZALE Fo] HA3 87HA
Atk 53] fobe] Ty 7|BAEFT 4 HAY Fol &
2 usg ddEy glo] B ¢hHEtR w2 HEXE
g #d v Qg g Hold Fage] 345 = Al
28 ATE FAERY o] AlFEA 87HI
F=

upela olglre WA o g B A Zae) 79
Aol 3-oluj-4-vjAX| e vjA 2LV E 71AH
A, 54 #2388 B8 335 3l in vitrodd ol
Hold® A7 AxEd FAEAA DWP20349 2
DWP20351¢] 8 79590 sig = 1A g9 ¢
HzA YoM o] FBFHLE Hrieh oFFe] AR
¥ Ax 5 & stgot. w3 F sgE] 7}
e FZ24 2GolzA C8YAHdA e -Clz -OCHy7|
7} 229 AU FEo)] ol FEE F| vlws] B3
2} stk o) & 93l o]& EHE A HATFAR
o] AAolEE P 5 setverE I,
w3 24 BXAYY o2 =F HeET Ay
AFEL P8l AL FaAEZNY AR 5SS
Hrlalazt stk = EARE 71E AlgsEe]
2] AHEE 3 Q= CPFXE °]83t AUsH 548
Cl ke =3
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Fig.1— Chemical structures of DWP20349 and DWP
20351.

AEYy

AI2HE - 28l AME-§ DWP20349¢F DWP
20351 2 ciprofloxacin (CPFX)2 t)-$Ale} S}
2 AT FgAHE AL AT DWP
203499+ DWP203512 Fig. 1901423 C8x]oll -
Cl (DWP20349)¢t -OCH, (DWP20351)7|9t t}&,
A RS A= AT AsEA A2t} =3
UV spectrophotometer (Hitachi, Tokyo, Japan)
g o|83td Z+ BAY FEx: FHA 47 291 nm
(DWP20349)¢+ 290 nm (DWP20351)14 AQAE
Vet

Al#%R - Sprague-Dawley (SD)H 5~658
A ##E Charles River Co.(Atsugi, Japan)olA
Tt 15 o)l +31A1A 200~250 g€ A& AHE
skt

OHRMRO] 3 2A| A

AU SEj ¢ - o E AFE HE L A AFE
of 4 GAFAIA] FEFo] E QYL Bol5A 37 A
3 ol e wiF st e =T L Y E
Jza HFH (PE 50, Clay Adams, Parisippany,
NJ. USA)E ekt AlgE4d-e 7} o8 60 mg
& &3] HMAM 5mie] FF59 0.165mig] 0.1-
M NaOHEH & Yol ¢A3] §3A7 ¥ oA AF
EEol 6 mI7t H=E ZAS k= (% pH 8.9~9.7)
£, 8F 7} vhF el A 43 EE g Edstn BT
2 Hulhel] 20 mg/2 ml/kgE 22t T

ol AH= 4459 F£0.5. 202040741, 1.5,
2,3, 53 7 A A¥atd o, YAEAA = 0,
1,35 10,15 £ 30 ¥3 1, 2, 3, 52 7 Al7hof] ¢
0.2 m¥ A8 100 unit/mil®] heparing 5% 2
8 FAG. AT 92 FA] AR (12,000
rpm, 2%)3te] A& Felsta, A WA BF
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ST HIAENAT - oF vl AT FES 83 20
mg/kgel o2 JuFAL (AN} At F
o (sonde(WE717], M&)E o83t HANF 4}
A o] x|l Al AAEIA T} 8 24 AR AlF sk A
&of| o] &3ttt

XX BX 917 - DWP20349 ¥ DWP203518
S #H) 20 mg/kgE AT H A9 FA% ohg, o F
Fol 1 A2 ¥ ddldd o33l &3] Bojgdon
Re] Ag AFstn HENE S Avke A A9
FE 28 BFAA =AY AL AASA. A%
A H, g A 2 T AE et &
A7 =% 4 wjEe] 0.1-M A3 (pH 8.0)& 7}
stm Z2E47] (UltraTurrax T25. Jankel &
Kunkel, IKA Labortechnik, Stauferi, Germany)
2 dZSIAA, 3000 rpmolA] 1087 YA RS =
A NS AAZ &t bicassayH o2 kst

