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Pharmacokinetic Study on DWQ-013, a New Quinolone,
in Rats and Mice
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Young Sook Kang*, Young Hyo Yu and Jae Wook Lee
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Abstract — The pharmacokinetics and tissue distribution of DWQ-013, a new quinolone, were examined
in rats and mice following a single intravenous and oral administration. DWQ-013 in plasma and urine
was determined by both HPLC and microbiological assay. The plasma concentration of the drug dec-
lined biexponentially. The terminal half life of the drug was 1.11+0.14 hour after intravenous dosing.
The volume of distribution at terminal elimination phase(Vds) and total clearance of the drug were 1.29
+0.151/kg and 0.78+0.09 I/h/kg. The bicavailability of DWQ-013 after oral administration was 56.0%
(HPLC) and 77.2% (bioassay). respectively. Twelve-hour urinary recovery of drug was measured by
HPLC and bicassay to 0.035+0.009% and 4.71+0.66% after oral dosing, to 0.055 +0.014% and 7.65 =+ 1.53%
after intravenous dosing, which may indicate the presence of biologically active metabolites. Binding of
the drug to plasma proteins ranged from 97%~99% at various concentrations. The drug was highly dis-
tributed in order of liver, kidney and lung after 1.5 hours in mice.

Keywords [ ] Quinolones, ciprofloxacin, pharmacokinetics, bioavailability, tissue distribution, protein
binding
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Table I — HPLC conditions of DWQ-013 and CPFX in plasma and urine of rats

Drug/Parameters Conditions
DWQ-013
instrument Waters HPLC system
column u-Bondapak phenyl, 300 X 3.9 mm. room temp.
mobile phase plasma: CH,CN/0.1 M KH:PO.(pH 2.0) = 54/46
urine: CH3CN/0.1 M KH:PO,(pH 2.0) = 50/40
flow rate 1.5 ml/min
detector UV detection at 288 nm
injection volume 20 !
CPFX
instrument Waters HPLC system
column u-Bondapak Ci. 300 X 3.9 mm, room temp.
mobile phase plasma: CH:CN/0.05 M KH:PO.(pH 2.5) = 20/80
urine: CH4CN/0.1 M KH,PO4{(pH 2.0) = 54/46
flow rate 1.0 m!/min
detector UV detection at 288 nm
injection volume 20 pl

(12,000 rpm, 5%3H &t dolzl A A& Table 19
Z300A EAste] wal Ho]art gleg Fldda,
A8W Elujolzcte] HE LS FASIHTE 3
DWQ-013 £9(20 mg/100 ml)& 975 o0& 8|4 st
o} blank &3 Wol 25 5, 2.5, 0.5, 0.25nug/mig]
o2 A%AE A8 ARSHY. T3 CPFXEY
< 93l A= blank @Al 50, 25, 5, 0.5, 0.25
pg/mle] F52 A zarr) oi7)e) %< acetoni-
triled 4o 182 38t Y4 F2(12.000 rpm.
5873k 3, Achste] A HS ATt o] A A
20 g GuaSel H¥"E ¥¥AA HPLCE Table
[9] 243l A HEA & 2 ste] FEstat.
HPLCH{(]| Qi8t 2F okmo| M2 -sulfide’|& ¥
35k A FBo) (Y D& 2T i ER ) &
ZollHe] ofBe] AL 48 HUR 7ha]F)7] ¢
) Aty al B FEn4dE AXA gl Joos
5o wTol M M 2 2 50 pE o) FACR 34
3lx oJu & HPLCZ A& th 8% DWQ-0133%
CPFX9 A 244 HPLCe &3 &4 5 k29
AgA U WHo R AF € JolAete] A5
ZHE F-F& 29lsk9lal, blank 85 50, 25. 5. 2.5,
0.5. 0.25 ug/mlx =7} SA A zste] PFMS 24
sksrh.
Bioassay#i0fl 2|8t eHR| &= B - =2, ¥y o
8% b FEF E. coli 0558 Fleisch extract
broth wi#|ollA] &423) wiekdl #HE 1:1002 84

st Mg 59 2 miE 100 mie] w1 (Muller
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Hinton broth 2.1%. agar 1.7%)°l 2}#3} large-
plate agar well diffusion technique® &4ttt
AAF FEY FEE FY F F9 blank A8l ¢
A kRS rlete] THE A o8] AR, B
7] F2Y Fo dEFEE 01M hiEA(pH 80)
o) A& oFES 718t vHE AP S o] Rt

HIOIE{S] 8N - 7 T DWQ-013. CPFX®] F%-
AZE HIOJE & 0] 88t 1, AUC, Thax, Crax® 78
Gom Vdg, BHO|LE(BA) 2 Cl& oh&3 ol A
Absrct

