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Abstract— 8-Fluorociprofloxacin(8-FCP) is an investigational quinolone derivative that is substitu-
ted with fluorine at the C-8 position of ciprofloxacin(CP). It was found that the in vitro activity
of 8-FCP against Gram(+) bacteria was more potent that of CP, but the opposite against Gram(—)
bacteria was true. However, 8-FCP showed better in vivo efficacy than CP against representative
Gram(—) organisms, E. coli and K. pneumoniae. In an attempt to seek for factors causing this
discrepancy in the antibacterial activities, a comparative pharmacokinetic study of 8-FCP and CP
was conducted in mice and rats treated either intravenously or orally at a single dose of 30
mg/kg. The pharmacokinetic parameters in mice were as follows; the mean peak serum concentra-
tions(Cumax) following z.v. and oral doses were 12.4 and 5.3 pg/m/ for 8-FCP, and 9.5 and 2.5 ug/m/
for CP, respectively. The terminal half-life(t;s) was 72.9 min for 8-FCP, and 98.2 min for CP,
and the oral bioavailability(F) was 89.9% for 8-FCP, and 50.5% for CP. In rats, the mean (£ SD)
Com after 7.0, administration were 11.6+ 1.6 ug/m/ for 8-FCP, and 10.2* 1.3 pg/m/ for CP, whereas
oral administration produced C,., of 59% 1.8 ng/m/ for 8-FCP and 1.1+ 0.9 pg/m/ for CP, respecti-
vely. The tz was 67.9+ 84 min for 8-FCP, and 764+ 7.2 min for CP. The F was 88.6+ 6.3%
for 8-FCP, and 40.7+ 6.5% for CP. Marked differences were observed between the two quinolones
in the C,. and the area under the concentration-time curve obtained after oral administration
in mice and rats. The extent of 8FCP absorption in both mice and rats was approximately 2-
fold higher than that of CP, suggesting that the fluorine atom attached to C-8 plays an important
role in facilitating oral absorption from the gastrointestinal tract.
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7Az2l 6H$)2(C-6)ol fluorine7] 2] gtz 7H ¢
2|(C-7)ell piperazinyl moiety®] =¢jo2, dFax}
wabolulel kg El# profilee] NAX HEEo] &
MNEl et ol2]dt #HEE F-= A S(norfloxacin, eno-
xacin, ciprofloxacin, fleroxacin, pefloxacin %)<
Staphylococcus aureus ™R Pseudomonas aeruginosaol|
s B} e FEHS Holw, ofFIHog
A Sstel Aabbg wWAE wela aich Aw
Ho, AxEs] AT FrolEEL 40~95%e|w

17} 7)E 3~1041 7o 8 3 9] variability S L]—E]—
g gl ol 7 Akeel set pEY Ao
W oFEaLH Aol whedahi Zlolchl Hzel ol
28], okE 3k profiled} in vivo IS F7jRlow
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Fig. 1—Chemical structures of various quinolone deri-
vatives.

%ol 242 =)o) in vitro D in vive T A] o

dekg H7VEAL, in vive AT oFEEA
EAe] AfAAE szt 8-fluorociprofloxacin
(8-FCP) [ 1-cyclopropyl-6,8-difluoro-1,4-dihydro-4-
0x0-7-(1-piperazinyl)-quinoline-3-carboxylic acid]&
A skl chFig 1), FA1oll, 13 A7 Pseudomo-

nasT-& EF 1= S HHNE dA4EHE
2, AU 2 2R ghE Al AHgHu

9l ciprofloxacin(CP)[ 1-cyclopropyl-6-fluoro-1,4-di-
hydro-4-ox0-7-(1-piperazinyl)-quinoline-3-carboxylic
acid]-& vlaelEE ARE-slgictY 8-FCPe} CPe) i
vitro ¥ in vivo HE43-& MIC teste} A3 x4l
e el i) 419 %sn Hlmetgeh g, 5 A

Horg A4S A4S Aol ATsh ANFAE F
q¢ ¥, AT FSES £V 4E FEEelshd
& Axkstel wlmsbeict.

