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Antibacterial Activity of Zabofloxacin, a Novel Fluoroquinolone,
against Gram-Positive Bacteria

Hee Soo Park, Sung Ji Jung, Ji-Woong Jeong, Dong-Rack Choi*, Hyo-Hyun Kim**,
Eung-Chil Choi** and Jin-Hwan Kwak”
School of Life Science, Handong Global University, Pohang 791-708, Korea
*Dong Wha Pharmaceutical Industry Lid., Yongin 446-902, Korea
**College of Pharmacy and Research Institute of Pharmaceutical Sciences, Seoul National University, Seoul 130-743, Korea

Abstract — Zabofloxacin is a novel broad spectrum fluoroquinolone with excellent anti-pneumococcal activity. We inves-
tigated the in vitro activity of zabofloxacin against clinical isolates of gram-positive bacteria and the i vivo activity against
systemic infection in mice. Zabofloxacin was very active against gram-positive bacteria except QRSA (Quinolone-resistant
S. aureus) and VRE(Vancomycin-resistant Enterococci). Especially, zabofloxacin was extremely potent against clinical iso-
lates of Streptococci. Zabofloxacin was as active as gemifloxacin against systemic infection in mice. In view of its improved
antibacterial activities against gram-positive bacteria and good pharmacokinetic profiles in animals, the clinical usefulness

of zabofloxacin should be established by further studies.

Keywords [] zabofloxacin, fluoroquinolone, gram-positive bacteria, MIC, i vivo activity
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(AnYang, Korea)ol| 4] o] &3 th(Fig. 1).
Zabofloxacin?} H]E &) @A QoA ALEE I Q= A
Z7) &+ A9l ciprofloxacin(Bayer, Inc., West Haven, Conn.),
gemifloxacin(LG Biotech, Seoul, Korea), sparfloxacin(Rhone-

o) = e}
g A=

Poulene Rorer, Collegeville, Pa.), moxfloxacin(Bayer, Inc., West
Haven, Conn.) 5-& ©]8-3}5It}. Oxacillin, penicillin G, erythro-
mycin, vancomycin= Sigma AldrichA}l|4 {18t ARE-51
© 1 Linezolid?} Synercid:= HPLC(High-Performance Liquid
Chromatography)(Dionex. Inc., Korea)= A|eto] A5}t

AERF

=Ue] 3xF SEr]HellA VA ow el 58552 IRk
AR S o] 35+ 0, Staphylococcus aureus ATCC 25923,
Streptococcus  pneumoniae ATCC 6305, Enterococcus faecalis
ATCC 292125 = A319] Aldvh] 3t H7ks 913t 35t
F= AMgaITh

AEELH 23 AE

A O #Fel dig FaaEdel st HFA& A w5
(Minimal Inhibitory Concentration, MIC)2] &7, Clinical
Laboratory Standard Institutes(CLSD2] 12A] wlj%] 34 se] 2]
sto] AAsHATE? A1 #3= Mueller-Hinton Broth(Difco,
USA)ll 5310l 35°CellA] 18A17F vllofatglar o] % wljofFdl-s
AEL- WA E o] gste] ElAlste] ARgakgitE MIC 5785 ¢
3|41+ Mueller-Hinton Agar(Difco, USA) Bj#] & o] &35} t}.
S. pneumoniaeS} Streptococcus pyogenes ¥HOFS $1eix= Todd-
Hewitt broth(Difco, USA)°ll 0.5% yeast extract(Difco, USA)
= H7kslo] vjoks skl o, MIC 5745 9laiA+= Mueller-
Hinton agar <]l 5% defibrinated sheep blood(Hanil Komed,

o o
- | o | OH
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Fig. 1 - Chemical structure of zabofloxacin.

Koreays 37Fslo] AMSISITE. 7+ 3atAl=, HaL 557} 64 pg/
m/7} H 55 ste], o] sko e 26 Ald s]Aste] A
F57F 0.008 pg/mie] H55 datad sAAGS WERlth o
71e) Aujeret ;g sMste] HE o =7t 10" CFU/mI
7} HEE 3§, vlo] 2 E HE7] (microinoculator) S ©]-2-5}o]
7} qtels 10 ¥ Assto] HEAoR At s E ehtEdS
FHrakar ol iAol 10°CFUS o] HEH TS sl9ith. &
E wiAE= 35°CellA] 18AIRT miekslslar o] S A
3 gl i FEE MICE AAsiglon, B Ag 4
o] 82 CLSIOA #Adshs 25T T5(S. aureus ATCC
25923, S. pneumoniae ATCC 6305, E. faecalis ATCC 29212)
o]g3lo] A% 2] (quality control) SFATE.

