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ANTIMYCOBACTERIAL ACTIVITIES OF A NEW QUINOLONE, SPARFLOXACIN
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(Received for publication November 22, 1990)

Sparfloxacin (SPFX), a new quinolone, was studied its in vitro and in vivo activities
against various mycobacteria, especially Mycobacterium intracellulare. SPFX exhibited a
potent in vitro activity against M.tuberculosis, M.kansasii and M.fortuitum with MIC,,
values of 0.2,6.25 and 1.6 #g/ml, respectively, and the potency of SPFX was higher than that
of ofloxacin (OFLX). M.marinum, M.scrofulaceum, M.avium, M.intracellulare, M.chelonae
(subsp. abscessus and chelonae) were resistant to SPFX. SPFX inhibited the growth of
M.intracellulare in TH9 broth when added at the concentration of 0.2 ug/ml and rapidly
killed the organisms at the dose of 1 ug/ml. The activity of SPFX was higher than that of
OFLX. SPFX exhibited a greater antimicrobial activity against M.intracellulare phagocy-
tosed by murine peritoneal macrophages than did OFLX.

SPFX exhibited a weak therapeutic activity against M.intracellulare infection induced
in mice, on the basis of the rate of bacterial elimination in the host lungs and spleen, but
such an efficacy was not noted for OFLX. SPFX combined with rifampicin (RFP), or in
combination with RFP and kanamycin yielded a slightly increased therapeutic efficacy,
based on the degree of pulmonary gross lesions in host animals or CFU of organisms in the
lungs and spleen.
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LT AT, RHASBKIC kI shic=a—F /D
vHKITdh B AT —4140 (Sparfloxacin) 37 5 L5
FilE i 7 5 aEMEIC L TIRIAWIREEEEZ A L,
#Em 7 N ERE, LR, MREKE, MgRE, K
B 2 D IMRIREIC & 2 EBRI < v 2GS LTS
BREBRBEDNROS S EMBEDLNATVWED Y, 2L
T, bhbiid ofloxacin 2l ULHETE=a—F/01
v FI O FIRENIC R T RIS D LT OB
D—E& LT, sparfloxacin OFfic MAC %tla& g
L~ A a~Ny 7Y 7T B in vitro WFIC in
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1. #E &3

Sparfloxacin (SPFX ; KHA®E, H), Ofloxa-
cin (OFLX ; &—#&48E 7)), Rifampicin (RFP,
H—H) B L Kanamycin (KM ; BIiRHE, 3
B 2R L ko invitro EEBR T}, SPFX LTI
OFLX (2 0.IN NaOH iZ, RFP & Dimethyl sulfo-
xide 12, F7 KM BEHKICIEM L ek, S oK
HMkd 20 3 EEKTHTEREICHARL THOV, in
vivo EERTIRAERKS 5 W IZFRH/KICHE (HEEL
) hdaBLizborHui: GEEEROIEAE SR,

2. #t A %

BEMRGF D Mycobacterium tuberculosis 25 #%,
M. kansasii 19 ¥k, M.marinum 108k, M.scrofula-
ceun 19 #% , M.avium 18 ¥k, M.intracellulare 31
¥k, M.fortuitum 20 #%, M.chelonae subsp. absce-
ssus 15 ¥k 8 X O M.chelonae subsp. chelonae 20 ¥
MW o M.avium B & U M.intracellulare 13245%
FiebBWT, ThoBBICRKRENZEDNA 7o -7
(Gen—Probe ® Rapid Diagnostic System ; Gen—
Probe Inc., San Diego, Calif., U.S.A.) ZHWT
HEshizboThHy, WIFNOREKLRY, i, &
M7 4% H2BE (Smooth T) 2R3 D TH %,

3. XY
HA SLC &) & oA L 7cddY Rilf:*icBALB/
c R~y 2E2H W,

4. MIC JlEH:

# & H % TH9 broth (Difco) 4 37 °C (M.marinum
& M.chelonae subsp. chelonae 1333°C), 3~T7H
BE##%, ODsgonm= 0.1 (F110° CFU/ml) 2785 &
SICHEBL, £D0.1% Tween 80IERKTD 10 £5
ZWiti % 100~0. 0125 g/ ml 1<% 5 2 (5B
DK EEHT S THIL #K (Difco) P Eiciz v