HEYy

AlE2kE U Al9f—8-Fluorociprofloxacin(8-FCP)-2-
AN DA F(F) FgaA-TaelA skl 2, ciprotloxa-
cin(CP)-& A LAHTF) AdrtedF-of A Hikske Al
& AH2-slgdc)k Aleke 2 NaOH, HCl, KH,PO,, lac-
tic acid & Sigma Chemical Company(St. Louis,
MO, US.A)ell A #3lslel e, acetonitrile, metha-
ZH9+t HPLC gradeZ A}-4-8}qich

AHEE - A5 20~25g°] 7 ICR A5 2} 180~
220g9] 71 Sprague-Dawley(SD) &35 Ap&3l]
oh AT FodTe EE AREA FFsEA, 124
el AAAIR F RS Fofsldch

In vitro EE R I AIRMIC test)— E4H2 <l 2u)
ghd gl e s AFHYgES  MIC(minimum
inhibitory concentration, ug/m/)-& &A Ay 4
Full 2] 2= Mueller-Hinton agar(pH 7.2, Difco, Det-
roit, MI, U.S.A)& AF&-3lgdch A|lEH#F2E S au-
reus 5 Gram A4 8F % E coli 5 Gram AT
15%—% Xgshe & 2359 *—fﬁ-’?% AHg-Ets o)
AlgekEe] Hiykis 50 pg/mioli, HAH FEe
0.001 pg/miol itk AlgorEg 4 G ol
Al&]3t-2 spot¥d <F 10° CFU(colony forming units)
HA HEstaL, 37C ol A 18412k vkt F, o

o] Aol gaste] Aol AAE s e

nol %
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AlgepEe] B3 MICRE AAsch AddEe
A v T E §o)3lA 37| 918ked, GramFAdF
% Gram 2A4d3Fdl] tHEF MICe 7184 +(GM, geo-
metric mean)& AHEsI] o0, MICA7} 50 o]
a & 10022 0.001 °]std Wi 0.0005% 7HFahed
A Abstad et

In vivo BIET AlFAF HUUY Lolgh)—
Az Ak welast Ao AlFetEe] A
A A "Hrtstdek? Algd-& Tryptic Soy
Broth(Difco)el| 4] 184] 7} vl okgt F, 5% hog gastric
mucin(pH 7.5, ICN Biomedicals, Cleveland, OH, U.S.
Az A4 o debslgdn) A= A|ETAS AF 2
2o AR 03 mie §og AR I FA,
A g erE-g A2 Fojstgch AlgerEe] o
w42 5uhA] g 0w Mt A s oH, F
o382k #F g 0.0l mioldn) HETdle A8
oFE oAl A AgE Foiatslem, 48417 oo
9bAs] # Al gl AlgekE Fol F 747 AF 9
Qe v gharsly, 7 9] YEF L 3te] PDy
(median protective dose, mg/kg)*|& Probitjo.&
AbEslodch

[<]

30 mg/kgo.2 A&t gL
Ak 8-FCP-& NaOHE pHE
A1, CP: AJe|Aledell Awekel lactic acidE 7}
slo =ik AF 9l
Esle] Foldlela, AT Foio zonded A&-3he]
oy Alxel HEE Jod|A] UEE FoJstu A 7hA
Folstglnk. 3F el glejAE, oHE ubH sl 4] FH
% AHEaz 95 4o Zefo gl IHSP-55, Na-
tume, Tokyo, Japan)S Atalshe Aleg sla Aol
B8 B3k &, w37} o] HAAA o S
AbelEl Ao A9 FHHEIE E3he] 1027
ostd w, AT Folre A Aot T4 W
Hog Ax|sigich

HHAUxNE — A FFE Fol AA, oFEFo] F 5, 15,
30, 60, 120, 180,-240, 300 Z2]3 360%-o] A&
A steict A9 A= 4 AP F ouleiAE
1A olel2 vh3 Fol cardiac puncture® A3
stelct. 8#9) A= & AMARTE AV A
vhe} A& o AER AR e E F3 o
N-e odgjom] AHFZ 3 AHS WA H

