Tosufloxacin @ in vitro HL Chlamydia trachomatis &M
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Chlamydia trachomatis D/UW-3/Cx BkiZx 9 % tosufloxacin (TFLX) @ in vitro ¥17 5 I ¥ Tk
PEIZOWT 7 7 I V7 OAEGRO KRNI BT 2 HREH 2, HARKR, HAGKNOS 73 VTR 1%
BB L O RRYMR T-5 % F8RE 1M L 72 HeLa 229 #lIC C. trachomatis D/UW-3/Cx ¥k % &4 &
&, Gtk 0~6 R, 6~12R, 24~30 REf 12 TFLX & % \» I ofloxacin (OFLX) % 13 X 0'3
ug/mLEH &¥7:, %8B, TFLX B L OFLX O C. trachomatis D/UW-3/Cx \Zx3 % MIC 3B D
B?0.125, BL0.5ug/mL THo7z, TFLX 5\ ik OFLX % 3 ug/mLEH S 872356, HHHE
W (control) x93 2 H AAKBDIIFIZ, Gtk 0~6 i o TFLX /£ # Tl 43.4%, OFLX
VEHITETIE 983.6% Tdh o 720 Gtk 6~12 > TFLX /EHRETIE 7.0% 12, OFLX {EHBETIL 33.5
Yo\ L Tzo EGeth 24~30 RER] O M SEAIMEM B Tl V31D control & DERIIAD NG h o7z,
HH 3 ug/mLIEHKED, HAKNZ 73 Y TR FEER, K4k 0~6 KH o TFLX fEHHE CIZKT
L7:%%, OFLX fEHHE CIMK T 2330 b N dp o 720 G 6~12 Kifi 35 X UF 24~30 FFRT o ) HE 5411
RTINS EEIMET L7z 35 3 ug/mL 1ERIED, control 2R3 4 BYeMER T o L 3id,
EGet% 0~6 REf o TFLX fEF#ETIE 8.6% 1294 L, OFLXERBETIZMA Lo oo Gt 6~
12 I > TFLX fEARETIX 0.7% 12, OFLX fEHRETIZ 15.1% 12084 L, etk 24~30 K¢ o TFLX
TERRETIE 1.1% (2, OFLXEM#ETIX 9.2% 12384 L 720 1 ug/mLEM RO A K, HAKND
7 I ITVTHRTEED X OB T B, mEEFE 12 3ug/mLEMARELIZIZEETH D, RINE
BIZX A EITRO LN o7, TFLX IZEEZOWTNORMTH OFLX L D iEWwiiy 7 I V7
HERL, ZOHEIPALITIE RV, —BYIZF o v REFDPEM L v & SN B ERNMEDI
HNCAH Y3 5 et 0~6 BEREIITEICB Wb Ity T I U7l 2 /R L7,
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P REARERSR, b5 a—<, REMSREYYE, HiER
Wit EDRNBE L LTHONTWDY, ZOAEGE I3
THY, EEBEOMYNC X o TEANHT 2 EZED R4 5
ZEPHMEISNTVE?, =2 —F /) 1 v FD tosufloxacin
(TFLX) 37 7 2w, BHERBLI 7 7I I 7120 L
THRA VIR AR PV EBOWREEE 2 AT 2HETH
DY, BIERIRAE LCRRBFRTH D, TNFTTFLX D in
vitro BT BP0 C. trachomatis TEHEIZDWTIX, RS BE
¥EEDTMIC HIEN SN TV B9, FHIREE O 3y B
ZRE LS % R ME I S e 223 8 0fiwilE e, 75
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THIGERO LN B 2 HWIEA %, 18 Tl HeLa 229
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HH A S0, HAKK, BAGRNOZ 7 IV T7H
THEB X OGN T8 2 FREICHE L7z,
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UW-3/Cx B L INKHAREEE ) S A L 72 HeLa 229 A
oz L7z

2. EHEEA

MIC #7121, TFLX i3 & lfb2: LM S E
WFZEAT M E 7z d D& Hvy, ofloxacin (OFLX) (&
WA (Sigma) %7z, WAL 0.1 mol/L NaOH
T L, BREHEASR CTIrE ORI L THW,