Sy chunol MM - DWP20349 % DWP
20351 =} CPFXell uigt A1 83 459 (Sigma,
St. Louis, USA, 4% in phosphate-buffered-sa-
line (PBS))#}el AE-S &l o33 & ol8dld &
Aok ? FAdE yos =AW 7 oFES PBS
£ o] &3t 0.01, 0.025. 2 0.05 mg/mi¢] 5% (pH
7.8~82)F 3|A3le] o] E2HE 0.1 mlE M g4
@ 0.9miot 4 F, M-F] 5] FHA 37°C
oA 1A17F F7t sl A ZATE T 0|5 AIRE 3] o
7] (Amicon Div., MA., USA)ell ¥o] 800xg, 10
B3 A4S dtsitt o) Ry} 7he 7 Fole
20% vigto] E|EE3le) Aozl o d-g bicassayyel
A3t el e FE AEste] the Aol ulebA
AREE T EE 7 GEL A7rie] F3HE X
2w Ao #lEt) (adsorption factor=0).

AEE(%) = (C-CP/C%100

C:etEe 5%
Co vlEE e 5=

oHRO| ST #4

HPLCYO|| offt 2% & ofFC| M2 - 8% ¢ &
£ =7t gAEE AE Fol7] Al Alwhd s
Shim 5 '3 blank %3} acetonitrile
1112 x2l3te] 9Al&al (12,000 rpm, 5837134}

Table I— HPLC condition of DWP20349 and DWP20351
in plasma of rats

Instrument ~ Waters HPLC system (Waters, Massac-
husetts, USA)
Detector : Waters 484
Pump : Waters 510
Tritegrator © Waters 746

Column u-Bondapak phenyl (3.9% 300 mm, 10 pm,
Waters)

Mobile phase acetonitrile/100 mM KH.PO, (24/76. V/V)
pH 3.0

Flow rate 1.0 mJ/min

Detector UV detection at 291 nm (DWP20349) and

290 nm (DWP20351)
Injection 20 W
volume

Aojzl A HLE Table 19 AN A 51e] W3] 5
ojZ7} Y& ARSI, A5 thE Fo|zete] A
242 ZAIEY. =3 DWP20349 2 DWP
20351 &9 (20 mg/100mDS @AKo E 3]A 3l
blank 83l Yol 25, 5, 2.5, 0.5,  0.25 ug/mie
TEZ PHHE ANEE AFsIF o olw AlFe) A
o 7 F Aagda U 204 Akt
CPFX%E Gua 59| W& M3 Cho 59 ¥yl
wpe} QFalgie}.”

Bioassay B{0f| oI5t QfgO| E& B4 - A elM <
FETE FA I 27 €Y, ¥ uF FE By
@ JiA v ZE 3 bioassay (microbiological
assay)H& A8l A@slgct 2 Algu) ek &
%+ E. coli 0558 Fleisch extract broth wjx]o| A 3}
2l wjagl FAE 111002 3|M 3k, Mg Tl
2mlE 100 mi¢ ¥i#] (Muller Hinton broth 2.1%.
agar 1.7%)° 2#3ted large-plate agar well dif-
fusion techniqueZ ZA3t9th QA5 4= (DWP
20349, DWP20351 € CPFX)9 5%+ Y 529
blank Algol UG AF2& 715ke] THE P ¢
& Astd L, A7) 29 T FEFEE 0.1-M 2
A5 (pH 8.0)0 YA F FES 718l ThE A%
A& o) g8t LaAt”

HO|E{e] 8y ~ AdEL£A4 (halflife at ter-
minal elimination phase (t,). AUC, area under
the first moment curve (AUMC), Trax B Croad &
a5 DWP2034% 2 DWP20351¢] %%-A17F glo]
ElS 58 AdE5e) L2139 RSTRIPLZ fitting
regressiondt ¥ F3ljon o) ARYE uwigloz

ol
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volume of distribution at steady state (Vd).
mean residence time (MRT) 2 total clearance
(Cl)E oS3 Lol ARl ct. =3 CPFXE 233t
52 220 2HEEA HEELS dose-indepen-
dent3} linear kinetics& H.ojEol whe} ofele} 2
AAA L o) g5to] R0l &g (BA)L Faigiet 2

Vd,, = (DXAUMC)/(AUC) (D : £43)
CL=D/AUC (D : %)
MRT=(AUMC; /AUV,,)

BA(%) =(AUC, /AUG;,) X 100

SBHEN - HE AP HFEEELAZ HAF
dow, A¥Ane feold HAL one-way ANO-
VA test& B3 93 zbol7b A+=AE Duncan
multiple range testS o83t FF ARG