Agerze mz Y
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0.2m/e] AelAgdeE IS B3 FHFAL
4c oA LdAFEE F & AL biocassay W
HPLCZ #2438 wj7hz] —20C o B.3sieich

e xHF - 31 F o] me]el 30 mg/kge] LR
oFE-g Fo &, WAl AdRbelA] E& ARFA F
doh 24417 & FAsAH A" ke Milli-
pore HE|(0.22 ym, GS type)E ojag+ ¥, HPLC=E
F-A8l7] A 7ka] —20C o Bdspsich

Bioassay— 2} 5355+  Kiebstella  pneumoniae
ATCC 10031 #5-5 <) 8- g+ wll x| &4Hagar well
diffusion)®¥ 2.2 & A 3}gich? vl 2] 21g2] Mueller-
Hinton brothe} 17g¢] gH3(Difco)s FH 1/l
wo] Azg F 7igl WaFsksdoh Nutrient agar
slantell A1 12417k v kA1) 75 10m/e] A2y 4
ol B[] AL wxlol] 0.5%= A HE 5, A
plate(23 cm X 23 cm)el] 140 m/4 23 &3] oh§ 9=
274 4mm2] holeol] A &¢} ZF8 20 WA S loa-
dingslat 37T ol 4] 184]7} alstulolAl & F A
2] AL As) Fuksick AFEAE pooled A
o Holx 75 2u] 3)Aste] x| shelx, RS/A™
software package(Bolt, Beranek and Newman, Inc,,
Cambridge, MA, USA)E o] &3le] i 3 ARS
Weoz 7wkl ArHr>0.99).

HPLC #4{— A}-8% HPLC A% Waters 510
H i (Waters Associates, Milford, MA, US.A)), Wa-
ters 712 WISP automatic injector, Waters System
Interface Module, APC-H437 personal computer
(NEC Company, Tokyo, Japan), ~22] 57 ABI 980 pro-
grammable fluorescence detector(Applied Biosys-
tems, Ramsey, NJ, USA)E FA=EAc) #4448 4
2]-2- o2} y-Bondapak phenyl(Waters Assoc., 3.9 mm
LD.X300 mm)& AF&sislx, 8-FCP2 ¥-eld $3
o]E-Abo ®l= acetonitrile : 0.06 M K,;HPO4(pH 7.5)
Eol(16: 84, v/v)E& AH&3Esier, CPe
213 olFAtoEE U4 fHE8ole] pHE 3002
A5k, 8-FCPEe] 4 o)5dst &g vge &
FAg AHgakdch HEZFE5E 1.2ml/min, 2EI
&3} detector2] o 7](excitation)d}-2- 278 nme}
P(emission) A >470 nmE A&l shich® 8-FCP
9 CPo] F|:awA zZiv)e} HESE wxe 3=
o] 7% 0.01 ug/m/F-E 100 pg/mi7tA|, k2 7
$ 0.1 ug/ml 58] 100 ug/mi7k2 24 4d-E Balvhr>

) =) =2
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0.998). =3} °] Fx H$olA within-run HEAH S
(coefficient of variation)+= 5% ©)3} o]t} & L&
ol F &2 M 43| s Msted(F el utel, 108 o 4
100090 34), 4&5] 50 W& HPLC A|Ale] <]
skl ot

Bioassay®2A{H o} HPLCEA{ ol -—IEF EHx|e
b2 —8-FCP2} CP9] AA dAMESF o2 7
N4 A sted HPLCH-A %% bloassayf‘ < AAg

&)l HPLCEA A, F3(y)oll bioassay4]

A5 ER3I RS/1™E o] 43le] 3|AaAe 7
ste] wlarstgich

Chl ZErs HF - A2 ¥35 dAdzte
PAlEe]el g el o r A sdc) A9}
FHZ F-E AAdshA 2 ¥H 1.9 miol AlgeFE9
LA(FE 100 ug/md) 0.1 mie A &3] 7hste, 3$
F&27F Sug/mie] HASAE o] #AHMES 37C
o 4 307t whA|gk ¥ Centrifree™(Amicon Corp.,
Beverly, MA, U.S.A)oll 1.5 mi-& 2218 o}8 1057+
4821000 X @)3tdeh. o el(ultrafiltrate) 5 2]
AlgetEe] vivhy HAitrrs AR "AE HAglel
50 WE 247]¢] HPLCH el whe} F-Aste] il A
FES Axtstdch