BA(%) = (AUC,,/AUC, ) x 100
Vdg = D/(B x AUC)
Cl, = D/AUC(D: 5ol k)

EARM -2 E AP YU LAFAE HAE
Qo AgAste] Feolid AAL Student’s t-testE
o] &3t

A

HPLCH - DWQ-013 ¥ CPFXe &% 2 a3
AZeETIWS Fig. 29 JEPITE ARubE T30
Al ol glz]el &7 2 g Foae] DWQ-013& &
Ao A AHE-gE HPLC AH@xAdA vlx]e] sjas
3 2 BEda FAAR- 7953 10,980t
olebzh-e A= DWQ-013 ¥3 A 8o ¥4 Aol
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Fig. 2 — HPLC chromatogram of DWQ-013 and CPFX
in rat plasma and urine.
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Fig. 3—Plasma level time curve of DWQ-013 and
CPFX after oral dosing of 20 mg/kg in rats.
determined by HPLC.

AR)3l= Ao "ol Alg| E} Hjo]9be] AF A
o] §lv= Aoz Aztdr} e w3 Folzke] A
2 0.25 pg/mioj el HYolA =& AHAHS v
r3E 0.9998, 0.9975019tt. CPFX® €} 9]o] =0}
AEargol gl Ao BIEgen 1108 2 21959
FA A} DWQ-0133 vhazkAlz H3dL 0.25
ug/miojake] WMo M 2o AALS B rghe
0.9999, 0.9969°] At}

Bioassay® - &% 22 a5 9 o AgrEol
DWQ-013% CPFX®] bioassay®ol & 7o
7 BF T HYOAM & AHAdE RYoH rte
747} 0,984, 0.991, 0.989. 0.993(DWQ-013) %
0.982, 0.987. 0.973. 0.993(CPFX)°] it}

BF HA Z YESE F0|-3F9 A L A7E
ool ¢l3k DWQR-013%} CPFX(20 mg/ke)e) &4
A7 ZAM ) £ 22 gelu|EE Fig. 3. 49} Table
11, 11191 YeRRleh. DWQ-0133 CPFXE 2-AstE
HE Zd2 Mg 5 9dles, HPLCH ol&) +
sledxl AR 7] LA vhdv e AWFEARA] 111+
0.1477H 1.89+0.43A17F0lAth. B3 A5 A
2.50+0.20(DWQ-013) A2k, 3.51+0.46(CPFX)AIZF0I
o} 12y bicassayBell 913 AH7] 24N V=
CPFXel M= AN 1844001, A7FA] 3.28
+0.502 HPLCH# A RARIE2Y, DWQ-
0132 W FALA) 1.3120.0477F, AFFoIA] 3.31+
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0.2047k0.2 oA A=} YERdtl DWQ-0139]
& H IS5 E(C, )= 4.4910.42(HPLC) pg/mi. 4.
51+0.48(bioassay) Hg/mle.2 A HAlslg o,

CPFX#  4.46+0.40(HPLC) pg/ml, 1.89+0.10
(bioassay) pg/mie2  FoA) #ig R

That™ A7FA] HPLCO 98 A#2x™ DWQ-
0139 4% 35.00+2.30%. CPFXi= 25.00+1.708-2
2 CPFX7} ta wEA JeEptow, bioassay+
DWQ-013°] 120.00+2.3082=2 CPFX2 30.00+
15.00 ¥Rl oF 4w =) A yebstch 5%
Al7b 2rAsl MA(AUC)E DWQ-0130] CPFXel H
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Fig. 4— Plasma level time curve of DWQ-013 and

CPFX after intravenous dosing of 20 mg/kg in
rats. determined by HPLC.

EolA] CPFXETH frojd o= 27ttt & DWQ-
0132 HPLCoI A miatel Z41RaA] 25.90+3.10,
14.60+1.20 ug - h/mlo|2 2B}, bicassay°lA 40.60+
0.80, 31.10£300Hg - h/mle|ie}. £33 CPFXE
HPLColl4  13.80+0.70. 9.04+0.83 pg - h/ml,
bicassayollAl 9.01£0.86, 5.71+£0.23 ug - h/mi%
o AAFE oy~ (CL) = HPLCH 9&ir DWQ-
0132 0.78+0.12 ul/h/kg. CPFXT 1.45+0.04 pl/
h/kge 2 velgtt E¥Faore EFEHLE
1.29+0.15(DWQ-013) pl/kg., 3.96+£0.20(CPFX)
uli/kg2 vhebd), AH ] 8-8(BA)S HPLCEA 2
I DWQ-0132 56%. CPFX+= 65% = CPFX7} =9k
o1, bicassaydlM¥= DWQ-0130] 7%= 63%<]
CPFX®ET} i) E3F 53 ZedA] vts A8t
o dojzl Aol L8R A fAlsle] BF A 5%
ot

