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DETERMINATION OF ANTIMYCOBACTERIAL ACTIVITIES OF
FLUOROQUINOLONES AGAINST CLINICAL ISOLATES OF
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with Egg-based Ogawa and Agar-based Middlebrook 7TH10 media
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The minimum inhibitory concentrations (MICs) to the fluoroquinolones, ofloxacin
(OFLX), ciprofloxacin (CPFX), sparfloxacin (SPFX), norfloxacin (NFLX), balofloxacin
(BLFX) and CS—940, were determined in 100 clinical isolates of Mycobacterium tubercu-
losis. The MICs were determined with 1% egg—based Ogawa or agar —based Middlebrook
TH10 and each of them supplemented with oxidation—reduction color dye, 2,3—diphenyl—
5—thienyl —(2)—tetrazolium chloride (STC) by using the microculture technique. The MICs
determined with Ogawa medium were approximately two- to four —fold higher when
compared to those determined with Middlebrook agar medium. The supplement with STC
slightly increased the MICs, probably as a result of easily recognizing small initial
colonies. Among the six fluoroquinolones, CS—940 and SPFX showed the greatest antimy-
cobacterial activities with inhibition of 50% of all the isolates at the concentrations
between 0.25to 0.5#g/ml. OFLX, CPFX and BLFX followed in potency at 0.5to 2.0 ug
/ml. NFLX was less potent requiring 8to 16#g/ml to inhibit 50% of the isolates.
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Human immunodeficiency virus (HIV) B33
TOSHIMEEEE OB L ZOWHD IV, Zhbd
DT EAEAZE I D BRI R IR O EPRBOTEL
LTHY EFsnTna?, hasEICB W TiE, #E
BEEOTEEE BV 00, HEEFDH L VIdERE
2B S N RO T PSR RE 1L BRI <, BRI
5%, Rifamycin #FiEk (KRM—1648) 2EDH L
WHIERHID BRI H S50, SEORIGE LT,
INF TMMEIC & DRGSR KRGS TE 2w
OPD=2—F /0 ZHEEOBRIRE ST
%, INFTOIEOKREETIE, ES5TIRSI NI
R TOEFBREZUABRFERSNTE 220, FHS
NBPEER OADPRER SN, ThUNOHEA O
Mycobacterium tuberculosis (M. tuberculosis)
W AIMEERE I L ALHIE SN TRV,

AEbhbhi, FH2CAR SN 25 (Balofloxa-
cin, CS—940) #&tL 6D =2 —F /0 v RPEE
ERRIZ, DHETHEH ST B0 L EREH,
Middlebrook TH10 X% v, Th N OHE
ETOR/NFEEMIEEE (minimum inhibitory con-
centration ; MIC) Z#lE LD THET 5,
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MIC HIEDONRE L2 —F /0 v EIIUTD 6
#Td 5 : Ofloxacin (OFLX ; 8—38§), Ciprofloxacin
(CPFX ; /N1 = )V# ), Sparfloxacin (SPFX; K
HARE), Norfloxacin (NFLX ; Z#E%E), Balo-
floxacin (BLFX ; A/ EE), CS—940 (=), v
N ZNZhORETL ) EELGFG S, ZOHERIC
o T—EREDKBWATEL,
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REARKF R 5T B R IR B Fp FAR TR IR B & OV E LR
HHEEREICTOEERE SN M. tuberculosis BRR
SHERRI0OMR 2 KB R L LTz, TABEEHOHMT
American Type Culture Collection (ATCC, Rock-
ville, MD, U.S.A.) & Y5357k, M. tuber-
culosis ATCC 27294 =R L7z,
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1 %/INIB#3B X O Middlebrook TH10 XK # D
2FEEOBEMTMIC RHEL, 72, HEFTORE
XYM, EREICIT) BT, ZNEhoiEiIcEE
gL 2ERfE®E, 2,3—diphenyl —5—thienyl—(2)—
tetrazolium chloride (STC) %50mg/l B2 AN
L7:5HY T RBREITo 72,