AHESEHS malHEQ] AlE W SAHEE EMq-
AT AE, FEovs- AR HolElE 13} £
22 FrHe 1-A4SENE dy¥rde YTl
9] Fr-vs-Ab dlolE= 2-ASEHE Ay vz
siAstedch Ao AFEYE 25 FEEe =
@ehe AR Y] S AUCE A1
Acbe]E A LR, stk Ale] AUCE 2or-Alv}e] &
Aoz Adstelel e w, vhAet 855 5 (Cpuy)
S F-3(0) 742 ] AUCH iHe o1& A)2-
o]-g-3ir} : AUC=Cpy/B(B=terminal phase®] =
Al 7]187]). BE diolEl= PCNONLIN =Z&zae
o]-g3sle] w3 2 4nslH FAYoR ofFdtd ¥
TE Alibslsdch vl dE o) 4143 weighting fa-
ctore 1/yPoldeiy =225 %), AT vlaiA
Student’s ¢ test2} ANOVAS ¢]-8-3}o] AlA|&}e]

B_L

opl

£

gD | nF

In vitro 28 —8-FCP & CP& ZFEF50 o

gt in vitro A AP AIE Table Iol] vehy

Table 1—1In vitro antibacterial activities of 8-fluorocip-
rofloxacin(8-FCP) and ciprofloxacin(CP) agai-
nst standard strains

‘ MIC(ug/miy
Standard strain SFCP P
S. pyogenes ATCC8668 0.39 0.39
S. pyogenes C4003 0.78 0.78
S. faecalis ATCC29212 0.78 1.56
S. faecalis C4034 0.39 0.39
S. aureus ATCC29213 0.2 0.39
S. aureus C4036 0.1 0.2
MRSA C1060 0.39 0.78
S. epidermidis  ATCC12228 0.1 0.2
E. coli ATCC10536 0.007 0.004
E. coli ATC(C25922 0.025 0.025
E. coli C4052 0.013 0.013
E. cloacae C4008 0.013 0.004
E. cloacae C4009 0.025 0.025
K. oxytoca C4022 0.004 <0.001
K pneumoniae ATCC10031 0.004 <0.001
K. pneumoniae (C4021 0.004 <0.001
P. mirabilis ATCC25933 0.1 0.05
P. vettgeri ATCC9919 0.013 0.025
S. typhimurium C4045 0.013 0.013
S. marcescens  ATCC27117 0.1 0.1
P aeruginosa  ATCC10145 0.39 0.39
P. aeruginosa  C4028 0.05 0.05
P. geruginosa  ATCC27853 0.39 0.39
Geometric mean’
Gram positive (8) 0.301 0.465
Gram negative (15) 0.024 0.014

“MICs were determined by the agar dilution method.
The inoculum size was approximately 10* CFU per
spot.

* Geometric mean is defined as the n-th root of n va-
riables multiplied by each other. MIC values <0.001
were regarded as 0.0005 to calculate the geometric
mean.

Aot 13 kA, B3] S aureus R S. epidermidisol
el 43z 8-FCP7} CPRt} 43 shtaas e}
Wleth 25t A 8% W3t 7 et gF A S B
B, 8-FCP7h 0.301 pg/mi el H]ste] CPE& 0465
ug/mi 2.4 8-FCP7} 4238 o = qich FAH o2,
S. aureus 3F(MRSA E£3) % S epidermidisS E
33t Staphylococci 4%l W3 MIC(ug/mi)+= 8-FCP

J. Pharm. Soc. Korea
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o] A% 77t 02, 0.1, 0.39, 0.10]52, CP= 7H7t 0.39,
0.2, 0.78, 022 4] 4% =il sl 1xtA 4 8-FCP7}
o) ek 5 Bolw gir) o]leldk #ALS Esteverl
(Spain)7} 7Htsla ol E-4500(CPell o-8)3% E-
4474(E-45002] C-8 $xo} #4223}, 8-FCPell
h-2)9] & & ¥8(Fig 1), S. aureus 3% X S.epider-
midis 19 g MIC A3-5 E-44747} 4% 250l
hsled 1248 578 FEE Rl Qlvke A
oéi"i}.u}_.ﬂ