OB HEe6 B HE 105

75 vy — (EAREWER, R/ED MV Toul 28y
b L 7o 37°C (M.marinum & M.chelonae subsp.
chelonae 1 33°C) T, 5% CO, T, MEFERI 7
M, $BRABEE 4 OBERCEREOAMEBE
L, EHOHERE T 5 MIC 2k,

5. M. intracellulare DENEIEICKT T 2 BLEITEH O
HIE

SPFX & % Wiz OFLX @ 0.2, 1 8 & ¥ 10 ug/ml
wind 5 WizIERM GHE) @ THY broth @ 5ml %
ANt 27 Y a—F v v FARBRE 17x150mm) I
M. intracellulare ® TH9 broth &l () 10° CFU/
ml) ®0.1ml%MAZ, 37C, 10 Hfl — Zz ORI 1 H
2EITFIRY — HE L, —ERCEIC7 7 VEaRKD
WOk L, ARKTL0MHEERGRL, 20 1mld>
Z THI1 SEREM s L, 37°C, 2B%oFA T
= —HEREL

6. v v A7 07 > -V (M¢) AHER
M.intracellulare \<3$9 % HLE{EH

Zymosan A (Sigma Chemical, U.S.A.) 1mg %
BALB/c Ritfw v 2 (10 8k OEHEANNZSL, %
D 4 H%IT 2 %4 K Wi # in Hanks’ balanced salt
solution (FBS—HBSS) TR HIMHNEZ EREL 7o,
155 N fo M el SR i T iR, 10 % FBS—RPMI
1640 (FBS—RPMI) ki (H/KEER, 850 12 1x10°/
ml OB B LD IiRlEsE, £D 1ml 2116
mm ® 7 5 A F v 7 culture well (Corning Glass
Works, U.S.A.) IcAN, 5%CO, BB TT, 37C,
2 B[R #4%, FBS—HBSS THEfTE MM % Bed,
E£L, BohicfIEmiaz Mg & LTHW S,

D Mg BB B # 1 FBS—-RPMI £iithic & 5 M.
intracellulare N — 260 ¥k 538 (8x10°CFU/ml)
D1 mlEMA, 5%CO,BEiF, 37°C, 1Wfi, Mg
CHEAEASE%, FBS—HBSS THERRE L,
L, ThiC SPFX .5 Wid OFLX @ 1T
10 ug/ml % & H FBS—-RPMI ® 1ml 2MZ, &5
15 BRI E — 201 H2 [, [l & S —
Lo RWVT, Mg BiEE: % HBSS Tk L, Mg
PAEFREIRE TH 11 R E VT 5 % CO, BREE T,
37°C, 4 HEEHRICHELLY, 2LT—HTH,
ZhEE—&HTFciEE L Mg % Giemsa Jetf, §i
BRLTZOMAEEEL, Mg H7<b D CFU HT/RL 7,

7. EB= v 2 M.intracellulare B4 515 #
R
(1) Ko Bk s
M.intracellulare N — 260 ¥kE7F:8#% (8.4<10°CFU)
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ZddY Rif= v 2 (58 DRFEIRN~EREL, =
DEH XY SPFX & 25 WIEOFLX oA AKIZLS 5
W10 mg/ ml BEKED 0.1ml % 1 H 1[a], 26 [a,
45503 8BIchl > THRE FAEE L, L
T, RS 1H, 4BXUSEBICER HKRL, WD
WIRERZ O EHES W LIRS 28K L, 5H¥ T, THIL
FERM LTI CFU 0BE'” 28275 -
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(2) SPFX EAhFEGLEEH D OFHES:

M.intracellulare N — 260 ¥k & % 8 #%& © 0.2ml
(9.6 x10°CFU) % BALB/c Rt~ v x (5E#) @
RN~ L, 20F AL 1 1E, #6Md -,
4H250iF8BAMIcbIZY, EHKITHEEL K SPFX
(10 mg/ml) ® % Wit RFP(4mg/ml) ® 0.1 ml %
Vv FERBOTROMS, KM @mg/mD 3ERKIC
BRLILbDOD01ml 2#HWEFAFREL, £77,
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SPFX & RFP OG5 Tid, Th SEHREKD
0.1ml ZREORE Ul REDR OHE R & ki
LTBTH -1,
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SPFX © ALK 2R M BE cx 3 5 MIC %
Table 1 I&/RL7z, BB, M.tuberculosis, M.kansasii
B XU M. fortuitum <3493 SPFX @ MICq 3% 1
1 0.2, 6.206 BLKU1.6ug/ ml T, ZOHEIEMHZ
M.marinum, M.scrofulaceum, M.avium, M.in-
tracellulare, M.chelonae IZX{d % &0 &b - t2,
% LT, SPFX oHEEHEIZ OFLX oz hEEUME
LA—BICREDIE0hDbOTRPEN TS DD K
HITH T

i

1
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Table 1. MICs of SPFX against Various Mycobacteria