FIHRE LA 70T L — MERER RV, 2%
BEFRRIOBRBEER 2 ECZNENOREH 0.2 m!
EHKT T VITHEL TERBBS R FR L7z, SBRICH o
T, ¥4 McFarland#1 % (~ 3 X10' CFU/ml)
\ZFEE L7 M. tuberculosis B i3 1 % B 2R K12
TIOREARL, BERERE Lz, AR L ZHE#H0.02m/
FTOEZT ZMIZHEL, /NIFBETILERKEAT,
Middlebrook TH10 FEXE#HETIE 5 % COBEL 72,
Wb 2 ABOREEDER, BRBFOFELHEL, ®
BEDOT o BN VER/NERIBEE L MIC & L
725

LHBREA OREREIE OFLX, CPFX, BLFX i
0.06~4.0#g/ml, SPFX 1%0.03~2.0#g/ml, NFLX i&
0.25~16 #g/m{, CS—940 120.0156~1.0#g/ml TH 5,

& g

1. Bh 5iE8mK, STC FMICEL 3%

6HEENO =2 —F /0y EIZOWTHIE SN MIC
%, /MNIEE#E, Middlebrook EXRE L L U2 h
ZNOREEHIZ STC BEL RN L 2ROEMTHE L,
table 1 121, STC MO AB R, /NI HE L
Middlebrook FEXR#EHEECTHlE & 7z MIC % B L
TWwb, STCHEMOFEIZ DD ST, MIEEHED
MIC i3 Middlebrook XK & N, BVEM A
BEIN, 6~ 7 %OHE T/MIFEHED MIC A&
CHIEEN TS, 64% (STC #EFRM) ~68% (STC
) /NI #ETO MIC &<, £n50% Lk
32 ~ 458 MIC 7R L7z,

Table 2 Ti, F—D¥#TSTCHRMOEEIZLS
MIC ~DOEEBZBITLTV5, TXTOHOMIC X 1/4 ~
LIELIPNIZAAR LTV 525, WTRORERIZOWTD,
STC RIMDEEH THRIE & 7z MIC 2585 T/ W Em 2 7R
LTwW5h, STC#FEMLTWAnE#E LN, 25
W MIC #928.8% (/NII3E##:), 32.2% (Middlebrook
FREME) OFECHE SN,
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Table 1 Comparison between the MICs Determined with Ogawa and Middlebrook 7H10 Agar Media

Without STC

MIC ratio (MICogawa/ MIC7H10)

Fluoroquinolone 174 1/2 1 2 4 8 16
Ofloxacin 0 4 32 40 12 10 2
Ciprofloxacin 0 5 15 23 42 12 3
Sparfloxacin 0 5 32 44 13 3 3
Norfloxacin 0 4 19 50 21 6 0
Balofloxacin 0 5 31 35 12 12 5
CS-940 1 12 49 26 11 1 0
Total 1 35 178 218 111 44 13
(% ratio) (0.2) (5.8) (29.7) (86.3) (18.5) (7.3) (2.2
With STC
MIC ratio (MICogawa/MIC7H10)

Fluoroquinolone 1/4 1.2 1 2 4 8 16
Ofloxacin 0 4 24 48 12 8 4
Ciprofloxacin 0 2 20 32 31 13 2
Sparfloxacin 0 4 27 38 18 8 5
Norfloxacin 0 3 25 30 29 13 0
Balofloxacin 0 9 22 35 17 11 6
CS-940 1 17 34 25 15 6 2
Total 1 39 152 208 122 59 19
(% ratio) (0.2) (6.5) (25.3)  (34.7)  (20.3) (9.8) (3.2)

Table 2 Influence of STC on the MIC Determination with the Respective Culture Media

Ogawa media

MIC ratio (MICstc(+)/ MICsrc(-))

Fluoroquinolone 1/4 172 1 2 4
Ofloxacin 0 7 55 30 8
Ciprofloxacin 1 10 54 27 8
Sparfloxacin 0 5 63 22 10
Norfloxacin 0 5 52 31 12
Balofloxacin 0 8 52 31 9
CS-940 0 7 50 32 11
Total 1 42 326 173 58
(% ratio) (0.2) (7.0) (54.3) (28.8) (9.7)
Middlebrook 7H10 agar media
MIC ratio (MICstc(+) / MICsrc(-))
Fluoroquinolone 1/4 1/2 1 2 4
Ofloxacin 0 5 63 26 6
Ciprofloxacin 0 5 54 35 6
Sparfloxacin 0 11 61 25 3
Norfloxacin 0 16 39 41 4
Balofloxacin 0 11 49 34 6
CS-940 0 12 o4 32 2
Total 0 60 320 193 27
(% ratio) (0.0) (10.0) (53.3) (32.2) (4.5)
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Table 3 Correlation and Linear Equation between the MICs Determined
with the Respective Culture Media