A8 AR

HPLCH -~ 8% DWP20349 ¥ DWP20351 5%
A tig HPLC AZ9E 23S Fig. 20 Ve
ot Aot agdellA BRo] 83 dAeiA e DWP
20349 ¥ DWP203512 & A 3olM AH&-3 HPLC A
ZFxHA e Sagd Z FYHAL FAARE
< DWP203492] 7% 10.5 ¥3 DWP203519] 3%
9.3 ®olAtt. o9k A= 0.1-N NaOHeA 9] 2}
HEFE AR A 2Fe} dRehk= ZeE Hol ARy
E} glo|39ke] 4528 Qe Aoz AZE £H

156

10134

Fig. 2— HPLC chromatogram of DWP20349 and DWP
20351 in rat plasma.
A-1: Spiked DWP20349(2.5ug/ml) in blank
plasma
A-2: DWP20349 in plasma
B-1:Spiked DWP20351(2.5pug/ml) in blank
plasma
B-2 : DWP20351 in plasma
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chil g o] BZE AAA JEP = e Bola /A
AZre) Wgte gy Aoz Alggd Z ok dis)
g 92 EFolzte) AL 0.25 pg/mielde] ¥
HAolA F2 A4S 2o rgk 0.9995 (DWP20349)
2 0.9948 (DWP20351)°1itt. CPFX% E} 3o]=¢}
o] As 8ol gl Ao AAHNLH 11.0%9] &
2)A1Zh 0.25 pg/miol/de] HelelA & dAdS
2o rzhe 099699t (dHelels UehgA] 949k2).
HPLCA %ol glojA 7z} <Hgol i3t interday ¥ in-
traday coefficient variation& 5% Blete g2 & xjo]
£ Holx ket Eg Zt M FRA HPAEY
°F2 9] recovery oF 86% ~94% %21 interday ¥
intraday relative error= 5%& d7]x &3t}

Bioassay{ — HPLCEAd| o3t =2y o= A
<z BHaE g FE8e EEA 0] ol
o, 3t ARF7ME 2 A HAE dolMl
718l ZH oMo FEEAL bicassayHS o434
o}t 18} bicassaygell 9§t A2 2] FF-2 HA) A
g 4 e 22U iAo 93 oka g FEleR A
B3k o329 - E utgsted A7 ok g
3tz oFE 9] FE: equivalentd E. coliol 809
€ e BZY w22 Y. 3 =¥ 74 4E
o} A 9] AalEQ] B38| & 813y 9l 23%
F 233 5954 bicassayi o2 ABEAEAC)
zx, 9% 9 o AFE i DWP20349 %
DWP203512] bicassaygoll &% AL 4 FE ¥
E AN B2 S 2oy gt 47 0.98
o]eltt. g CPFXE A9 5Y% 2xE 4t
(r=0.98°]¢, dlolels JERNA &43%8). Bioassay
ol 4= interday % intraday coefficient variation<
tha 3ol BYot 10%E |7 &steh =3 oF
9] recovery g Al 90%°) ol Ath

8 % = HEST F0| - HPLC 4 9%
879 g9 2 75 (20 mgkg)Al DWP20349
% DWP203519) 835 =-Al7 343 £ 5 & g
E1Z Fig. 3, 49} Table Il Yehiict. 2k Ax= o
ETH X2l RSTRIPE ©]83}9 biex-
ponential elimination® @2 fittingdlA & 4%
A4 (AUC, AUMC, ty25. Crnax = Toe) S T3HATE
E3l o] ARE vl o2 Vd,, Cl, ¥ BAEZ A
k. 2 fitting Hlo)€k] regression ¥ r'gte AWF
Ale] A9 099801 e, AFF9 A= 0.9%4%
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th. HPLCH ol oj3f 78tz ZRr7] Ad4te) wizdr]
(tiop) = DWP20349¢] 7%, A=FA 1054627
BT 1147801 en, DWP20351¢] 7%l
791118 (BT 82+ 128 (B7Fd)& vt
Ebict. 5 oFE 9] ootk E A= CPFXe) At vt
7271 (611108 (AAFAD R 54168 (BFFH9)E
o 20204 AR E A AdE Aot £§ F oFEe]
AAFAA] FAIFAIZE CPFX  (83+8%) 5t
30% (DWP20351)°ll4 1717+ (DWP20349) t] d%

100 O : CPFX
O : DWP20349
A : DWP20351

Plasma concentration (ug/ml)

A T T T T I T T t

[¢] 60 120 1B0 240 300 360 420 480

Time (min)

Fig. 3 —Plasma level time—curves of CPFX(0), DWP
20349(0)) and DWP20351(A) after intravenous
dosing of 20mg/kg in rats, determined by
HPLC(n=4~5).

