122 CHEMOTHERAPY

- 1v. 1990

% ) 0 ZiEFIFleroxacin® b} R R IEEERSWIZ 51T HILH

NEEEE - KFE & - At - Wl &
BHBIHARI  PREFAA

Fleroxacin DR BE W% 4 R RU Y H ¥ ORA OB RE L. 17, BIHERRRTRONL
MiEKR K% BV THleroxacin DX H 2T L, UTOHIR %217,

L A IRV FORDHIIRENK, 72 FIE, N-FF 2 FED, THFDOR,PHIBINS
DSMZ S FAF VA F VK, KL I VEOASHSEEE, REIN’,

2. b MOMERTEIRBIPREEE LTHEEL, K3 e LTRE ST 2 FVERUN-
¥ FMRBEIIY - 7B TOIN O REMBEOHLI% TH -7,

3. b FORFUICIIT2hE TICRAENSI%HEULS h, KREAEDIHI0% & LT/, 42D
KB, FAFME N-FF3 MK, FAFLFFEROFL IVESRPP ORISR, £h

THIRBEDNS%, 5%, 0.3%, 0.2%Tdh -7

4. Fleroxacinid 7 # ¥ % BV CAKN TR E T L, KBIPREBE LTERT S
bDEBDbNS, T7:, fleroxacinid BEEBRB L BT 5 b MIBL TROABHHICKETH

BT EDTRRENT,

5. FleroxacinfRAHDIMEFENDIZE A LRREMFICLBLDEZEZ LN

Key words : Fleroxacin, &, 1%, w#¥F, vt

Fleroxacin[6, 8-difluoro-1-(2-fluoroethyl)-1, 4-di-
hydro-7- (4-methyl-1-piperazinyl) -4-oxo-3-quinoline-
carboxylic acid | iz FFEEEBWIZ BV TUTITITEIZR
Rah, BUSNOHEGIIRFIIORTHIENMONT
WahY, 4@, FAidfleroxacin¥ 4 X RO HFIlikS
L, ZORB D HOREACER O & B, FEL,
—H, Kusama b2 138 # ks 0~ + 757 4 —(HPLC)
L) BEERSNIC B ARBYWr TR LEEND S
ZEEHRE L, 40, FOHIEIIZL D fleroxacinD g
PR 1415088 T8 © 172 200mg B[] AR A #4 > I 75 B OF
REBH TR MBI AfleroxacinDL# % &b THK
L7

1. RBHERUEREX

1. &5ER, ABESRURE

KEERR ORI ORIE, TEO/ZOLTIIRTIE
onk BEFFERTCTER L THV:72(Fig. 1), Fleroxacin(&
2ZAt4k), demethyl fleroxacin (7 2 F IV 4K), fleroxacin
N-oxide(N-# ¥ 3 F4K), demethyl-3-oxo fleroxacin(F
A F NV * F V4K), 3-oxo fleroxacin (+ ¥ vV 4kK),
demethyl-4-formyl fleroxacin(F& )V I V1K), ZDMDERK
FEHHAER S R L7,

2. EEEY

HE34kgD HAH LN 74 F RV~ 11kgD
HE-TVKEVEERRER L7, B, KIZTNT

DY BV THRICERS €7,

3. EHokS

74 ¥ | fleroxacin?® 1.5 % K& % 50mg/kgi % 5 &
AT b A T-FTATHAEORSL, 1128
20mg/kg& 7% B & 9 i fleroxacin¥ ¥ 7 F v H T NI
EofNks L,

4. RE ORI

%74 ¥ Tldfleroxacin ¥ %5 #%72h ¥ T, 1 X Tid48h
T TOHEKRPEM SR % 24hEIZIRELL 72,

ERICHV-E b OMmiE R ORI ERSE TERE
BT 200mgDfleroxacin % ZE b5 ¥ M O x5 %15 6
n-RETHY, BIETTOMN, -20CLUATTREL

