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Abstract — The present study was conducted to investigate the placental transfer and pharmacokinetics of the flu-
oroquinolone antibacterial DW-116 in pregnant rats. The placental transfer and pharmacokinetics of DW-116
were oxamined after a single oral dose of 500 mg ['*C]DW-116/kg on gestational day 18. Maternal and fetal tis-
sues were collected at 0.17. 0.5, 1, 2, 4, 8, and 24 h after dosing. Maximum radioactivity was detected in maternal
plasma, placenta, and whole fetus at 1 h, and in amniotic plasma at 4 h afier dosing. Thereafter, radioactivity grad-
ually disappeared from these tissues and was 16~28% of maximum levels at 24 h after dosing. Radioactivity in
whole fetus werc higher than those in the matcrnal plasma and placenta. The Ty 0 Ty p AUC, Ty, and Crgy
in the maternal plasma were approximately 6 min, 13.3 h, 1620 ug*hr/ml, 0.5 h, and 136 ug/ml, respectively.
Those in the placenta were approximately 20 min, 12.3 h, 2150 ug*h/ml, 1.0 h, and 172 ug/ml, respectively.
Those m the whole fetus were 13 min, 12.8 h, 2549 ug*lvml, 1 h, and 191 ug/ml, respectively. In the amniotic
fluid of maternal uterus, the Ty, T AUC, Ty, and C,y Were approximately 1.3 b, 9.3 h, 2508 ug*h/ml,
4.4 h, and 135 ug/ml, respectivcly. While DW-116 disappeared biphasically from maternal plasma, whole fetus
and placenta, it was eliminated monophasically from amniotic fluid. In conclusion, this study demonstrated that
the absorption and distribution of DW-116 in maternal plasma and placenta were extengively rapid, and that the
test chemical well passed the blood-placenta barrier and was transferred to the fetus.
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Fig. 1. Chemical structure of DW-116 Asterisk indicates the
position of 14C.
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Table 1. Maternal and fetal tissue distribution of radioactivity in pregnant rats given a single oral dose of 500 mg [**C]DW-116/kg on

gestational day 18

Time postdose (h) Plasma Placenta Whole fetus Amniotic {luid
0.17 102.7 £ 433 70.5 = 14.8 90.6 £ 30.5 104 = 1.56

0.5 1293 £ 292 155.2 £ 30.3 163.8 £ 314 406 £ 12.2

1 1345 £ 156 170.6 = 23.9 2000 £ 244 74.6 = 14.0

2 101.2 £ 20.1 140.0 £ 26.2 164.5 = 29.1 123.1 £ 21.2

4 75.0 + 164 102.3 £ 24.7 1387 = 31.2 133.1 £ 238

8 528 £ 179 71.9 £ 276 89.1 £ 373 111.9 £ 34.7

24 21.6 £ 157 29.6 £ 235 32.8 = 300 374 367

Values are expressed as ug/mg or ml of tissue (n=3).
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Fig, 2. Maternal plasma concentration of radioactivity 1in
pregnant rats after a single oral dose of 500 mg/kg [M*C]DW-
116. Each value is expressed as mean and SEM (n=3).

1000 1
=
E
o
=
-
8
[
T 100
3
=
o
[&]
w
=
=
0
10 T T T —

4 8 12 18 20 24

L=

Time (hours)

Fig. 3. Maternal plasma conceniration of radiocactivity in
pregnant Tats after a single oral dose of 500 mg/kg [“CIDW-
116. Each value is expressed as mean and SEM (n=3).
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Fig. 4. Concentration of radioactivity in whole fetus following a
single oral dose of 500 mg/kg [“C]DW-116 in pregnant rats.
Each value is expressed as mean and SEM (n=3).
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Fig. 5. Amniotic fluid concentration of radioactivity in preg-
nant rats after a single oral dose of 500 mg/kg [**CIDW-116.
Each value is expressed as mean and SEM (n=3).
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Table IL. Estimated pharmacokinetic parameters for [*C]DW-116-drived radioactivity in pregnant rats given a single oral dose of 500 mg