MICs (1g/ml )

Species No. of
strains SPFX OFLX
MICso MICgw MICso MICq
M. tuberculosis 25 0.1 0.2 0.8 1.6
M. kansasit 19 0.8 6.25 1.6 6.25
M. marinum 10 6.25 12.5 12.5 25
M. scrofulaceum 19 12.5 25 12.5 50
M. avium* 18 3.13 12.5 25 100
M. intracellulare™® 31 6.25 12.5 50 100
M. fortuitum 20 0.8 1.6 1.6 3.13
M. chelonae (abscessus) 15 >100 >100 >100 >100
M. chelonae (chelonae) 20 12.5 50 12.5 50

* Identified by DNA probe test.

Table 2. Antimicrobial Activities of SPFX against
M. intracellulare in Murine Peritoneal Macrophages

Concen- CFU,/10 macrophages
Drug tration
(ug/mb Incubation time (days)
0 3 5

None - 1.98 = 0.07 10.0 £1.02 21.5 *+1.93
SPFX 1 NT# 522+0.20 11.3 +£2.38
SPFX 10 NT 1.16 = 0.09 1.41 £ 0.06
OFLX 1 NT 7.19 £0.40 16.2 £0.70
OFLX 10 NT 4.18 £0.16 6.85 = 0.58

a) Not tested.
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Table 3. Effect of SPFX against M. intracellulare-
infected Mice : Gross Pulmonary Lesions®

No. of Gross pulmonary lesions

Drug Route Dose mice

(mg) — 1+ 2+ 3+
None - - 5 0 0 4 1
SPFX SC 0.5 5 0 0 5 0
SPFX SC 1.0 5 0 1 4 0
OFLX SC 0.5 5 0 1 4 0
OFLX SC 1.5 5 0 1 4 0

a) Infectious dose : 8.4 X 10°

Table 4. Effect of SPFX against M. intracellulare—infected
Mice : CFU Recovered from Lungs and Spleena)

Log CFU,”organb

Drug Route Dose

(mg) Lungs Spleen
4W 8w 4W 8W
None — -  4.87=%0.15 6.28 = 0.17 5.73 £0.13 5.61 =£0.14
SPFX SC 0.5 4.96*0.11 6.20 = 0.24 5.76 = 0.02 5.62 £ 0.27
SPFX SC 1.0 4.76*0.11 5.69 = 0.27 5.71 £0.15 5.04 =0.14
OFLX sCc 0.5 4.80=*0.17 6.06 = 0.46 5.76 = 0.17 5.97 +0.22
OFLX SC 1.0 487*0.14 6.20 = 0.09 569 =0.14 5.76 £ 0.23

a) Infectious dose : 8.4 X 10°

b) Mean®SE (n=5). Number of Log CFU per lungs and spleen 1 day after
infection was 4.7230.05 and 6.210.05, respectively.

2. M.intracellulare OEMHEHEIC KIE T HLERIEH
Fig. /R & 91, M.intracellulare N —260 %
SPFX & % Vi3 OFLX & TH9 broth th TH# L /¢
5%, SPFX Tt 0.2ug/ml T M.intracellulare @
oM EIE Lot LT, ThEE—BED
OFLX B o DR ERIT I Uo7, 51T, 1
ug/ml ® SPFX T3 M.intracellulare D= m135%
E A SN fons, THEFEEEDOFLX TR—F#S
BEVBA LN DD, ZORMIEER AR L, &Y
CRBEEROABED SN, L L, WAL DS
10 ug/ ml G TILELL BFE LA Ste, Lichi -
T SPFX @ M.intracellulare N —260 #Ricxt 3 5 HiE
EHEIROFLX o2& D b EWnWE K5,