5. EAWOHEE, HEKVSHT

Fleroxacink¥ %5 L7274 FRUPAM X DRIZDOWT
Fig. 200 & 9 | Z@ i, TLC, HPLCHHY, TLC, ##
S EARE ONEC o E & BB EIT 570, 13X
DREBVIN-FF T FEORIETR AT VI T
nryuvw hrss574—, TLC, YUATFVA I L2707
Fo57 4 —DIRTHER  HEERFR 41T - 72(Fig. 3)o

1) #@ru~<bs574—(TLC)

) H X NVT L — b(Kieselgel 60F2s4, 0.25mm ; AV
VRV, BRHBHE LT Ay /-8
BE-K- AFMAVTFAUT P (3:1:1:5, V/V),
B:zuOk)Vh- A%/ —) - BEfE- K(25:11:3

* T329-01 HEAULT 5B BPEF KRBT F#£2399-1



VOL.38 S-2

Fleroxacin D13 123

23, VIV)RUC: VA FH> - 28%7E=TK(3:
2, VIV)x v/, ERRUREHOZRE ) MIBIF
254 R U365nmDENRRF iz IV ETAREICLD
ML,

2) HPLC

REVOTE, HREPED L ORFRR ORERIZ,

A 635AF A > 7 & HE635MIEUVE= ¥ — (UV ©
280nm) % iV 7o & 5 4 i3 Asahipak ES-502N(f& 1 #+
¥ A #) & U Asahipak ES-502C(F 1 + » &#, w¥h
bAE7.6X100mm, TBILE) XA LA, BIEEIZIR
30mM B1bF MUY AEBEDOS0mM kY RIEREEE T
(pH8.7) - 7 F = F YL (100 : 3, V/V)d B it
30mM ELF P T AEEFEO20mMM ) VBB E KR
(pH8.7) * 7 b= F Y V(100 : 5~10, V/V)* E8)
Hel, BREAICIZOIMIELTF M) Y A E&HED50mM
) o EESEB (pH36) - 7 F= F YL (100 : 13,

O

F

H,Cw

V/V)eBEHEE L7

3) AL U bTTT4—

SUBFNH T LETI=F N C-2002 Y A7 V(F
KME)ZHTTAATLICHEELTH . K bz
V=R (7FUF 45 L 428 —FaFNL)iESCX
YA ThEE TUH) TEMLLTER L.

4) BEERLE

B-rnra=F—X/TYNVANVT 75 —HE(X=))

—)% 1M BB S E MR (pHS.2) THR L THEHC RS
BEEMMZ, 37C, 18ShEBELEB L7, BREMHEH
0.6u/ml®DB-F Ny =¥ —ERU#0.3u/mD7 )L
ANT 7y —FiEHE b LHIHERL

5) ENBIXA~<RZ PV (UV)

B 124FA BT AV, FHH % MeOH-28%
T7ryEZTAR(0:1, V/VIIEBERLTRHEL:,

6) HEESH(MS)

CH,CH,F
N

COOH
0

Fleroxacin (M-3)

o
HN CH,CHF

k»m

Demethyl-3-oxo fleroxacin (M-1)

CH,CH F

mCOOH

Demethyl fleroxacin (M-4)

CHjs~ )J\\ CH ,CH,F

Um

3-Oxo fleroxacin

CHO
NN g CH,CH,F
(A

|
F COOH
0

Demethyl-4-formyl fleroxacin  (M-2)

CHisy ¢ CHCHF
0 K/N |
|
F COOH
0

Fleroxacin N-oxide (M-5)

Fig. 1. Chemical structures of fleroxacin and its metabolites.
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(A) Urine
adjusted to pH 1
extracted with CHCI,

[

Aqueous layer
adjusted to pH 7 to 8
extracted with CHCl;

|

Aqueous layer
extracted with isopropanol
and K,CO,

|
CHCly laver  (Fr-1)

CHCly layer  (Fr-2)

[sopropanol layer  (Fr-3) Aqueous layer

(B) Fr-1 to Fr-3

TLC (1)
HPLC (Asahipak ES-502N and/or ES-502C)

TLC 2)

I 1
Fr-1 (M-1, M-2) Fr-2 (M-3), Fr-3 (M4, M-5)
dissolved in 1N HCI

extracted with CHCl, Bond Elut® , SCX type

evaporated
eluted with CH;0OH-NH,O0H (5:1, V/V)
M-1, M-2 evaporated
M-3. M-4, M-5