[“CIDW-116/kg on gestational day 18

Fl== SN DW-1162) B IS

Parameters Plasma Placenta Whole fetus Ammiotic fluid
KOl (h") 6.534 = 1.339 1.871 £ 0.863 3.106 £ 0.615 0.514 = 0.094
K10 (h-1) 0.095 £ 0.015 0.131 £ 0.055 0.088 £ 0.021 0.074 £ 0.012
Tz, aws () 0.106 £ 0.022 0.371 &+ 0.172 0.223 £ 0.044 1.348 & 0.245
Ki2 0.139 £ 0.090 0.460 = 0.472 0.074 = 0.080
K21 (b 0.242 % 0.162 0.405 £ 0.149 0.174 =+ 0.299
AUC (ug*h/ml) 1619.9 = 179.3 2149.6 £ 84.20 2548.6 + 378.2 2507.7 + 2394
Alpha (h-1) 0.444 + 0.242 0.939 + 0.660 0.282 + 0.357
Beta (h™1) 0.052 £ 0.015 0.056 + 0.005 0.054 £+ 0.037
Ty o () 1.562 £ 0.853 0.738 + 0.519 2462 + 3.121
Tinp @ 13,337 + 3.859 12.273 + 1.129 12.770 + 8.737 9.309 + 1.531
A (ug/ml) 85.513 =+ 1848 342,07 £ 6223 115.62 + 80.79
B (ug/ml) 75.452 + 21.47 114.62 + 10.90 120.16 = 107.5
T, () 0.526 * 0.057 0.999 + 0.057 1.023 + 0.082 4.394 + 0.383
C,... (ug/ml) 135.96 + 6.009 171.72 + 7.384 190.53 + 8.117 134.62 + 7.806

Values are presented as means+calculated SEM (n=3).

F 2407 Aol F TR 16.4%=E. FFaslgrh. ool A
9} FEFEE T F A 2ZAE e, ©
F AR Zddle] Fof F 2| 7Alele FaIR] 9
28.1%% Vet AeiRlel S waldAd2 233
Al 2] a7lel vlE] A2 BE SAHATAM 2 AL
vehgen], okZe] Fa - BE - 2A4A)e] pEHEE B
AL Tl A oEs= AR vehgdt.

EAYA el Aejap g kel Mg e A
Fig. 2~5 “epligl, FEseideiely AtEdae
Table 2¢|A] B wle} 7k} A gAllA]e] DW-1162] &
T2 g ANl A 6% Y 13412 Ayl
o, FAEEAE-L 1620 ugtlvml, HIEF w7 g9l
HadFeEE 47 0.547F E 136 ugm =G, et
M) TRl W AN E 2 208 1243
Axgor], FAsEEL oF 2150 ugtvm, HIHFEE
EgAZE 2 HagFess 47 1A 9 172 ug/ml A
=R ezl 2259 FNP] 9 AR 4
138 2 1327 A=gew, FAPEALE oF 2549 ug*h/
ml, HTHEFr=rAZ 9 AnGFT ot 42 147
2191 ug/ml AZGE el Y] Fpubrdr] 2 S-AlE
Z71E 132417 W 9347 AEGT, FAsw AL o
2508 ug*h/ml, HTHF s EEDGAIE A THFTF e 44
AlZF 3 135 ug/ml A=G}.

il

2 A5 YalAEe] DW-1162 PPFHEo
3 ATFR F ophEte] g SHFNSYS Fhs

F &, TATEEE A9 FEEEAE e SAEA
AN ELE FRH7|E gh(Kato 5, 1993; Shin
& 2000). AAEAA A= b oz eulgaty) =
AF-E 5o SATHE 2AF] FAREEA o83l
Slek(Saillenfait 5, 1999; Abu-Qare 5, 2000; Schwartz,
200D).