Each data represents the mean+S.E.

HAth F+FodA DWP20349 ¥ DWP203519 €
% HI1FE(CradT 10png/m! (DWP20349) % 7
ng/ml (DWP20351) & DWP203497} DWP20351¢
B3} of 30% 8= EA Vet £ oo TR
£ CPFX9 5pg/minch BAE 2. w7k & 57
olth. zt k&l thet Tau 2817 (DWP20349).
16+3% (DWP20351) ¥ 15+2% (CPFX)o.2 <l
HAoh AAFALL B Folo tid DWP20349 %
DWP20351¢] 835=-A12F 438 B4 L& CPFXE
o FeH e FrHelT. & DWP20349« F oA}

100 O : CPFX
(] : DWP20349
A DWP20351
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Fig. 4—Plasma level time-curves of CPFX(0), DWP
20349(0) and DWP20351(A) after oral dosing of
20 mg/kg in rats, determined by HPLC(n=4~5).
Each data represents the mean+SE.

Table II— Pharmacokinetic parameters(mean+standard error of the mean(S.E.)) of DWP20349, DWP20351 and
CPFX after intravenous and oral dosing of 20 mg/kg in rats, determined by HPLC

DWP20349 DWP20351 CPFX
Parameters LV. P.O. LV. PO. LV. P.O.

n 4 4 4 4 5 5

AUC(ug - min/ml)  3980+448"  1130+611°  1950+146™  535+762" 786+113 445+668

T/2s(min) 105+6.28*  114+7.43° 793+114  81.8+122*  60.6+9.78  54.2+6.44

MRT(min)* 149+12.1 111147 83.4+7.98

Consn(g/ml) 9.89+0.871* 7.12+0.334 4.86+0.295

T max(101I1) 27.6+6.78* 16.3+3.21* 15.4+1.89

Vd,(ml/Kg) 760+67.8* 1130+77.4* 2030106

Cl(m!/min/Kg) 4.78+0.759* 10.2+1.11% 26.8+4.12

BA(%), 29.4+4.31* 27.9+4.43* 57.4+4.37

*p<0.05 compared to the same route of CPFX
*p{0.05 compared to the same route of DWP20349
*MRT ' Mean residence time

*BA : Extent of bioavailability

J. Pharm. Soc. Korea
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Table I— 24-h urinary recovery(%. meantSE) of
DWP20349. DWP20351 and CPFX after in-
travenous and oral dosing of 20 mg/kg for 24
hours in rats, determined by microbiological

assay
Urinary recovery(%)
Compounds v PO.
DWP20349(n=5) 2.44+0.782" 1.79+0.392*
DWP20351(n=5) 1.93+0.231" 1.27+0.168*
CPFX(n=6) 31.6+8.81 14.1+0.719

*p<0.05 compared to the same route of CPFX

9} AT} oF 4,000 ¥ 1,200 pug - min/mi°|R e
® DWP203512 ¢ 2,0003} 500 pg - min/miIgch.
oletzre A¥= CPFXY ¢ 800 ¥ 450 pg - min/
miet v g o 1.5 wleA] 5.5 wiF = F7}3k Ao|tt.
5 oo AAlgalol’A(Clt)E 22 5 mi/min/kg
(DWP20349), 10 ml/min/kg (DWP20351)22 1}
Rttt A ElelA e EX8HL 760168 ml/kg
(DWP20349), 1126+77 ml/kg (DWP20351) 2 €}
Wl AAe]8-ge] A4S DWP20349: 29%. DWP
20351 28%= CPFX9} 57%9 vl g =f oF 5 wjA
T HE& Aoz e

83 RF 3|8/ - Table 11914 B35 X bioas-
say°ll 9ls #d€ DWP203499F DWP203512] 8%
3 Fge JuUFAL Ao BTolA of 2% olFtz
A CPFX®t} #9302 et} wrebd DWP20349
2 DWP203519) 8 5ujd e 1 A2 E A o]F
o] 7] gom tRE njstFEA Hele ALAZ Hf
Asl= Aoz Alg gt ey ol & tAAIE F old
F27 AL AeAe oS dFEHAA ok s3)
o} 3 ool A= gl RE FAEEA GEFH 2
ol F B2 aRTPF NaAEM 2 Bl 8ls
Ao 2 Bz}