Fig. 2. Fractionation of the metabolites of fleroxacin in
dog and rabbit urine.
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Fig. 3. Isolation procedure for M-5 in dog urine.
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Fig. 4. Representative chromatograms of rabbit urine
after oral administration of fleroxacin at a dose of
50 mg/kg.
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Fig. 5. Representative chromatograms of dog urine
after oral administration of fleroxacin at a dose of
20 mg/kg.
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Fig. 6. Representative chromatograms of rabbit urine
before and after treatment with 3-
glucuronidase/arylsulfatase.
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Table 1. Recovery of *C activity in each fraction of
rabbit urine for 24 h after administration

Fraction 14C activity (% of total activity)
Fr-1 29.1
Fr-2 32.9
Fr-3 30.9
Fr-4 7.1
(A) Fr-1 4 M-2
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(a) control urine (b) urine after administration
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Fig. 7. Representative chromatograms of each fraction after solvent extraction of rabbit urine.
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Table 2. R; values in TLC and retention times (Rt) in HPLC of urine metabolites of fleroxacin and authentic materials

R, value R, (min)
Compound A* B C D
rabbit dog rabbit dog rabbit dog rabbit® dog?®
M:1, demethyl-3-ox0 0.50~0.51  — 0.73 —  045~046  — 9.7 —
fleroxacin
M2, demethyl-4-formyl 0.55 - om - 0.49 - 12.0 -
fleroxacin
M-3, fleroxacin 0.09~0.10 0.09 0.35 0.24 0.51 0.49 11.8 8.1
M-4, demethyl fleroxacin 0.17~0.18 0.19 0.32 0.25 0.45 0.43 6.5 4.7
M-5, fleroxacin N-oxide 0.12~0.13 0.12 0.36 0.22 0.28 0.26 4.8 3.5
3-Oxo fleroxacin 0.51 — 0.77 — 0.47 — 9.2 —
* Solvent systems
A: EtOH-AcOH-H,0-Methyl isobutyl ketone (3 : 1 :1: 5, V/V)
B: CHCl;-MeOH-AcOH-H,0 (25:11:3: 3, V/V)
C: Dioxane-28% NH,OH @3 : 2, V/V)
D: (1) 30 mM NaCl in 50 mM Tris-HCI (pH 8.7)-CH,;CN (100 : 3, V/V)
(2) 30 mM NaCl in 20 mM Na,HPO, (pH 8.7)-CH,CN (100 : 5, V/V)
Table 3. UV absorption of metabolites of fleroxacin and authentic materials
Rabbit Dog
Compound
Amax (nm) Amin (nm) Amax (nm) Amin (nm)
M-1, demethyl-3-oxo fleroxacin 281 , 325 | 252 ~253, 304 ~ 305 — —
M-2, demethyl-4-formyl fleroxacin | 281 ~282, 325 253 , 303 — —
M-3, fleroxacin 283~284, 326 254 , 303~304 283 , 325~326 | 253~254, 303
M-4, demethyl fleroxacin 282 ~ 283, 325 254 , 304 282~283, 325 253~254, 304
M-5, fleroxacin N-oxide 280 , 325 250 , 303 280 , 325 250 , 302~303
Measured in MeOH-28% NH,OH (10 : 1, V/V)
Table 4. 'H-NMR chemical shifts of M-5 and fleroxacin N-oxide
Chemical shift (5, ppm)
Compound
2 5 2’ 3 5’ 6’ 4’-CH, 1” 2"
M-5, fleroxacin | | [
N-oxide 889 801-7.86 3.69~3.86 3.62 4.7-52
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Fig. 8. Mass spectra of metabolites of fleroxacin and authentic materials.