3. M¢ N#ER M.intracellulare \ZXd 2 TR IEH

Table 2 KR & 52, Mg HicERS N M.in-
tracellulare @ i fd N SE 3 BB P~ 1 ug/ ml D
SPFX 2iRMd 2 T &tk » T, ERMORICHA~NT
& 3 HIE T 5 HEBOLFNITE VT K50 %0
I H bNt, & 5110 ug/ml © SPFX % Bkt
ICIRINL B ATHE, BBEIHBXU5 HETEIERE
WIMDRITHANTE 4 88 &0 93 %DOHE OMIENEEE
OHIEIA A Sht, i, OFLX icBWTHIH Lk
M¢ M M.intracelulare O BESEHNHIER 25 H S 172 h3,
ZORRE IR SPEX KR TRPEBHDTHH T &N

ﬁ}b‘ -7

4. EERM M.intracellulare =9 AF4uxfd% SPFX
DIREERNR
(1) Him#&s
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Fig. Antimicrobial Effect of SPFX against M. intracellulare Growing

in TH9 Broth

Table 5. Therapeutic Efficacies of SPFX of Combination with Other
Antimycobacterial agents in Mice Infected with M. intracellulare :

Gross Pulmonary esions?®

No. of Gross pulmonary lesions
Drug Route Dose mice
(mg) - 1+ 2+ 3+
None - - 5 0 0 4 1
SPFX PO 1.0 5 0 0 5 0
RFP PO 0.4 5 0 0 5 0
KM SC 0.4 5 4 1 0 0
SPFX+RFP PO,/PO 1.00.4 5 0 3 2 0
" SPFX+KM PO/SC 1.0,70.4 5 5 0 0 0
SPFX+RFP+KM PO./PO./SC 1.0,/0.4/0.4 5 5 0 0 0

a ) Infectious dose : 9.6 X 10¢

M. intracellulare &% < v RIZSPFX & 3 W i3
OFLX 0Bk 5 %217 » 7354, Y4 BHE TIREH
BRSH LG L A DTARNIREDA S e b
DRI - 1o, BE8BHICIE S L Tabled RT
L I AHEEYIC B L THMETIBRESED S h,
Z DREDFEE 1F SPFX & % W3 OFLX #58 &k
BEXMBIE OMICEZRA ONEH - 12,

Table 4 2 id M.intracellulare &Gt= v 2 O il f
WA CFU OB AR Lk, B4t 4B%Tld SPFX
ATz OFLX @ W ¢ o SEHIHE S HIC BV T bxt it
EDOMICCFUHIZIZ E A EZERIZA SN - 1o b,
R 8 1% < 12 SPFX 1mg 5B BT, Mo

WA CFU & bIHBEHICB T 5L 0 69 RE T 2
B St

@2 PHES

SPFX & RFPBL U, &5 Wid KM & DpHEE
@ M.intracellulare &G BB RICOVTHR
U B~y 2B 2MREOHBEEE & £ 0%
E 3, Tablebic/”Rd & D1, SPFX+RFP Tid SPFX
HMESICBI 5 X0 IS LITBE S ©/zds, SPFX
+KM 8 & U SPFX+RFP+KM T3 KM BMi5 0
ShIRASEE L, ik & OPEFHZIRBROHS TR -
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Table 6. Therapeutic Efficacies of SPFX in Combination with Other Antimyco-

bacterial agents in Mice Infected with M. intracellulare : CFU Recovered from

Lungs and Spleen®

Log CFU organ®
Drug Route Dose
(mg) Lungs Spleen
4W 8W 4W 8W

None - - 5.54 = 0.07 6.66 £0.08 6.58*0.04 7.11 = 0.06
SPFX PO 1.0 5.41 +£0.11 6.63 £0.07 6.53 £0.07 7.12 = 0.08
RFP PO 0.4 4.88 £0.18 6.43 =0.07 6.43 £0.03 6.73 £ 0.04
KM SC 0.4 4.21 £0.23 4.00=0.16 6.39+=0.06 6.33 £0.04
SPFX+RFP PO 1.00.4 4.93*+0.16 6.03=0.06 6.55=*=0.10 6.96 = 0.07
SPFX+KM PO,/PO,/SC 1.00.4 4.17*+0.35 4.65+0.32 6.23=0.07 6.34 =0.10
SPFX+RFP+KM PO/PO,/SC 1.0,0.40.4 3.54+0.12 3.77 =0.31 6.20 =0.06 6.31 =0.04

9.6 X10°

a) Infectious dose :

b) Mean = SE (n=5) . Number of Log CFU per lungs and spleen 1day after infection was 4.34 = 0.04

and 5.89 £ 0.03, respectively.