OjA0| MAZHDHOMe| ofF B

3o th2 thzekE Sy niw A3sknh el AR S
aureus giorgio 5= Tryptic Soy Agar vjx]o|4] 18A]7F vhok
st ¥, 5%°] @A 2 FAl(Mucin from porcine stomach,
Sigma)ell #Este] AT S. preumoniae ATCC 6305
= BHI(Brain Heart Infusion) S}Aul=|ollA] x|ulek 5 2
Aglste, 0.9% Al Aol dErste] ARg-skith AF
19~21 g 7 ICR AFA @A AlolA2)e] H57F Uol], #HAA]
AFEES] 5~108f0l] aidsh= At ek Qs 0.5 mie] 7t
A TAE FARIGITE oFs Fof 5w Aol dig oFs
o] Al MICE Fraste], ALz 57k 49
o] 855 AMESIGILE A & ARE 4ARE ol Z) ek
gl k9] T w59 s AFl BT Folgk &, 7
7F AF e AEES WEsto], ==Y F4% (Probit analysis)®]
o 50%2) BFE AEAA F v FES FEE(ED;,
Effective Dose) Z43IArh!Y b8 A A|84x] 92 AT
7 o)F kel BT APdSiSiTh
HEdn

QIAMEE|R30f| Lt Zabofloxacin?| EH&

S. aureus®l) T3t zabofloxacin®] A& ¥ 2F&+= Table Io]l
Sk}, Zabofloxacin= S. aureusoll thalld A3 H==
A FolA gemifloxacin@} | 7 9478 StS 1o
FAo. dAAA A S aureusMSSA, methicillin-
susceptible S. aureus)ll ti$t zabofloxacin®] MICq(HA] A&
T72] 90%°1 ldsh= wtoll sl Asl & 2he 5
0.03 pg/mizA], zabofloxacin®] &2 ciprofloxacin=t} 16 i
283k, w3t zabofloxacine= XA H WA S, aureus

(MRSA, methicillin-resistant S. aureus)°ll Tl ciprofloxaxcin
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Table I -1In vitro antibacterial activities of zabofloxacin against clinical isolates of S. aureus

Antimicrobial MSSA (n=64)* MRSA & QSSA (n=12)* MRSA & QRSA (n=159)*
agent Range 50%" 90%" Range 50% 90% Range 50% 90%
Zabofloxacin 0.008-0.06 0.015 0.03 0.008-0.125 0.015 0.03 0.25-64 2 64
Ciprofloxacin 0.06-1 0.25 0.5 0.125-2 0.5 1 8->64 32 >64
Sparfloxacin 0.015-0.125 0.06 0.06 0.06-0.5 0.06 0.25 2->64 16 >64
Moxifloxacin 0.015-0.25 0.06 0.125 0.03-0.5 0.06 0.25 1->64 8 64
Gemifloxacin 0.008-0.06 0.015 0.03 0.008-0.25 0.03 0.03 0.25->64 2 64
Oxacillin 0.06-0.5 0.25 0.25 4->64 16 >64 64->64 >64 >64
Erythromycin 0.125->64 0.25 64 0.25->64 0.5 >64 16->64 >64 >64
Vancomycin 0.25-2 1 1 1 1 1 0.5-2 1 2
Linezolid 2 2 2 2 2 2 2 2 2
Synercid 0.125-0.5 0.25 05 0.125-0.5 0.25 0.5 0.125-1 0.5 1

“MSSA, methicillin-susceptible S. aureus; MRSA, methicillin-resistant S. awureus; QSSA, quinolone —susceptible S. aureus; QRSA,
quinolone-resistant S. aureus.
550% and 90%, MICs at which 50 or 90% of strains were inhibited, respectively.

Table II -In vitro antibacterial activities of zabofloxacin against clinical isolates of CNS?