B3| RESPE - Table VoM BodF = HPLOS
bioassay¢] 23z 274 Yehdtl DWQ-0132 &
5L bioassay+= 8.35+1.08%. HPLCE 0.065+
0.021%°19 22, 7%= bioassayoll~] 4.65%£1.31%.
HPLCE 0.045+0.013% % Jehdth CPFXel A
Z=AFA] bioassays= 30.65+5.80% . HPLC+= 24.30%5.
00% 9} % 7-503 2] bioassay+= 16.08+1.32%. HPLC+>
15.63+1.29% 2131t}

AF =X F BE - 504 DWQ-0139] 2t 47
% %55 Table Vel el 4+72 40 mg/kgHF
o 1A17F 30% § AV1F9] FE Al o

2 wgter ne Pl AESA et
CPFX®] %9t 40 mg/kgFo Al 1A13F 3024 7t

Table II-— Pharmacokinetic parameters(mean+S. E.) of DWQ-013 and CPFX after intravenous and oral dosing of 20

mg/kg in rats. determined by HPLC

Pharmacokinetic DWQ-013 CPFX

parameters LV, P.O. LV. P.0.

n 7 7 7 7
Tyeap (hr) 1.11£0.14 2.50%0.20 1.89+0.43 3.51+£0.46
Crmuwlpg/ml) 4.49+0.42 4.46+0.40
Tomax(min) 35.00+2.30" 25.00£1.70
AUC(ug - h/mlD) 25.90+3.10™ 14.60+1.20*" 13.80+0.71 9.04+0.83
CL.(I/h/kg) 0.78+£0.09 1.45+0.04**

Vds(l/kg) 1.292+0.15 3.96+0.20""

BA*(%) NA" 56.00 NA 65.00

*p<0.05 compared to same route of CPFX by student’s t-test,

**1(0.01 compared to same route of CPFX by student’s t-

test, ***p(0.001 compared to same route of CPFX by student’s t-test. “BA: bioavailability. "NA: not applicable

Vol. 39, No. 3, 1995



228 Y - FH9E - HEL - ol F Y wE

9% - H9B - oINS

Table III— Pharmacokinetic parameters(mean+S. E.) of DWQ-013 and CPFX after intravenous and oral dosing

of 20 mg/kg in rats, determined by microbiological assay

Pharmacokinetic DWQ-013 CPFX
parameters LV. P.O. LV. P.O.
n 4 4 4
Tyam(hr) 1.31+0.04 3.91+0.20 1.84+0.01 3.28+0.50
Crax(tg/ml) 4.51+0.48* 1.89+0.10
Tomae(min) 120.00+2.30** 30.00+15.00
AUC(ug - h/ml) 40.60+0.80** 31.10+3.00** 9.01+0.86 5.7140.23
BA*(%) NA® 77.20 NA 63.40

**p{0.01 compared to same route of CPFX by student’s t-test, “BA: bioavailability, "NA: not applicable

Table IV — Urinary recovery(%. mean+S. E.) of DWQ-
013 and CPFX after intravenous and oral
dosing of 20 mg/kg in rats, determined by
microbiological assay and HPLC

Compounds Bioassay HPLC

DWQ-013(N) 1.V.(5) 8.35+1.08"" 0.065%0.021™*

P.0O.(5) 4.65+1.31** 0.045+0.013**

L.VAT) 30.65+5.80  24.30%5.00
P.O.(7) 16.08+1.32  15.63£1.29

CPFX(N)

**p<0.01 compared to same of CPFX by student’s t-
test

Table V— Tissue distribution of DWQ-013 after 1.5
hr following oral administration of 40 mg/

kg in mice
Tissue. DWQ-013(pg/m!) CPFX(pg/ml)

n 6 6
liver 7.85+0.47 8.05+3.73
lung 5.05+1.78* 1.97+1.04
kidney 7.62+1.98 5.80+1.81
spleen N. D. 2.54+1.01
brain N.D. N. D.

Each data represents the meanS. E.

*p€0.05 compared to same route of CPFX by stu-
dent’s t-test

"N. D.: not detected.