a3 Al sl CPe 7187 =17} 0.014
pg/mild] vl3le] 8-FCP7} 0.024 yg/mi 24 H 44
o2 CP7} $¢3 #Ae o 4 vk E coli 3%
1 P ogeruginosa 3E¢ el F 8H§HEel A9
T3l oFFE vyl oy, Klebsiellads ol sl H+=
CP7} 8-FCPRt} $-3% <& & Hlch E-4474 |
E-45002) 9% E. coli 2 P. aeruginosal 3] A+,
A2 558 o8 dolw glth E. cloacael o 3l
A& CP7} 8-FCPHr} $3 k&5 ¥W3or} E-
4474 % E-45002] 79+ AR F53 oA E Bk

WakunagaAHJapan)7} 7Hsts sl WQ A9
313} E(Fig )9 AS$ollAx 83 $lx|ol ¥45 9
3l, S, aureusd] W &7} E coli 5 1% &
Aol g daRc Addder e HErt
£ AEe Holw gurk? o3t AIH}EFL UnHH
o7 ALAS Z7AAFHE S aureus 5 1 %k
Aol i3k SpEtde] FrkE, WiR A5dS
Z7WAFE E coli 5 1% 5470 ZAe] Fv
He A dxEta ook

In vivo EREE— A A7 we] AF{A|Y
2dg o) gsle] QA dEAIH-S Hrigt AN Ta-

-

ble II), S. aureus Smith-o-Fol th3t 8-FCP2} in vivo
aaAd-e CPRr} $53tednt, B coli C4002 F3ol]
i3 8-FCP % CP2) MICH & 2 AlgokE 2% 0.05
pg/mi 2 A Ed &9, PDy*= 2h2) 0.53 mg/kg 9
1.13 mg/kgE 4] 8-FCP7} oF 20 Ax 973 oFF5 2
ol 9lew, K preumoniae C1040¢ el A%
MICA7} 2% 0.05ug/miZ 5Usb|qt, PDyal&
z+zt 0.35 mg/kg 2 1.07 mg/kgE 4] 8-FCP7} oF 3uj
Ax 7% HAeg viebdol 8FCP7F CPRr} A
Aol 2] gt gtgo] pslvhs AW ofE 4
A= ok Algedix] AF ol AgltES HTE
Foiatel-g uf, 8-FCPS] AUC7} CPX.c} o 2u) o]
e 73 WA Fe) gl o E ALEE-.
o)zl gt A= AwkH o g FEEA Ao AW
A2 AlEEAe] Ay MIC o)
AUC2] logloll vldl gt Zlat C-8 ¢1x]o] B4
= %t%] lomefloxacin, fleroxacin, PD-117596 59| in
vivo FE7} FbEl AR A X

o] A)

Bioassay (ug/m/)

3

HPLC (ug/mi)

Fig. 2— Correlation between concentrations of 8-fluoro-
ciprofloxacin(@®) and ciprofloxacin(C:) measured
by HPLC and bioassay method.

Table H—Protective effects of 8-fluorociprofloxacin(8-FCP) and ciprofloxacin(CP) on systemic infections in

mice
Organism* Challenge dose (CFU/mouse)  Compound® MIC" (ug/m/) PDs¢ (mg/kg)
E. coli C4002 9.0X 10% 8-FCP 0.005 0.53
Cp 0.05 1.13
K. prneumoniae C1040 1.8 X107 8-FCP 0.05 0.35
Cp 0.05 1.07

“ Microorganisms were suspended in 5% hog gastric mucin to infect intraperitoneally into mice.
?Test compounds were once orally administered immediately after infection. Five groups of 8 mice each were

treated with each test compound at different levels.
“MICs were determined by the agar dilution method.

4The PDs(median protective dose) was calculated by the probit method.