7 7 3V THERRO RN BT 2 PUR1EH O I
i, TFIX i St TEBA S TER L &
tosufloxacin—tosylate % IR IZ 8 L 72 TN-3262 a
(TFLX 2,040 ug/mL) % v, OFLX i ZIR%AICTH
5% 1) ¥y F® (BR#EIHE, OFLX 3,000 ug/mL) #H
Wiz TSR G B AR TR E OIRBE A L TH
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2) ANEBROZREHNC BT B HREH O K

(1) 79 3IV7 OB L UK

77377 DREEIHMUFREERZD 7 7 I VTR
ZHWEFTICHE CERE L 72, BE 15mm O HN—F
T AR ANTIZ24 Y 2 VRIS EM T I AF v 7 7L —
FD&Y £ WVIZ 2.0%x10° cells/mL @ HeLa 229 i/l %
&t 8% BIEML IR (FBS, Bio whittaker) JlI
Minimum Essential Medium Eagle (E’ MEM, Sigma)
(UMM fE I EE ) % 1mL $25¥EL, 37C, 5%
CO, T C—HpRsa L7z, M2 WoIbRER, £V x
)V 124x10* inclusion forming wunit (IFU)/mL iZ
sucrose—phosphate—glutamic acid medium (SPG:
sucrose 37.5g, KH.PO. 0.26 g, Na.HPO, - 12 H.O
1.538 g, glutamic acid 0.36 g, streptomycin sulfate 50
mg, ZEAKB00mL) THML722 53V 7 REBH %
0.25 mL #:AH L, i T1EME.OB®AE (700xg,
KUBOTA 5700) S¥7z, LiEZWEIREE, 1ug/mL
cycloheximide & {01 L 7= Mifai& i A sE 1 (DL, 1&g
HEH) &7 2 ViZ1ImL$2%ML7. 29397
WA B (0 REH), 6K, 24 MR OR RTH 3
WE bR, ML 7235 F 2213 3EH R EE (control)
W& R % 1mL 2% M L 37C, 5% CO. F
TR L7720 &7 o VAL 72365 £ 7213 G 5 1
DN 6 KEF (12 B MEM 1 mL T 3 [Pk LKA 5
W1lmL I CEHR LR, 29 3IY7WE OKRH) L)
60 R f% ¥ TR L 720 BHEAEMSEMICOE 47 =
WEOMEREL, 17 2 VIEEFAFEEOFHN, 17 =
BEHARNZ 7 IV THFEEOHEL, K)2Y <
ARG B O E I W 72,

A0-6h
100 -

60 -

% of controls
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TFLX OFLX

TFLX: tosufloxacin, OFLX: ofloxacin

Fig. 1.
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(2) HAEEDFHM

BRI CEHARB ORI 1T - 720 R %
BB LM% 95% =% J —V/5% T+ + Y2 CHl
T8, 793IVT7 P a~xFAMEHF Y  MicroTrak
(Syva) TH:AL %7V HOGEMEE (BHS (OLYMPUS),
# S HOLE E BH 2-RFK (OLYMPUS) )T 200 fi5 TH
AMEERBE L 17 2D & 22 FTOEAE 4 mm D
MRS 2 B AREZFHI L 72,

(8) BWAKNZ 5 IV THFEEOHE
FAFGMETHAKN S 5 I VTR T EEDOHEZ
1o 7z BHEHEPUARBICHE CHEE L leE, 214 -
7)) 2 7)) FEEIC T34 M4t L phosphate—
buffered saline (PBS(—)) TP L7z, 30 fEAMRE
AR T 15 gt tk, PBS(—) THEEEAKDE
CBEL LSV LB ABTAS A I AZH AL,
BAMEE T, R 400 5 CTHEH AN Z B4 L, control
DOE AKPR T HBE 2 RIS HBNOTRToOH A
RIZDOWTAIRHE L 72