Antimicrobial Methicillin-susceptible CNS (n=23) Methicillin-resistant CNS (n=28)
agent Range 50% 90% Range 50% 90%
Zabofloxacin 0.008-2 0.015 0.5 0.008-4 0.5 1
Ciprofloxacin 0.06-8 0.125 4 0.06-64 16 32
Sparfloxacin 0.03-8 0.125 4 0.03-32 4 8
Moxifloxacin 0.03-4 0.125 2 0.06-16 2 8
Gemifloxacin 0.008-0.5 0.015 0.5 0.008-8 0.5 1
Oxacillin 0.03-2 0.25 2 4->64 >64 >64
Erythromycin 0.06->64 8 >64 0.06->64 >64 >64
Vancomycin 1-2 2 2 1-2 2 2
Linezolid 1-2 1 1 1-2 1 1
Synercid 0.125-1 0.25 1 0.125-2 0.25 1

4CNS, coagulae-negative staphylococcus.

Hr} 32 v} gt @S Helth QRSAe) diEike BE F
w5 YatAlZE o] flsith

H x| A™ 74 CNS(Coagulase-Negative Staphylococcus)©ll
i gt zabofloxacin®] MICgy 0.5 pg/mi=A] ciprofloxacin H.t}
8 =515 a1, HIXAH A CNSell tialiA & zabofloxacin
MICgy, 1 pg/mi)©] ciprofloxacinMICy, 32 pg/m)Hr} 3200 -

3T (Table 1I).

HAYAH 744 -\ TF (PSSP penicillin-susceptible S.
pnewmoniae) X HYAY WA HHFIPRSE penicillin-
resistant S. pueumoniae)| ©¥t zabofloxacin®] MICy)=
0.03 pg/mi=A] ciprofloxacin®th 648l 5313131, T3 Al
ol thel]l 9573k 25 =5 717 Ao 7 4edA sparfloxacin

Table III - In vitro antibacterial activities of zabofloxacin against clinical isolates of Streptococci

Antimicrobial PSSP (n=29) PRSP (n=65) S. pyogenes (n=47)

agent Range 50% 90% Range 50% 90% Range 50% 90%
Zabofloxacin 0.008-0.03 0.015 0.03 0.008-0.03 0.015 0.03 0.008-0.125 0.03 0.06
Ciprofloxacin 0.5-4 1 2 0.5-4 1 2 0.5-4 1 2
Sparfloxacin 0.06-1 0.25 0.5 0.125-0.5 0.25 0.5 0.125-1 0.25 0.5
Moxifloxacin 0.03-0.25 0.125 0.25 0.06-0.25 0.125 0.25 0.125-0.5 0.125 0.25
Gemifloxacin 0.008-0.06 0.03 0.06 0.008-0.06 0.03 0.06 0.015-0.125 0.03 0.06
Oxacillin 0.015-16 0.5 8 2~16 16 16 0.03-32 0.5 8
Erythromycin 0.015->64 0.5 >64 0.03->64 >64 >64 0.008-8 0.06 2
Vancomycin 0.25-0.5 0.25 0.5 0.25-1 0.25 0.5 0.5-1 1 1
Linezolid 0.25-1 0.5 1 0.25-1 0.5 1 1-2 2 2
Synercid 0.125-2 1 1 0.25-2 0.5 1 0.25-2 1 2

PSSP, penicillin-susceptible S. prneumoniae; PRSP, penicillin-resistant S. preumoniae.
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Table IV —In vitro antibacterial activities of zabofloxacin against clinical isolates of Enterococct

Antimicrobial E. faecalis (109) E. faecium (33) VRE (16)*
agent Range 50% 90% Range 50% 90% Range 50% 90%
Zabofloxacin 0.008-16 0.125 4 0.03-32 2 16 0.125-4 0.5 4
Ciprofloxacin 0.06->64 2 64 1-64 4 64 0.5-4 4 4
Sparfloxacin 0.25-64 1 32 0.5-32 4 32 0.25-4 4 4
Moxifloxacin 0.06-64 2 32 0.25-64 4 32 0.25-4 2 4
Gemifloxacin 0.008-16 0.125 4 0.03-64 2 16 0.015-2 0.5 2
Oxacillin 8->64 16 >64 16->64 >64 >64 32->64 >64 >64
Erythromycin 0.125->64 >64 >64 2->64 >64 >64 >64 >64 >64
Vancomycin 0.5-4 2 4 0.5-2 1 2 >64 >64 >64
Linezolid 1-2 2 2 2 2 2 2 2
Synercid 0.25-16 4 16 0.25-8 0.5 4 0.5-2 2 2
4VRE, vancomycin-resistant Enterococci.
Table V —In vivo activity of zabofloxacin against systemic infections in mice
Microorganism inoculum Antimicrobial MIC EDs, (mg/kg) (95% confidence limits)
(CFU/mouse) agent® (ug/mil) .o
S. aureus giorgio (5x107)° Zabofloxacin <0.008 2.40 (0.82~5.07)
Gemifloxacin <0.008 2.33 (1.37~3.84)
S. pnewmoniae ATCC6305 (2x10%P Zabofloxacin 0.008 6.74 (2.38~11.61)
Gemifloxacin 0.015 7.99 (3.66~14.02)