CFU 0 Z b % g 8 BRiIch iz » THEB L & T A,
Table6 IZ7R9 & 52, SPFX B 5 T3e 2D
PRIEA SIS, £, RFP $5 03 KM & OfFAE%
itk ->Th, ThomHlo k5 ROMEHE
SN - 12h, SPEX+RFP+KM @ =& 6t H
WKk > TEDEGBBENROWUENAONDE DD LD
Th-1o

z %=

—fAREE T L T3 SPFX 3 OFLX 2 lhN T
DENERREFREET S EMESNTE VP,
JEFERMEDIRREE, T AT MAC 1T & 5 HHEHIRE
FEICK LT d OFLX &b bENHREEHERL S 3
AR IR & o ARIORER IR IRMEDERE 8 B
FEicxfd % SPFX OENHLEIEH%E MICy 22\ TH
% &, M. kansasii 8 & U M.chelonae 2R\ 73 X
ToHAEREICH L TOFLX &0 0P WiEHEER
Ltzo LnL, ZDiEM:E M. tuberculosis, M.kansasii
B LU M. fortuitum 123t U T RILEKIED - 725,
fthod 5 I L TRIBEVWHDTH » 7,

— R g v I L CEMETH B S5mg kg
H& T ® SPFX 0 & O # 58 ol o i [l @
Cmax 134 0.28X00.Tug/ml LHRESNT
Wa W, zZTthhbhiMmbo Cmax PLEkd 5 i
B (0.2 ug/ml) ® SPFX »& g fucEichto M.
intracellulare DEEHIT > VW THRET L THIH (Fig.
2R), HEHETOLE M IRMEREZICEEED, Z

D% IEHFERMORICB I B bDEEDL L WEETOD
BB A SN, RICHN Cmax fBICI1ZIZPLHT 552
& (1ug/ml) ® SPFX 2%ML R TD M¢ AHH
& M.intracellulare DZEE% A2 L, Mg AN TD
BRERAONT, 50 BIEE O MIEHENRD Szl
B X7 -7 (Table2 B8), Ll EomkfEL v, 5
mg kg (0. 1mg/ =¥ 2) OFETIZZ OEED
HREELALHFTERVWI ENFHENIZDOT, 41
B2ZD5BLTI0MEERD SPFX (0.5 8&LU 1mg/ <
v 2) O¥EETV, TORBHRERF LA, sL
1o BRBEFTELD - 1,

SPFX & RFP & 3 Wiz KM & @ MAC BZticxtd
BPEHRIRICOWTIE, Table 5, 6 /R L7cHEEKX D
S MM LS, SPFX+RFP, SPFX+KM &b -
rHASHhE TR, Bl Lo TodRBEOE/E
e LMD T, MMmESRER TR
bDODESTHot, L LIEHS, SPFX+RFP+KM
D 3 FHHTIREICHIN CFU 2151 E LR T,
BB S B L TP BN IRESIRSEBD 51
TBY, o7 I/ 7Y ay FHERER) 77 <4 ¥
VERBAL & OHLERID S 12 5 ZHIBHRIC SPFX %
MABERBENRDICERNDLEDODLS ICEDbN
B, TORIKOVTIRE SICFHERSRFNSSLE»EE
ZAbh 3,

# B

SPFX @ in vitro ¥ in vivo BLiwA 3% 7



1991 #£10 A

TIEHICOVWTKRET L, BINORREE

(1) SPFX & M.tuberculosis, M.kansasii 8 &
M. fortuitum 5t U T BB N CENBUETEEZE R
3T &, F I AFNIEFIC M.tuberculosis, M.avium
B XU M.intracellulare 1IZf L T OFLX &0 &%
FENLTEEEEZRT L0800 -1,

(2) SPFX 1mg K T#5 Tld M.intracellulare
&Y= o 2o LT, M & © 0ESL CFU X0 &7:385
BEDIBEMRD D EEZ Ok, ROKRETIRES
Thotz, £, KM+RFP & DHFHIC &Y Z DiFE
EDOBEENAEEEL IZTVWZHVWETHZDEGHFEIN
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