TEET Bl A =2 SAE AT, B ARE
AL BFEANM ATFA F A Foee] gdo £
s, it wiEA g el A2 593 o wlRER o
3sle] eixkEA] F ofplE E¥Ee AR g B
FeolA ATFAE AlEEAL o] F 103H] 2EF
b ohje} gjAEA M= AGE] T2 AR EE
epflglen], Fof F 147 HTXE epligla, ofF
MAB] Zhdsle] 2427l RHE-e] 27 FITA] Y
ok 10~20%% viEPfglch. MextzA)o|Afe] valgAgd =1
7] BE AAeA mAEAL gl el A AR R
o= vehd S B AGEAe] eiuks wi- A Bals)
of €zl I E AL vepdd. =3 24 gl
o] vAkE Y ol Bl o] T 308-FE 24X3HA] A
oz A vEhd 2L diRlel MY FES] le] BAY
AR} o ejvhie A Wepdeh, AejAlEAs o] 7
T Fe F 24 E A BV Fasee] 164~
28.1%2 vielyted], o) 2 AlFEHe] YhE-Fo{Ed



48 Jong Choon Kim ef al.

RzAlel| FHo| E 7pgAE BedFi= Slo|w, BEES] A
71¢ wiElA oid T2 AN EEE el A BEE
Hot gl A BAFAAL e 715 oS T A
& oAls) E0

DW-1169] 58] A5 3 294 ez o ek
A A8 AZETEY FEFAHE S two-
compartment open modele] &7=|¢w FrIAe] o &£
FEEAP} FAA AALTAPE AJGEAS] wE X
9} A g Hed] =7 LALES eplgich ZAER
oA DW-116%] Fulz7] d 2ANRE = 24 63 A
13347 A== AeA)} 9 euk 2A]eA g2 st
719 £ Ao]E HolA] st} o= £ oFFe] 4l&s
Frsle] A RAGA | REEE ALE Hrls
oF 0547k FNEFTFEEGAZ 9 HITIFFRe| 5
ezl e & o 4 9ot ZAEAA Y et £
A2 a9 AR M ARl S 8 5 3
S, oli= DW-116°] BiNbE: 417 F3ale] elakzAof
A BEEICR= AE WERAT o) oA el £ A
HEYL TA M S| aAE /T 5 9lent HAgEA
frde] TVyeA =gk Fuar gktElch. g, ARkl ke
oflAMe] FASHAL BA YA e 2] FAsHA] vl &
7 (54.8~573%)81 T2 AR yeiged, ol & ¢
21550 ATFel® DW-1162 A &3]0 H]s efAjzA]
oM o & == A AR AL YEiE

EAA kel 2] o2y FEHlE A TEEYE
g, 27 ¢ 9.341 7k R AlEEe] el A7l u]4)
efEolalA|zte] A Qe AL o ¢ e, Hx
gew o zke] oF 444 7F0 2 et A%k olF &
A A FIL 9wt

Fluorquinolone #F# AlF2] DNA AS|[EA-S 41
HoZ AAIFAL 0|2 Qlele] gAY AHIITE A
GAZIL S (Gootz$}t Brighty, 1998; Walker, 1999).
a8l ciprofloxacin, ofloxacin, fleroxacin 52 4 Af
28 FAEITAE EFTEY A l8EIRES I
(topoisomerase 1I) ol = 2h&-3le] ML= EAE vieldvt
31 ghf(Yamashita %, 1992; Ebisuno 5, 1997). DNAeY
2431 NEESAEL S| WSS e e 2
@2z AR o™ (Chung &, 1998), #E23+47} /%
Eo] Slakel A EA: el S7HE QA E EeolA H
H Al T2 AEFAEE e il Az ERS
e L E = 9lg Z0E AlEgv} uhela] B AlgeA
Zogl ulke} o] YA FEo Foi¥ DW-116°] efx}ZZ]
o8 mEA o]l THEE A FEFH A7]E 7
AL Balo] WAEAS FUs 5 9lS HLeE waEeh

AEH o B AIgEAlY] WA 25 500 mg/
L

kg Sl M9 FEFHEA o] BASYE i

=N

> j}-'

g A F4, EE W A2 vepdehs A 4l
£} gntgatel g2l 2 52| 5AAQ] T E
ko el 4 gloint & HaEEA AT
DW-1162 W2/ F4Ee] ZAldde] A7 Txxg 2
FE5LT, wat gl efjul AP (blood-placenta barrieryS 3]
Fasle] AR 02 oY e & 4 AU

—
[+] )
£ A
T

ot

]
ot

=

Abu-Qare, A. W.,, Brownie, C. E and Abou-Donia, M. B.
(2000). Placental transfer and pharmacokinetics of a single
dose of [“Clp-nitrophenol in rats. Arch. Toxicol., 74, 388-
396.