Culture media (y)

. . . Middlebrook
Culture media (x) Ogawa  Ogawa with STC Middlebrook with STC
Ogawa y=0.92x + 0.52° y=0.79x — 0.90 y=0.79x — 0.56
Ogawa with STC 0.915° - y=0.75x — 1.22 y=0.75x — 0.89
Middlebrook 0.833 0.799 - y=0.91x + 0.29
Middlebrook with STC 0.847 0.812 0.927 -

Each linear equation® and correlation coefficient® were calculated on the basis of log: (MIC).

Table 4 MICs of Fluoroquinolones against Clinical Isolates of Mycobacterium tuberculosis

MIC (xg/mi) determined with Ogawa media ;

without STC with STC
Fluoroquinolone MICs MICw Range MIC s MICw Range
Ofloxacin 2.0 4.0 0.256~>4.0 2.0 >4.0 0.26~>4.0
Ciprofloxacin 2.0 4.0 0.256~>4.0 2.0 >4.0 0.5~>4.0
Sparfloxacin 0.5 2.0 0.06~>2.0 0.5 2.0 0.06~>2.0
Norfloxacin 16 >16 1.0~>16 16 >16 1.0~>16
Balofloxacin 1.0 4.0 0.1256~>4.0 2.0 4.0 0.125~>4.0
CS-940 0.25 0.5 0.03~>1.0 0.5 1.0 0.03~>1.0

MIC (pg/ml) determined with Middlebrook 7H10;

without STC with STC
Fluoroquinolone MICs MIC e Range MIC s MICoe Range
Ofloxacin 1.0 2.0 0.125~>4.0 1.0 2.0 0.25~>4.0
Ciprofloxacin 1.0 2.0 0.125~>4.0 1.0 2.0 0.25~>4.0
Sparfloxacin 0.25 1.0 <0.03~>2.0 0.25 0.5 0.06~>2.0
Norfloxacin 8.0 >16 0.5~>16 8.0 >16 1.0~>16
Balofloxacin 0.5 2.0 0.1256~>4.0 1.0 2.0 0.256~>4.0
CS-940 0.25 0.5 0.03~>1.0 0.25 0.5 0.06~>1.0

Table 312138 % 2 4 BEORBREHTHE I N
MIC HEOHMERE & —KEREFERE T LDOTV S,
AARREUI R R (UNIEEH vs /MRS #E/ STC &
fin, Middlebrook ZEXK:#l vs Middlebrook FEXRHEHh
/ STC i) ThEBMEWEERL, Z21€10.915,
0.927TTH o7z, FNFIOMAGLETH LN —XK
EHEFERIE, Middlebrook EXREHETD MIC 78,
NIEEHED MIC & HRETERWEEZRL, y—YK
WBEOME (—0.56~—1.22) &%hol, VT hok
HIZDOWTH STCIRIMOEE# T/ S iz MIC 25T
BWEBNZH Y, F0O y—YRIZENE (+0.52, +0.29)
R L7,

2. B-a—F/0 FICHT S MIC 9

Table 4 1214 RN R L L7z 6 #TD MIC 44

R ZFORBFEINCE EDTVD, LD S BRS
N7zE )12, TRTOEFNDWTONIBERES L ) &
WMIC 2/RL, F72, 8IZ/N)IEEmETIE STC DR
Mok > TEHITEL R B EAPBE SN,

Fig. QX FNZhOREREE T O ZFEH O MIC 2
BOoAfiERLTnb, REELA6FO=2—F o3
BEBLRIDOTINV—TIZKNTEIEDNTEL, »
FTHORBRFTETORLBATHEEL R T DA CS—
940 & SPFX T, MICs0, MICgo, I¥Z 1 €10.25~0.
5, 0.5~2.0pg/mlIicEHENz, FE2D7V—TIE B
LFX, OFLX, CPFX ® 3 #I¢, (CS-940, SPFX &
R4~ 8BV MIC 2/R L, MICs0, MICg (£
#10.5~2.0, 2.0~>4.0¢g/mlilH o7, NFLX i&
BE LR 2 TROMEHE MY, MCso
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Fig. Cumulative distributions of the MICs determined with the respective culture media against
clinical isolates of Mycobacterium tuberculosis.
@®-@ OFLX: e—e:CPFX; A—A:SPFX; A—A:NFLX; —@:BLFX; O—:C5—9%40

(a) MICs determined with Ogawa media.