AEHEAH ol

gxjchnlol HEMM - DWQ-013. CPFX9] A3 &
Farmol i3k 2353 Table VIol YeRARAE 2}
zke] oF& H(5. 10. 50. 100 pg/mli)ol wte} DWQ-
013& oF 97%0llA 99% A oH  vhde] CPFX+ 19%
ol A 25% At}

n @

DWQ-0139] AW elE HPLCH Y} bioassay® <

Table VI— Binding ratio(%. mean%S.E. of 4 ob-
servations) of DWQ-013 and CPFX to
human serum albumin

Coneentrayo™  DwQ-013 CPFX
5 97.1820.03 10.43+4.38
10 98.23+0.05 95.67+5.61
50 99.02+0.06 24.13+3.84
100 99.14+0.04 25.3141.06

2 st 830 FHWFAg DWQ-0138] £¥
P35 9712 HPLCO 2siAs AHuFEARA|

et 11141 A, ZAFFedA] 2. 50417 0]t 1
2L} bioassayoll A= o2t} 2t A|d® 1,312k
3.91M7 e 2 YeRttt CPFXS] ¢+ biocassayol
o3k Axjel HPLCH &g A7t A2 FAletd o,
°F 1.90A17F2 3.44] keIt CPFX S| ohe A4y
o o3} AtEg R & A FAY dv)s
2.51~5.4242 " 4kt 7)) 3~44124 " 200 mge) %
TEAA 4.1140.74412H 7ol At 82 o o
Al M= 171 HEAH 7l E 042403, EEF
AF AN ¥z = 3A 7RO R T) 13) w3l DWQ-
0132 ,,m;t ATFIA] 4,49, 451 pg/mlolQler
CPFXi= 4.46, 1.89 pg/mie)gr}, o] A& DWQ-013
o] el 77 H MRSA s Hd) MICF=
(0.4 ug/mDHBET 108 AR 22 =24 oA
2|42 7o) BO 5 44]7) o4 frR ko 29} Y

HPLC2} bioassay0ll /8t MESE - A7 %4 1
WS Falo] el DWQ-0139) AUCE CPFX9
AUC(5.71~13.80 ug - h/mlye} vlwdt of FolF<gl
ztolg HoFedl, AWFA] 25 9(HPLC), 40.
60(bicassay) Mg - h/mic]Qow ZHIEFAA] 14.6,
31.10 pug - h/mle]it}. o]9kzro] bivassay'¥ e 2

ok ol
0?~
ek
o
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7} HPLCA Hr} o 4 vehd 2& 5 A}
AEel st &apoll 71Ql¥ RoR Arigrt. kA
CPFXe] £33 AlgollAl 6.78~9.81 pug - h/m!"
T3 2.0~3.4ug - h/ml"ge}

T3tz Aol AAC] SEE F gzl tha zbo]
£ Bk HPLCH | ¢l3te] ahedz] Aol A&
B WQ 013¢] 4% 56%. CPFX9) 49+ 65% 4
v}, vl of bioassayHoll &3 AA|o]&-& 2=
2}‘3]% B 77%(DWQ-013) 9+ 63.4% (CPFX) At}
3o B g vl o3pH CPFXS] AAo]8-& A}

ge) 49 52~84%." 70%." 11%."" 69~85%" A2
o ol 1= 25% 7}

DWQ-0139] 44l Felojel = 0.78 w/h/kgolv .
CPFXe 145 w/h/kgolgdeh 18uh LodeE2
CPFX& Abddoll A Fol § 2.32~2.80 ui/h/kga,

ATRAAl 8.65 W/h/kgdS Harskelrl. w3 18,5
Bi/h/kg(p.o)™. 16.5~21.4 pl/h/kg(iv.) P52 B
I% du}, whdol o] HAlFe]oiH = 1.6
Wi/h/kg. DsoldlAiz 0.28 pl/h/kgd et

CPFXe] #¥&242 3.96+0.15 pl/kgsltl vhatod
DWQ-013¢] #¥-84L2 1.29+0.15 ul/kgct. 1o
U CPFXo| d& Vance-Bryans-e 211" Algko)
Ar7] BELH0] 1.74~50 ul/kgdl Aoz ®als}
Aot 3 3.5~4.8 pi/kg(p.o). 2.32~2.89 ul/kg
(iv)ee 24 ek sk BAFe|M CPFXe] 4
Adeol o] BE8H(Vd,) T 460/
kg, BFel F 9.3 ul/kgolAth " wE dgololA
=4 U“I—row 1.8 Wi/kg. 7125014 16 wl/kggich"”

LF3] 580 loiA D\N’Q~O13~ Huh AL 8.35%
(bioassay). 0.065% (HPLC). -] 4.65% (bi-
oassay), 0.045% (HPL.C)=4 - o‘ﬂ’*oﬂ 1008 ©]
o) zpol & Rl FRrt. olghto] Wi @S HE Y
bicassay$3t HPLCHel €&k 7 Axke] zloli= DWQ
013 A=z o] v Ad Bl AL 9] s do]
Ao wo. HEBS 2}x)3lm, QoA AAFE 7 2 &

HHG 7HAv= A} B2 7be A B AJARSRCE, B g
&% B3 o 9)o] tpE AR E o] &gk ujHaEo] 7
e shsA T 2 o g Alaglct CPFXys Aulga}

o} A-EololAl HPLC S bioassayy M5 ¥l5:8 <

g Bl Fgom T SR HDWQ-013, CPFX)
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