NOV. 1990

130 CHEMOTHERAPY
@ ® © o
1
1
1
2
3 4 3 4
by
R — S R — o — L |
0 5 10 15 0 5 10 15 0 5 10 15 0 5 10 15
Retention time (min)
(A) control serum (B) serum spiked with internal standard (1) (C) serum spiked with internal standard (1) and 0.5
ug/ml of fleroxacin (2), demethyl fleroxacin (3) and fleroxacin N-oxide (4) (D) serum from 5 h after a single oral
administration.
Fig. 9. Representative chromatograms of human serum.
Table 5. Serum concentrations of fleroxacin and its metabolites in fasting volunteers after
a single oral administration (200 mg)
Volunteer Serum concentration (ug/ml)
no. 0.33h* | 0.67 1 2 3 5 7 9 12 24 48
6 — 0.08 1.04 2.89 2.43 2.12 1.74 1.46 1.44 0.65 0.12
7 0.16 1.51 2.51 1.94 1.76 1.41 1.11 0.96 0.71 0.26 0.04
8 1.28 2.39 2.58 2.16 2.06 1.30 1.40 1.14 1.06 0.54 0.09
Fleroxacin 9 0.03 0.09 0.30 3.38 2.42 1.88 1.63 1.49 1.21 0.46 0.07
10 0.06 0.29 0.73 1.63 2.90 2.02 1.61 1.38 1.10 0.52 0.10
mean 0.31 0.87 1.43 2.40 2.31 1.85 1.50 1.29 1.10 0.49 0.08
+SD +0.55 | £1.04 | £1.05| £0.72 | +0.43 | £0.27 | £0.25 | £0.23 | £0.27 | £0.14 | +0.03
6 — — - — — 0.01 0.01 — 0.01 — —
7 — — — 0.02 — 0.01 0.02 0.02 0.01 — —
8 — — 0.09 0.02 0.02 0.02 0.02 0.02 0.02 0.01 —
Demethyl 9 - - - - - — | 002 | 002 | 002 | — -
fleroxacin 10 — — — — 0.02 0.02 0.03 0.02 0.02 0.01 -
mean — — 0.02 0.01 0.01 0.01 0.02 0.02 0.02 — -
+SD — — +0.04 | £0.01 | £0.01 | £0.01 | £0.01 | £0.01 | £0.01 — —
6 — — — 0.04 0.03 0.04 0.03 0.03 0.03 0.01 -
7 - — 0.01 0.02 0.02 0.02 0.02 0.01 0.01 — -
) 8 — 0.02 0.05 0.04 0.04 0.04 0.04 0.02 0.02 0.01 -
Fleroxacin 9 - - — | 002 | 003 | 003 | 002|003 o002]| — -
N-oxide 10 - — | o001 | 001 | 003 | 004 | 0.04 | 0.04 | 0.04 | 001 | —
mean — - 0.01 0.03 0.03 0.03 0.03 0.03 0.02 0.01 —
+SD — - +0.02 | £0.01 | £0.01 | £0.01 | £0.01 [ £0.01 [ £0.01 | +£0.01 —

* time after administration
— . less than detectable limit (0.01 pg/ml)
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(A) control urine (B) urine spiked with internal standard (1) (C) urine spiked with internal standard (1) and 10
pg/ml of fleroxacin (2), demethyl fleroxacin (3), fleroxacin N-oxide (4), demethyl-3-oxo fleroxacin (5), 3-oxo
fleroxacin (6) and demethyl-4-formyl fleroxacin (7) (D) urine after a single oral administration.

Fig. 10. Representative chromatograms of human urine.
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Table 6. Urine concentrations and cumulative urinary excretion recoveries of fleroxacin and its metabolites in
fasting volunteers after a single oral administration (200 mg)