(4)  BIMERTEOME

Yield-ELISA % TG FH O W E % 17 - 720 M
fa% — 80T THUM - BlfF LRGPk Tl g ¥~
TIE L7z, 967 = VISR 79 AF v 7 7L —
PO £IVIZ 2.0%10° cells/mL @ HeLa 229 iz
G BE %2 01mL 924 L, 37C, 5%
CO, T T8 L7z, Bz Wylbrifk, £7 >
WAZ EFEH ¥ 70 % G IR S TEBE AR (it >~
TN1 Tz b 2R5)) L72il% 50 ul 304 L
SIS T 1RO (700X g) 872, Mm%
KDL 72O EZ BGAMOH S D% 7 7 IV TH
WCTAT o720 R ZWGIBRZE, EEHR % 100 uL

C 24-30h

_
%
%
-

OFLX TFLX OFLX

Inhibitory effect of tosufloxacin (TFLX) and ofloxacin (OFLX) on the production of chlamydial inclusions.

Chlamydia trachomatis was inoculated on HeLa 229 cells. TFLX or OFLX was added to infected cells to give a final
concentrations of 1 ((J) or 3 (/) ug/mLat (A) 0h, (B) 6h,or (C) 24 h after inoculation of C. trachomatis, and
incubation was continued for 6 h with drugs. The number of chlamydial inclusion was counted by immunofluorescence
staining at 60 h after inoculation of C. trachomatis. Controls were inoculated by the same method without the drug.

The vertical axis of Fig. 1 indicates the ratio to controls.
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Fig. 2. Chlamydial inclusions detected by immunofluores-
cence staining. Hela 229 cells cultured for 60 h after
infection with Chlamydia trachomatis.

(©) (d)

Fig. 3. Chlamydial inclusions detected by immunofluores-
cence staining. Hela 229 cells infected with Chlamydia
trachomatis and treated with 1 and 3 ug/mL tosuflox-
acin (a,b) or 1and 3 ug/mL ofloxacin (c,d) from 0 to
6 h after infection.

FTOWML 720 60 REIET A5, Rra8i 2 ok LAl
f%95% % ) —=)V/5% 7+ b IZCTHEHEL 7
ELISA 1% Tatarowicz & O 50 2 o2 LFEHi L 72,
B E W &2 BB R g™ = V%2 iR (0.5% 2-1is 7
V7 3 ¥, 0.05% Tween 20 il PBS(—)) 12 T#kE L,
10% Y ¥ 1 it PBS (=) T 3,000 fi5 % B L 72 bt C.
trachomatis—7 ¥ ¥k (r 3 a3 ) 250uL T2
MU7Zz. 37C, 1HBA v Fanx—3 3 Ui, BRIEHRIC
TG L 10% Y FiLiE i PBS(—) T 1,000 f5A R L
72H07 ¥ IgG—Y ¥ UMK peroxidase ik (FIEHSE)
% 50 uL T OWRM L 720 37C, 2HEM A ¥ F 2=
3 v, WEERIC TP L %t 5 o—phenylenedia-
mine dihydrochloride % #&f# i (0.1 mol/L citric acid,
0.2mol/L Na,HPO, (pH5.0)) 2T 2 mg/mL |2 ¥f#
L, MELAKFEKEHIRIE 0.034% HIML 725 O % 100
uL oMM L 720 5 47 HFs %, 1 mol/L H.SO, % 100
LML TG 2R sE, x4 27a7L—Fr)—%
— (InterMed, NJ-2300) 2T 490 nm @ W Y65 %

(c) (d)

Fig. 4. Chlamydial inclusions detected by immunofluores-
cence staining. Hela 229 cells infected with Chlamydia
trachomatis and treated with 1 and 3 ug/mL tosuflox-
acin (a,b) or1and 3 ug/mL ofloxacin (c,d) from 6 to
12 h after infection.
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1. MIC

TFLX B £ OF OFLX @ C. trachomatis D/UW-3/Cx
W35 MIC IEBDB? 0.125, 8L 0.5ug/mL T
Ho7zs