Choi, K. H., Hong, J. S., Kim, S. K., Yoon, S. J. and Choi, E.
C. (1997). In-vitro and in-vivo activities of DW-116, a new
fluoroquinolone. J. Antimicrob. Chemother., 39, 509-514.

Chung, M. K., Kim, J. C. and Lim, K. H. (1999). Develop-
mental toxicity of DW-116, a new fluoroquinolone antibac-
terial agent, in rats. J. Toxicol. Pub. Health, 15, 495-501.

Chung, M. K., Kim, J. C. and Robh, J. K. (1998). Embryotoxic
effects of SKI 2053R, a new potential anticancer agent, in
rats. Reprod. Toxicol., 12, 375-381.

Cuffini, A. M., Tullio, V., Allocco, A., Paizis, G., De Leo, C.
and Carlone, N. A, (1994). Effect of rufloxacin upon non-
gpecific immune defences: in-vitro, ex-vivo and in-vivo
results. J. Antimicrob. Chemother., 34, 545-553.

Ebisuno, S., Inagaki, T., Kohjimoto, Y. and Ohkawa, T.
(1997). The cytotoxic effects of fleroxacin and cipro-
floxacin on transitional cell carcinoma in vitro. Cancer, 80,
2263-2267.

Gibaldi, M. (1991). Biopharmaceutics and Clinical Pharma-
cokinetics (4th ed), pp. 5, Lea and Febiger, Philadelphia.
Gootz, T. D. and Brighty, K. E. (1998). Chemistry and
mechanism of action of the quinolone antibacterials. In The
Quinolones (2nd ed) (V.T. Andriole, Ed.), pp. 29-80,

Academic Press, San Diego.

Han, K. O., Hwang, Y. H.,, Lee, W. Y., Chung, Y. H., Yoon, S.
J. and Lee, D. K. (1995). In vitro and in vivo activity of
DW-116, a new quinolone antibiotic. 35th Intersci. Conf.
Antimicrob. Agents Chemother. F193 (Abstact).

Hwang, Y. H., Han, K. O, Lee, I., Yang, H. B., Chung, Y. H.,
Yoon, S. J. and Lee, D. K. (1997). In vitro and in vivo
antibacterial activity of DW-116, a new quinolone antibio-
tic. J. Appl. Pharmacol., 5, 187-193.

Hooper, D. C. and Wolfson, J. S. (1991). Fluoroquinolone
antibacterial agents. New Engl. J. Med., 324, 384-394.

Kato, R., Case, D. E., Hakusui, H., Noda, K., Sagami, F,
Horii, I., Mayahara, H., Cayen, M. N., Marmiott, T. B. and
Igarashi, T. (1993). Toxicokinetics: its significance and
practical problems. J. Toxicol. Sci., 18, 211-238.

Kim, J. C., Yun. H. L, Shin, H. C., Han, S. S. and Chung, M.
K. (2000). Embryo lethality and teratogenicity of a new
fluoroquinolone antibacterial DW-116 in rats. Arch. Toxi-
col., 74, 120-124,

Kim, J. C., Shin, H. C., Cha, §. W., Koh, W. S, Chung, M. K.



F== &M DW-1162] EfE IS0 49

and Han, 8. S. (2001). Evaluation of developmental toxicity
in rats exposed to the environmental estrogen bispheriol A
during pregnancy. Life Sci., 69, 2611-2625.

Koga, H., Itoh, A., Murayama, S., Suzue, S. and Irikura, T.
(1980). Structure-activity relationships of antibacterial 6,7-
and 7,8-disubstituted 1-alkyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acids. J. Med. Chem., 23, 1358-1363.

Lee, D. K. (1995). Pharmacokinetic study of a new quinolone,
DW-116. Drugs, 49, 323-325,

Lesher, G. Y., Forelich, E. D., Gruet, M. D., Bailey, J. H. and
Brundage, R. P. (1962). 1,8-Naphthyridine derivatives. A
new class of chemotherapeutic agents. J. Med. Pharm.
Chem., 5, 1063-1068.