. . Cumulative urinary excretion recovery
Urine concentration (ug/ml
Volunteer (ug/m) (% of dose)
no. |0~2h*|2~4 [4~6|6~8|8~12(12~24/24~48148~72[ 2h | 4 | 6 | 8 | 12 | 24 | 48 | 72
6 68.6| 48.4| 78.7| 97.1| 84.0| 68.2 | 290.3 | 6.9 | 6.5/14.1|18.5(25.3|32.8|51.0|67.0(70.5
7 90.4 | 70.7\197 [102 | 76.5| 452 | 11.2 | 2.8 [12.5|22.2{30.5(36.6|44.1|60.0{70.0|71.5
8 |106 | 54.9|80.6| 77.5| 97.2| 86.1 | 26.0 | 4.7 [10.4[19.0(25.9(32.7|41.9|58.0|70.0|72.5
Fleroxacinl 9 515|101 (180 [165 |121 | 92.9 | 26.0 | 4.5 | 6.1]16.2[23.8|30.4|39.2|57.0(69.0|71.0
10 59.2 (177 |144 [105 | 86.2| 83.0 | 26.3 | 5.6 | 3.0|11.8/19.7|29.2 |41.2 |61.5|75.578.0
mean | 75.1| 90.4(136 [109 | 93.0| 75.1 | 23.8 | 4.9 | 7.7|16.7|23.7|30.8|39.8|57.5(70.3 | 72.7
+SD |+22.6|+52.5| 55| +33|+17.3]+19.0| £7.2 | +1.5 |+3.8|+4.1|+4.9(+4.2(+4.3|£4.0£3.2|+3.1
6 20| 24| 35 67 50| 59| 17| 05 | 02| 06| 0.8 1.3[ 1.8| 3.4| 4.4| 46
7 48| 43|12.8 6.0 51| 36| 07| 03 | 07| 1.3] 1.9] 2.2| 2.8| 4.1| 4.7| 4.9
8 51| 29| 6.0/ 57 83| 78| 25| 04 | 0.5/ 1.0| 1.5| 2.0| 2.8| 4.3| 56| 5.8
Demethyl | g 13| 5.7|11.5/13.0] 106| 82| 23| 0.6 | 02| 0.8 1.3| 1.8| 2.6| 4.2| 54| 5.6
fleroxacin 10 08| 84| 84| 45 64| 63| 1.7 03 | 0.0/ 05| 1.0| 1.4| 23| 3.9| 4.8 5.0
mean | 2.8| 4.7| 84| 72| 71| 64| 1.8 04 | 03| 0.8| 1.3| 1.7| 2.5| 4.0| 5.0 5.2
+SD | +2.0|+2.4|+3.8/+3.3] +2.4| +1.8| +0.7| 0.1 |+0.3|+0.3|£0.4|£0.4|+0.4[+0.4{+ 0.5+ 0.5
6 15| 28| 65 7.5 92| 61| 21| 03 | 01| 0.6] 09| 1.4| 2.2| 3.7| 4.8] 50
7 19| 35|12.8 6.0 53| 33| 07| — | 02| 07| 1.2| 1.6] 2.1| 3.2| 3.8 3.8
_ 8 34| 37| 6.8 63 99| 81| 20| 05 | 03| 09| 1.4| 2.0| 29| 43| 52| 55
Fleroxacin 9 1.1| 6.1]|12.6/12.0] 108 6.5| 1.7 | 0.4 | 0.1 0.7| 1.2| 1.7| 2.4| 3.6| 44| 45
N-oxide 10 15| 86|106| 6.5 62| 58| 17| 02 | 01| 0.5 1.0| 1.6| 2.4| 3.8| 4.6] 4.7
mean | 1.9| 49| 9.9 7.7 83| 6.0 1.6 03 | 02| 0.7| 1.1| 1.7| 2.4| 3.7| 4.6| 4.7
£SD | £0.9|+2.4|+3.1|+2.5/ +2.4| £1.7| 0.6 | £0.2 |£0.1|£0.1|£0.2|+0.2[+0.3{+0.4{+ 0.5+ 0.6
6 — | === =1=1=1 =100/ 00| 00| 00[ 00| 00| 0.0] 00
7 04| 05| 1.4/ 06| 06| 04| — | — | 01|01/ 02| 0.2]| 03| 0.4] 04| 04
Demethyl| 8 — | = | =1]—=1 03] 04| — | — | 00| 00| 0.0] 0.0] 0.0] 0.1] 0.1] 0.1
3-0%0 9 — | — | 03 11| 08| 08| 03| 0.5 | 0.0] 0.0| 0.0] 0.1] 0.1| 0.3 0.4| 056
fleroxacin | 10 — | o6| 06/ 04 05| 04| — | — |o0.0]| 00| 01]01] 02] 03] 03] 0.3
mean | — | 02| 05| 04| 04| 04| — | — | 0.0] 00f 01| 0.1] 0.1] 0.2] 02| 03
+SD +0.3]+0.6/£0.5 +0.3| +0.3 +0.0|+0.0|+0.1{+0.1{+0.1{+0.2[+0.2|+0.2
6 — | === =1=1=1—=10.0]| 00| 00| 00| 0.0] 0.0/ 0.0] 0.0
7 - |l =]1=]1=1=1~=1 =1 = 10.0]| 00| 00| 00/ 0.0] 0.0] 0.0] 0.0
8 — | = ]=]=1=1=1-=1 =100} 0.0]| 00| 0.0] 0.0] 0.0] 0.0 0.0
3-Ox0 9 | — | = | === =1=1=100]| 00| 00| 00| 00| 0.0/ 0.0 0.0
fleroxacin| 10 | — | — | - | - | = | — | = | = | 00| 00| 00| 00] 0.0] 0.0] 0.0] 0.0
mean | — | — | —|—=| =] = | = | = | 00| 00| 00/ 00| 00| 0.0/ 0.0 0.0
+SD +0.0|+0.0|+0.0|+0.0|+0.0|+ 0.0+ 0.0[£ 0.0
6 — | === o4 = | — | = | 00|00/ 00f 00} 00/ 00| 0.0] 00
7 04| 02/ — | 03 03] — | — | — |o01|o01]|01]01]0.1]01] 01|01
Demethyl| 8 — | 05 —| 03] 05| — | — | 0.0] 0.0] 0.0 0.0] 0.1] 0.2]| 0.2] 0.2
4-formyl 9 — | = =]=1=1 =1 =1 = | 00| 00| 00| 00| 0.0] 0.0] 0.0] 0.0
fleroxacin | 10 — | 09| 03 —| 02| 06| — | 05] 0.0] 00| 01 01| 0.1] 0.2] 02| 05
mean | — | 02| 02 — | 02| 02| — | — | 0.0] 0.0] 0.0/ 0.0] 0.1| 0.1| 0.1] 0.2
+SD +0.4[+0.2 £0.2| £0.3 £0.0{£0.0/£0.0{+0.0{+0.1|+0.1|+0.1|+0.2