2. EWEROLINCB T 2 PUHETEH O i

1) SEHIEEE O3 AR

77 I VTG 0~6 R, 6~12 KRB X UF 24~
30 I [ 3L H 16 I o B AKEL D control 124083 %
% Fig. 112, HAK oLk % % Figs. 2~5 12
Yo YR 0~6 M IC 1B £ U3 ug/mL ® TFLX
FEM S ¥ 54 (Fig 1-A), #AKKIZhZh
control (Fig.2) @ 30.5%, 43.4% T& V) (Fig.3-a,b),
OFLX fEH#E Tl Z 1L Z 4 control & HHML L 72 TH -
72 (Fig. 3—c,d)o [&HYeth 6~12 BERIEHIRE (Fig. 1-B)
Tl&, TFLX 18 & U3 u g/mLAEHBEOF AREIZ ZhEh
control @ 5.3%, 7.0% T# Y (Fig.4-a,b), OFLX %

(c) (d)

Fig. 5. Chlamydial inclusions detected by immunofluores-
cence staining. Hela 229 cells infected with Chlamydia
trachomatis and treated with 1 and 3 ug/mL tosuflox-
acin (a,b) or 1 and 3 ug/mL ofloxacin (c,d) from 24
to 30 h after infection.

H#ETIEZF N ZN control D 39.9%, 33.5% TH - 7z
(Fig. 4—c,d) o J&Geth 24~30 BEEEH (Fig. 1-C) T
13, TFLX 8 £ OF OFLX® 1 B X U 3 ug/mL 1 EE D3
AMEEUTZFNZE I control & IFIZFAMETH - 72 (Fig. 5)o

2) HAKHNZ I IV THTEE

77 I VTG 0~6 ], 6~12 KB X UF 24~
30 REHIEHIE IR OB AMRNFD 7 7 3 ¥ 7R H R
% Table 112, FAWHME%E Figs. 6~9 IIRT, A
TERBEOB AKRNREBISR L 2L A7 I VTR TH
JEIZE WD R 517z, Control (Fig. 6) D% & % ik
WCEAEHBEOHAKD 7 5 I V7R TEEZHE L.
ZORAE, BYEHO~6KEHIZ1B X U3ug/mL o
TFLX #7286, 79 I VTR THEEIIKTL
7z (Fig. 7-a,b) 7%, OFLX{EMM TR TR0 5N

Table 1. Chlamydial cell density in chlamydial inclusions
after treatment of tosufloxacin and ofloxacin

Period for exposure of quinolone after infection

Treatment
0-6h 6-12h 24-30 h
TFLX 1 pg/mL 58.3" 33.3 7.6
3 ug/mL 48.6 21.1 7.4
OFLX 1 pg/mL 91.2 77.6 60.6
3 ug/mL 90.2 71.0 51.5

The number of chlamydial inclusions was counted by Giemsa
staining.
*Percent of chlamydial inclusions: Each figure indicates percent
of chlamydial inclusions in 5 fields with equal density to
controls.
TFLX: tosufloxacin, OFLX: ofloxacin

Fig. 6. Chlamydial inclusions detected by Giemsa stain-
ing. Hela 229 cells cultured for 60 h after infection
with Chlamydia trachomatis.
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miroiz (Fig. T-c,d)o B4tk 6~12 W (Fig.8) B
X 1°24~30 Ki R (Fig. 9) 12 TFLX & & " OFLX % 1k
M Ee72a, WEEAERTETY 7 3 Y TR FHEIRK
TUL7&o F72, WM E L TFLXEHBETI SITVT
BT HEDILT L2 R AT 2o 720

(3)  FEHIVEHIIE O &G MR T2

79 3 VTG 0~6 I, 6~12 R B L U 24~
30 Iy [H] 5 4 1 H IKg 0 J& G R F- 2L @ control (249 %
W% Fig. 10 12/R T BGH0~6FMIC 1B X U3
ug/mL O TFLX #{EH &8 72304, gk 7 Bix %
NZFMN control D 7.8%, 3.6% TH Y, OFLXEHHET
& N2 N control D 87.1%, 126.1% TdH - 7z (Fig.
10-A) o e th 6~12 FEfHIC 1 3B X 0¥ 3 ug/mL » TFLX
VR S &2 A, BN T3 E 21 control @
1.3%, 0.7% T3 ), OFLX {Efi# Tl ZF N Z N control
? 10.4%, 15.1% T& - 7z (Fig. 10-B), &Y 1% 24~
30 MFRICH AN & 1B X O3 ug/mLIEH S ¥4,
TFLX fEH#ECTIEZ 21 control D 1.2%, 1.1% T