=3 & BE - 3FH9A bioassayol o] AHaFs
DWP20349 ¥ DWP203512] z+ &7] & &X & Fig.
soff et 7+ 2 AWo 2 20 mg/kgFol 14]
% ArFe FEEIE YAUFAA DWP203497}
H (171 pg/g tissue))7H3 (41 ug/g tissue) XA (40
pg/g tissue)@A(13 pg/mil) «ole™, DWP
20351°] H(146 pg/g tissue)) 2360 pg/g tissue))
V(54 ng/g tissue))B3H14 pg/ml) €22 EHe
o HofAE AEEHA Yt EF ATFAAlL
DWP20349% #(52 pg/g tissue) 2444 pg/g tis-
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Concentration(ug/g tissue or ml plasma)

Plasma

Liver Kidney Lung Brain
Organs

g. 5—Tissue levels of CPFX, DWP20349 and DWP
20351 after 1 hour following oral or intravenous
dosing of 20mg/kg in rats(n=5~6), det-
ermined by microbiological assay. Each data
represents the mean+S.E.

*p€0.05 compared to the same route of CPFX
**1X0.01 compared to the same route of CPFX

p€0.05 compared to the same route of DWP
20349

Fi

sue))ZHH(3T ug/g tissue) )8 (8 pg/mi) ol e
o} DWP203512 #1(99 ug/g tissue))7H3(39 pg/g
tissue) > (37 pg/g tissue) )85 nug/ml) &2
DA FAFG £EXE Bk a2y CPFXe] A9 7H
A otk HollM e mid 4B Tee A
WEaA] 4zt Hi 46+8 pg/ml (DWP20349)<}
36+6 pg/m! (DWP20351)0l o, ZHTFFAA|
13+3 pg/ml (DWP20349)9} 2544 pg/ml (DWP
20351)01Uct. HolAe] F oE FEE CPFX$ vl
Al ol Zaeta & 4 9L

Sychao| BN - Alsh HHYLFE) oidt 2
8-S Table Vol YeRAKITE Zzte] oFE HX(10,
25, 50 ng/mhol uwel DWP20349% <F 86%°14
88%eu, DWP20351& 64%914 70% AXEATH,
5 kgl tigk o] i& Axl= CPFX S BIn(19% ~
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Table IV— Binding ratio(%. meantS.E. of 4 observa-
tions) of DWP20349, DWP20351 and CPFX
to human serum albumin

Concentration

(ug/mD) DWP20349 DWP20351 CPFX
10 87.3+0.43 68.0£0.82 257£561
25 889+151 61.0+x1.76 25.3+2.70
50 90.0+026 674x1.18 2411384

25%) A 3uloll Al 4} A= AfrEo] & Ao YE

s =3 DWP20349¢] 7% thd =&

&g e ot ofe] ¥ iHEAYLS & 2 2o v
= FsHA A H1E(F 88%) S EATH

L -

DWP20349 2 DWP203512] #FolAje] Ahsel,
nEud, 2ARYE 9 aiAPES HPLCH =&
bioassay$ & o438l ER1Edct. AUEel Aol
G2 AW L TR £ HPLCHRe R dF 5
okE o] ¥R E AFFo N o] FFEA FAuers
Arzslget, ey dogdy A9 g9y dEEE
w3ale AL FExbA Bole} @S AYE ¥
Z AIAIE TSP E biocassayE o83 A
Hrt A o9 293 2oz wuyT okt uf
A 2ulE oFE st W7z HPLCH® bicassayd &
e dA o Rop & Aojrt. 1eivt APl AR
B 5 F2e] A4 1417 (HWFA] DWP2034971 oF
16 ng/ml (HPLC) 2 14 pg/mi (bicassay)°l.o™
DWP20351¢] < 11 pug/mlI(HPLC) 2 13 pug/ml
(bicassay)oltt )zt 241+ (AWFXAA] DWP
203497} ¥ 10 pg/m! (HPLC) 2 9 pg/ml (bioassay)
o) e DWP203519] ¢ 5 ug/mI(HPLC) B 7ug/
m! (bioassay)oldtt.) 2 3AI1zF (FUFAIA] DWP
203497} ¢F 7 ug/ml (HPLC) ¥ 6 pg/m! (bicassay)
o) e DWP20351¢] < 3 pg/mi(HPLC) 2 4pg/
m] (bioassay)olth)olAe] P AlEu GEE o
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