Morinaga, T., Fujii, S., Furukawa, S., Kikumori, M., Yasuhira,
K.. Shindo, Y., Watanabe, M. and Sumi, N. (1996).
Reproductive and developmental toxicity studies of pruli-
floxacin (NM441) (3): a teratogenicity study in rabbits by
oral administration. J. Toxicol. Sci., 21(Suppl. ), 207-217.

Neu, H. C. (1992). Quinolone antimicrobial agents. Annu. Rev.
Med., 43, 465-486.

Park, Y. H., Jung, B. H., Chung, B. C., Park, J. and Mitoma,
C. (1997). Metabolic disposition of the new fluoro-
quinolone antibacterial agent DWI116 in rats. Drug.
Metabol. Disposit., 25, 1101-1103.

Saillenfait, A. M., Payan, J. ., Langonne, L, Gallissot, F,
Sabate, J. P, Beydon, D. and Fabry, I. P (1999).
Assessment of the developmental toxicity and placental
transfer of 1,2-diethylbenzene in rats. Food Chem. Toxicol.,
37, 1089-1096.

Schwartz, §. (2001). Providing toxicokinetics support for
reproductive toxicology studies in pharmaceutical develop-
ment. Arch. Toxicol., 75, 381-387.

Shimada, J. and Hori, S. (1992). Adverse effects of fluoroqui-
nolones. Prog. Drug. Res., 38, 133-143.

Shin, H. C., Kim, E. J. and Han, S. S. (2000). Overview of
toxicokinetics. Korean J. Lab. Ani. Sci., 16, 115-122.

Stahlmann, R. and Lode, H. (1999). Toxicity of quinolones.
Drugs 58(Suppl. 2), 37-42.

Suzuki, T., Ishikawa, S., Ogawa, Y., Takahashi, T. and Abe, Y.
(1990). Teratological study of fleroxacin in rabbits.
Chemotheraphy, 38(S-2), 272-279.

Takayama, S., Hirohashi, M., Kato, M. and Shimada, H.
(1995). Toxicity of quinolone antimicrobial agents. J
Toxicol. Environ. Health, 45, 1-45.

Takayama, S., Watanabe, T., Akiyama, Y., Ohura, K., Harada,
S., Matsuhashi, K., Mochida, K. and Yamashita, N. (1986).
Reproductive toxicity of ofloxacin. Arzneim. Forsch., 36,
1244-1248.

Umemura, T, Sasa, H., Lizuka, T. and Yanagita, T. (1988).
Teratological study of oral administration of NY-198 in
rabbits, Chemotheraphy, 36(8-2), 391-410.

Walker, R. C. (1999). The flooroquinolons. Maye Clin. Proc.,
74, 1030-1037.

Watanabe, T., Fujikawa, K., Harada, S., Ohura, K., Sasaki, T.
and Takayama, S. (1992). Reproductive toxicity of the new
quinolone antibacterial agent levofloxacin in rats and
rabbits. Arzreim. Forsch., 42, 374-377.

Wolfson, 1.S. and Hooper, D. C. (1991). Overview of fluoro-
quinolone safety. Am. J. Med., 91, 1538-161S.

Yamashita, Y., Ashizawa, T., Morimoto, M., Hosomi, J. and
Nakano, H. (1992). Antitumor quinolone with mammalian
topoisomerase II mediated DNA cleavage activity. Cancer
Res., 52, 2818-2822.

Yoon, S. J., Chun, Y. H., Lee, C. W,, Oh, Y. S., Choi, D. R.
and Kim, N. D. (1996) Novel quinolone carboxylic acid
derivatives. USA Patent No. 5496947-A-6.

Yu, I. L., Chung, S. J., Lee, M. H. and Shim, C. K. (1997)
Pharmacokinetics of 1-(5-fluoro~2pyridyl)-6-fluoro-7-(4-
methyl-1-piperazinyl)-1,4-dihydro-4-oxoquinolone-3-
carboxylic acid hydrochloride (DW-116), a new quinolone
antibiotic in rats. J. Pharmacol. Sci., 86, 550-553.