) ' @

", OFLX1EM ¥ Tl # N #F1 control D 14.7%, 9.2
%TdH-7: (Fig. 10-C),
Im. = =

S OEBIGEHERAD L RO A TH 595, TFLX &
OFLX ® MIC & i#8 2 12 e i & L7z B R 47 8 vk @
MIC" L IZIF L Tz, 79 3 VT AMBRO &R
IS B 2P ER O BICH W -3 A R E X, C.
trachomatis \ZHTH 5 OFLX IRk B SRKHO L b
FEIENIREY 2 B F 38 L72o OFLX IR I3 5%
4 ¢ T 1.72 ug/mL, 6 T0.51ug/mLTdH 5
ES, VEHEE® 1ug/mL & #0340 3 ug/mL (2
HE LT

79 3V T OEERIE, BEMEE T 2 AMCHNG X
RGIEA/ME L M 70 VAT BEYE 2 A B MR
O, 2HHOWHBOLMBE AR KT, ¥ /1 v R¥E
FIMEDO Y ¥ A L—R, PRAVAT—=¥NIEAL
PRERZRTIEPMONTEL?, 753V 7I1xt
L C Mk 5 28N E 5 2 LA ST

(c) (d)

Fig. 8. Chlamydial inclusions detected by Giemsa stain-
ing. Hela 229 cells infected with Chlamydia trachoma-
tis and treated with 1 and 3 ug/mL tosufloxacin (a, b)
or 1 and 3 ug/mL ofloxacin (¢, d) from 6 to 12 h after in-
fection.

Fig. 7. Chlamydial inclusions detected by Giemsa stain-
ing. Hela 229 cells infected with Chlamydia trachoma-
tis and treated with 1 and 3 ug/mL tosufloxacin (a, b)
or 1 and 3 ug/mL ofloxacin (c,d) from O to 6 h after in-
fection.
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WA, SEOFEEIZE VTS TFLX B & OF OFLX &
b ICHIBRR D 5 B FE W AH Y 5 5 & Ge 5 6~12 K¢
B LU 24~30 B DIEH THAKHND Y 7 3 V7 H ¥
B & B TR R WA S ¢, 5T OFERIC
BT, RBHEEARVWC 25 % 7 1 v R¥EHIDME
HLZRWEEZ SN IEANMEOFHIITH Y 5 etk
0~6 FFRISEHIMEH T b TFLX \ISH52 T 3 ¥ 7l A&
bilze TOERBED XS HEMIZE LD IEHS
NPT WA, C. trachomatis LTI\ H 5 W I
DA T N7z TFLX A3 RN AEH L 72w se Pk <,
AN PR 2228 M N CHERE S 7z b 32 7 TFLX
DRIV L 7T RetE, & 2 WIdBEEIE S A
WCEN TR WOHRRIRR 2 LI/ 50 5 X9 2kl
ORHE 2z W3 AEHYH C. trachomatis THFI L
TR E 2 b5 b,

F 72, RYef% 24~30 BRI o T R VE I #E Tl HO6HT
33T control & LD AKDSEE I N2A, Th
FHOLHUAE TIREARMBEN A L Ty 73 Y
TRy YR TSN 720 ER bR, Z
NODORNS, $TIZZ 7 IV THEPER SN2
DYy 7 I TV TIENE RS 7291213 Yield-ELISA {2
L DGR T OWMEDSHNTH D EHEZ BTz,