(¢) MICs determined with Middlebrook 7TH10 agar media.

(b) As (a), but media supplemented with STC. (d) As (c), but media supplemented with STC.

b 8.0~16xg/mil, MICgo iZillEIRD LIH % B 2 7
(>l6#g/ml)o
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SRObIbhOMEE, FF=2—F/ 0V RNR
BAMH LTS in vitro RIS RER L BN IR
HTHILIRANDBNDDH L, T TREZTHRER
XN T &7- Rifampicin, Isoniazid % & OHAEEHNL,
BE\Z B4R O BIAREER A © /N1 | 55 1 C o) SRBRIER IR BE A3k
E XN, Middlebrook THI0 FEXEH T H ERE R &
HEifEd 72852 L ML 2oTWAE", LA L/
JEEH Tl EF ORI X o TR & 20, RIE
DORENPKECELRY, AVWLIEHOBEHICL-T
MIC ZEBLTL %Y, LIzdoT, —a—F /0%
OHEENE (MIC) 2MET 2826, I THMIZX
LERPEOBREBRINLOPHERTILENH S,
bivbho#E Tix, Middlebrook TH10 FEXE; #h &
A, ANIBEHTESNS MIC 12 ~ 4 R WEL R
Lo 2O EiE, =a—F/ v rEIonTH/MIIE

Wi TIRETOEFOWED B \VIERFEIRT LNV
CEERRBLTVS,
BTS20 aE, STC #EMmIcmmT 5 HEE
TH MIC EETEWEER LA, AJIEEH, Middle-
brook EFXEH, VFTNIZOVWTH I DEAIBE L
NTW3, TTCHELZbUDbIOEEY” Td, [
CBSDSHERENTEY, STCHRMIZ L > THE MK
BICERTLIELD, Y VALK LZE I = —
ODBBENRKS LY, Z00 STCERMTIERES
NTVAMINEREEEERIIL B EEZ 5N D,
SEBE L= 2—F a v EO—IZoVTIE, W
A 5 MIC HIE A HRE SN TV, KETOK
O & MICo THEIT A &, SPFX 2 b BWHLHE
WEHEERL, 0.25¢g/ml, R\TOFLX, CPFX ®1.0
pg/ml, NFLX 08.0¢g/mlThY, SHObN bR
DOFEE BT E 2 ~ 4 EFRVWESRES LTV,
S, TTICALD = 2 —% ) O vENEER TS
FHENLIIICE->TWAEZ L, F-FEbLLAD
fEH L7 Bk SSRGS OB EO S 2 BEHEKO b D
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PEEINTVLZLIZERMNRO SN B DERbNS,
SEFHICEM L 2R D=2 —F 0%, BLFX,
CS—940 Tid, ¥FI2 CS—940 T M. tuberculosis \Zxt
THECTEEEIR &N, TD MIC 313X SPFX
LF%ETHY, MICso/ MICg0 13 0.25~0.5/0.5~1.0
pg/mUIZEHE S Nz, CS—940 13, —#MHE I DV T
b OFLX, CPFX L R&0HMEESEL b2 & &h,
1277 AGHERE, REBREEEICER L STns Y,
M. tuberculosis xR & L7 EEMEEIE OB IZ b
NONOMENRTH Y, 5%, BRELHNRE L
A7 SR VN St (I

FTTIZINE TORKBER2S, —a—F/0 D
BRIEE, F-ROMPEEOMET 2 BE TR, %58
Niz=a—%/ 0y Id 2MEEREHICHE LT
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MzZERI5E, BET, FREOD 2 EHRZERE
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VNS OREEMICBILRETKS2EEE, STC 2R
L7552 VT, BRIRSGBERR M. tuberculosis 1008k
THO=a—F /0%, 6FlOMIC 2 HlEL,
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T OFLX, CPFX, BLFX » 3 ##l4%, SPFX, CS—
940 L X, 4 ~ 8\ MIC #/R L7z, NFLX 3%
HLAEROPCTROPEEEIE D, ZLALOBEK
» MIC 148.0 pg/ml Bl LT o 72,

Pk, in vitro THIE SNz MIC OH5HEH»HTHE,
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