* time after administration

— : less than detectable limit (0.2 wxg/ml)
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METABOLISM OF FLEROXACIN IN HUMANS AND
VARIOUS EXPERIMENTAL ANIMALS

Fumio Kawanara, Tsuyvosti Qotg, Yostio Nacatsu and Hirosti Uchipa
Central Research Laboratories, Kyorin Pharmaceutical Co., Ltd.
2399-1 Mitarai, Nogi-machi, Shimotsuga-gun, Tochigi 329-01.quan

Metabolites of fleroxacin in urine of dogs and rabbits were isolated and identified using TLC, UV, HPLC, NMR and mass
spectrometry. Fleroxacin and its major metabolites in serum and urine of humans were determined by HPLC:

1. Two metabolites together with the unchanged fleroxacin were identified in urine of dogs and rabbits: demethyl
fleroxacin and fleroxacin N-oxide. In rabbit urine, two other metabolites were also identified: demethyl-3-oxo fleroxacin and
demethyl-4-formyl fleroxacin

2. In humans, plasma concentrations of the major metabolites, demethyl fleroxacin and fleroxacin N-oxide were only about
1% of the unchanged fleroxacin at the peak level.

3. The total urinary recovery over 72 h after dosing in humans was 83% of the dose. About 90% of the urinary excretion
was unchanged fleroxacin . Urinary excretion of four metabolites, demethyl fleroxacin , fleroxacin N-oxide, demethyl-3-oxo
fleroxacin and demethyl-4-formyl fleroxacin, were found to be 5, 5, 0.3 and 0.2% of the dose, respectively.

4. It was clarified that fleroxacin was scarcely metabolised in vivo in humans and animals except rabbits, and was
metabolically most stable in humans.

5. It is suggested that the antibacterial activity after oral administration of fleroxacin in humans was mainly due to the

unchanged drug.