ARWFZE CTIEGA MM & 5 B2 L Yield-ELISA i
(2 & B Ge ok 7 80l @2 ©, TFLX & OFLX O HUW 1
HaEBE L7z, BTHMEEICL B8 2ToTCnin/z
) B, 77 ITVTOWKER, Wl aEEOZ LIRS
Fig.9. Chlamydial inclusions detected by Giemsa stain- NCTwiwds, S0l in vitro ICBWT TFLX 28 C. tra-

ing. Hela 229 cells infected with Chlamydia trachoma- chomatis 2% LAEEBROWTNOBWNICO/EH 2R
tis and treated with 1 anfi 3 ug/mL tosufloxacin (a,b) S RBDT BT R LIZ C WIEEI O C.
?;fici;(if ug/mL ofloxacin (c,d) from 24 to 30 h after trachomatis \=3t4 B IS AS R b L7 = b 1 BIREE <

SHIOBHEWALPICT L EEHIT, 2~3HB L E

A0-6h C 24-30h

15 -
12}
r
E
g 10 3
[
=]
=

5 F -

0 \ [ w7 |

TFLX OFLX TFLX OFLX TFLX OFLX

TFLX: tosufloxacin, OFLX: ofloxacin

Fig. 10. Number of infectious chlamydia after treatment of tosufloxacin (TFLX) and ofloxacin (OFLX).
Chlamydia trachomatis was inoculated on HeLa 229 cells. TFLX or OFLX was added to infected cells to give a final
concentrations of 1 ((J) or 3 (/) ug/mLat (A) Oh, (B) 6h,or (C) 24 h after inoculation of C. trachomatis, and
incubation was continued for 6 h with drugs. The number of infectious chlamydial cells was measured by Yield-ELISA
at 60 h after inoculation of C. trachomatis. Controls were inoculated by the same method without the drug. The verti-
cal axis of Fig. 10 indicates the ratio to controls.
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Antichlamydial activity of tosufloxacin in each stage of the chlamydial life cycle

Naoko Futakuchi, Harumi Hisada, Masahiro Takahata
and Shinzaburo Minami

Research Laboratories, Toyama Chemical Co. Ltd., 2-4—1 Shimookui, Toyama 930-8508, Japan

We compared the in vitro activity of tosufloxacin (TFLX) against Chlamydia trachomatis D/UW-3/Cx
to that of ofloxacin (OFLX). Antichlamydial activity of the drugs was evaluated by the counting of the
number of chlamydial inclusions, observation of the density of chlamydial cells in chlamydial inclusions,
and measurement of the number of infectious chlamydial cells. Infected HeLa 229 cells were exposed to 1
and 3 ug/mL of TFLX and OFLX at 0-6, 6-12, and 24-30 h after inoculation of C.trachomatis D/UW-3/
Cx. The 0-6 h exposure to 3 ug/mL of TFLX and OFLX reduced the number of chlamydial inclusions to
43.4% and 93.6% of controls. The 6-12 h exposure to 3 ug/mL of TFLX and OFLX reduced the number of
chlamydial inclusions to 7.0% and 33.5% of controls. The 24-30 h exposure to 3 ug/mL of TFLX and OFLX
did not reduce the number of chlamydial inclusions. The 0—6 h exposure to TFLX reduced the density of
chlamydial cells in chlamydial inclusions but the 0—6 h exposure to OFLX did not. The 6-12 and 24-30 h
exposure to TFLX and OFLX reduced the density of chlamydial cells in chlamydial inclusions. The 0-6 h
exposure to 3 ug/mL of TFLX reduced the number of infectious chlamydial cells to 3.6% of controls but the
0-6 h exposure to OFLX did not. The 6-12 h exposure to 3 ug/mL of TFLX and OFLX reduced the number
of infectious chlamydial cells to 0.7% and 15.1% of controls. The 24-30 h exposure to 3 ug/mL of TFLX and
OFLX reduced the number of infectious chlamydial cells to 1.1% and 9.2% of controls. The inhibitory effect
of 1 ug/mL of TFLX and OFLX on the growth of chlamydia was equal to that of 3 ug/mL of TFLX and
OFLX. In conclusion, the in vitro antichlamydial activity of TFLX was superior to that of OFLX in each
period of the chlamydial life cycle.