Vol. 37, No. 3, 1993
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Bioassay=4{®4 o} HPLCZ4{'Ho|| o3t &Ex|o| oA A", dn vive kA7) -7 AL AEFoIA
H|I2 —Fig. 2+ 8-FCP2} CP7} &% A4 ¥€3 )5 8-FCP9 =& Cou®t AUCH] 7]13H= Zog Ay
7+ 2070l thsled HPLCEA 3} hioassay#4-2 A4 =}
ated & FAA o AudAE Helx itk RS/1 BIF|0f| A2 FEAHH H|m — 517 ol 2] 2] Aol Eoft

™8 o] gsle] BHAUAE i Hu), 8-FCPY 7
%, y=1.02x+0.049(r=0.995), 28]5 CP2] #
=0.994x+0.091(r =0.998)°1 it} weby], +
% B 7)8707) 16 AHEE] wiiel, dFo) &

WAprEe Ao %A o]v] ghe}.
H

35 Yy
Ao}

ol o o
o e

AR 2Y— A LA 3o o)

4.6%, 28.8+ 35%0]9;11:} 8- FCP7]— CPEE}-
A oo, ole FAgHcR
Ls‘ilf4~
AF|o| Mo 2kSEHS Hjw -
(A)e] dFFs=-A7
T4 o W4Se Table Lol vehiolh 2
FodAle] z’é-?oli Fol= 2- A4S ERE dY ndl S
et glem, 8-FCP9 #HI HFFE(Crw7}t
CPrc}t °F7t Fsirh AF-FoiF9 8FCP4 Cmdx
53pg/ml°ixi CPxc} ofF 2u] Eghow F obE
5% ool Cruxell =3l T). 8 F oFE 9
AUCE 8-FCP7} 104 pg-h/miZ CPX¥x} 2u) o)A
=k AMFory AFFodTe] AUCH| el 4
T ATFo] Ao &E(F)E 8-FCP7} 89.9%¢°]
CPi: 422%2 8-FCP7} 28] o4 sbc}. whepa, 8-
FCP7} 15¢ S-2d+tell g} in vitro 373 CPRT

ol 4] A ol
Fig.35 2owl, ol

1Ay 3
hl

KN
L S W

L
=]

(At AFFATB)Y] 55247 F41-E Fig 49}

Concentration (ug/m/)

Concentration (ug/m/)

120
Time (min)

240 3¢S

Fig. 3—Serum concentrations of 8-fluorociprofloxacin
(@) and ciprofloxacin(-) as a function of time
in mice(n=>5) receiving a single dose of 30
mg/kg, either intravenously(A) or orally(B).
Each point represents the mean concentra-
tion.

Table ITI—Pharmacokinetic parameters of 8-fluorociprofloxacin(8-FCP) and ciprofloxacin(CP) mice(n=5) follow-

ing a single dose of 30 mg/kg

Pharmacokinetic parameters’

Route Compound C - foop AUC. . Ve F
(ug/mil (min) (min) (ug-h/mi) (mi/kg) (%)
) 8-FCP 124 19.1 72.9 11.6 2419
Y cp 95 16.9 982 109 3158
8-FCP 5.3 98.5 104 89.9
p-o- CcpP 25 977 16 122
“Values were calculated from the data of mean concentrations.
" Observed values.
“Volume of distribution.
¢Qral bioavailability.
J. Pharm. Soc. Korea
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Fig. 4—Serum concentrations of 8-fluorociprofloxacin
(®) and ciprofloxacin(™) as a function of time
in rats(n=>5) receiving a single dose of 30
mg/kg, either intravenously(A) or orally(B).
Each point and bar represent the mean conce-
ntration and standard deviation, respectively.
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Table IV—Pharmacokinetic parameters of 8-fluorociprofloxacin(8-FCP) and ciprofloxacin(CP) in rats(n=5) follow-

ing a single dose of 30 mg/kg

Pharmacokinetic parameters’

Route Compound C o AUC, . v, Fi UR
(ug/ml (min) (min) (ug-h/ml)  (mi/kg) (%) (%)
. BFCP 116+ 16 249t59 679+ 84 108+29 2593% 309 502+ 14.2
by CP 102+ 13 58+ 07 764+ 72 5408 2941+ 201 465+ 117
8-FCP 5.9+ 1.8 1026+ 121 96+ 16 886160 314t 98
p-0- CcP 11+ 0.9 982+ 154 22+ 05 407+ 60 185+ 36

* Expressed as meant standard deviation.

» Observed values.

“Volume of distribution.

“QOral bioavailailty.

“24-Hour urinary recovery of the intact compound.
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