aAnt1m1crob1al agent was administered orally at 1 and 4 h post infection.
bS. aureus giorgio was suspended in 0.9% saline solution containing 5% mucin, and S. pnewmonia ATCC6305 was suspended in 0.9%

saline solution.

moxifloxacin® U= ZF2}F 164, 83l <7313t} S. pyogenesel| o]
3] 4] = zabofloxacini= ciprofloxacin, sparfloxacin, moxifloxacin
ofl ulalix Zizt 3280, &ill, 44l 9=k FreS HSICK(Table IID).

- Mt (Enterococe) TR 1EFFAI Aol B3|
zabofloxacin®] @ Z5/do|QARE ol #Fo dEiAE
zabofloxacin®] 322 gemifloxacing A8 3F t}= ?] &

H]El 8~16vl 973t VRES] disiME BE s ItA|
7} F5% a9E RAFITH(Table IV).

OrP2e] MMZHZHIoAMS| ofF HIt

uRe-20] AR def|4 9] zabofloxacin®] X5 &Y= Table
VollA gemifloxacin®} B W3FAT}. S. aureus giorgio 72 7+
Aol ot zabofloxacin %! gemifloxacin®] EDgy= 212} 2.40
mg/kg, 2.33 mgkgEA ] A2 8528 X85S BoFQL) S
preumoniae ATCC6305 w2 A7 el 3] A+= zabo-
floxacin(EDy,, 6.74 mg/kg)°] gemifloxacin(EDg,, 7.99 mg/kg)X.
g of7t 9573 X7 8IS HoJFEQIY). Zabofloxacin®] AY A

Amavhs o] 3hehEe] Advhfelr o] Tt F2 gk
AE Kol F3Ie

-8k ABARA AREHAL AARE, el FEE It
Ao} ARge] S7REel wet IRt Fell 53 uﬂﬂ?ﬂ%}
2! MRSA “5llA wd &%91 o] F48] F7k AL

Aotttk 2eu AA AR 5 A ﬂl?ﬂ?&g
S T Altell thet Feteo] B wiitel, olE W
5ol oJek 39 Agke] Azells AREA el e A
O]E]_.ll,lz)

Zaboﬂoxacin—

01___

_ﬂh’—i S+t

Wl&oﬂ st st Fetee e

—_’-%mc}“é *ﬂﬁ"’ﬂ EHOHHE §rt
A 719 AmE Aol H]’GH Z&ilo] ‘il%% HojFErLsd
Zabofloxacin®] 1k Altol] o3l 9431 kg =
ridone E#ef oximeo] &/JstE AlEF aminomethyl-
pyrrolidine©] 2]$k=o|Q17] wliEo|t}, URHA o R FisE K9]
31 $]X]o]| 3-aminomethyl-pyrrolidine 2717} X|$t=]o] 1o,
A8 UjellA] gtk ohet A UlellA 1k dtel dist 3
#eo] TEE Aow g1 kB3 A, Zabofloxacin
AsEollA A7 7ol Al 3k ks ehs] 545 Hol

"1_:‘ 1o 111 T
FIL QL& Rk ohEt 50%=

]l

L

il

AR} A7 % 9
LD, 0] #F-2 oA 2,000 mg/kg o1dolH, NES FajA
OO A FEoA g kF Aow el
Heh19 o]2)3t ofe] EAEL ZabofloxacinZ} Q3+ x| &
AA AHgR 5 S RS wolFt Rel,
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