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1. B &%

B R 5> Bl DRI 23 KK T H B Pseudomonas — aer-

uginosa S-827 tk% > 7z,
2. EHB XLURE
Tosufloxacin # & OF erythromycin (TFLX 8 & U°

EM, EL1{t% T %), ciprofloxacin (CPFX, /¢4
V¥, ceftazidime (CAZ, A&/ 77V) BX
Uf clarithromycin (CAM, KIF#43E) @B L 1
HSEBHL TS >N 3HEREF £ L T lysozyme,
hyaluronidase (type I-S), protease (typelV) B &
U streptokinase (V>34 4 Sigma) %R L 72,

3. MIC #ili¢

BAVEEHIERE L, OFXCEFEESEERC
ELWERFIRGRED L UBEFRECTRHEL 12
Thbb, BEFAEFEIZABRE% Mueller Hinton
broth (MHB, Difco) T—®&E&H L, BT 10*
CFU/ml £ 22 L5 /&R, ZOFREHK4.5ml
E2EHRAYOEKO0.5ml #BEL, 37°C, 18K
M E LARNCBY ORdbohnir-1-BE%
MIC & L 7,

4. NAF 74N LAOERIS

WAA 74 VLDERFER Fig. 11C/RLTz, T
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L, SHBREKCT2ERG LK, 20EEK%0.2
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BT RA2-4-1
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inoculated intd brain heart infusion broth

37°C, 18 h culture

aer

cell suspension

Q) 5,000 X g, 10 min

ppt.

wash with saline twice
Q) 5,000 X g, 10 min

ppt.

suspend with saline and
0.2 % glucose

cell suspension

10 X 10 mm Teflon sheet
37°C, 7days

sessile cell floating cell

Fig.1. Method of biofilm formation.
H#, 20770y —bMIfIBELIbDENNA AT
4 WAFCEE (sessile cell) & L, {f&€FICHEBT
WWEEL Twicb D% F#EHE (floating cell) & L
720

5. FEBETFHEMSBIC X 268

BB LLETF 70 vy — M52 15% TNV —LT
LMTEF (RDEHE) BLU 1% R 3 VLB (FIX
W¥E) CTEEL, T8/ —NVICTHIARE, E3IRTF
VTN — (FIXME) cERLERL-EAES
AEL, HUEENEFEMBX-650 1 THEL
720

6. HEANES >y OREBIE

BRET7T70ry— N 2EMEETIHAKRBLUS
H# o floating cell & sessile cell ¥ #8351 TRER:
%, 20 FET2% L3 v (Sigma) MEL 77,
Z0%, 10 AXg T BRELETZOUEY
HNES 7L L, 10% SDS-PAGE 2 & 2 EXkE)
THBERY — > OFEREE LTz,

7. Sessile cell N T 2HEFB L UEHEEESH
R OREEA

FROFETHERLINAFT T ANVLDHE LT
7ary— b ESUEKRIC, BEEKD SV IIMEREFE
BErBEEASGDOETHML, BEHYICZDT 70
Y- MIBELLEEREBEARENT v 7 A TIEL
L, EFlxE R WERER ECEEKL, FRBOE
fbEA~T.

8. BrothHuc i+ 2 P aeruginosa S 827 Bz xt
3% TFLX & EM Ot HR#K

2% % Brain Heart Infusion broth (BHIB,
Difco) T—A % L, #7itF BHIB i #7 10'CFU/ml
ERB LML, 3TCT 2 ML SR L otk
R WML 72. & D, FRIRFHIC LRBE NE LK
Fl OB =~ 1,

II. % B #% R

1. P aeruginosa S-827 Bk xt 3 5 B K DHUK
H

P. aeruginosa S-827 #kicxt4 % TFLX, CPFX,
CAZ, EM 8 L U*CAM o MIC # Table 1 iU 72,
ZORR, Y LTizF 2 o v Fl 2 Fo MIC 33
0.2ug/ml EEELENPIRSIERL, CAZI36.25
ug/ml TH -1, EM B L UFCAM i T h £ 41 400
pg/ml 8 X U100 pg/ml EFE T IEFTH - 72e 72
¥t T MIC & @asztit ¢ o MIC i, TFLX,
CPFX, CAZB XU CAM TlRILTHH, EM TI3H
g To MIC 3R EToEn &Y b 18 LA
L7

2. EFEMEIC L S sessile cell DB

FkEm s HEB LU 10 Ak T 7oy — b |-
DHEDOEBEHE FBEMSEMGR % Fig. 21onLli,. £h
Wk 2E, 5SHETEEOMICESEL L HERY
HT®H 5 glycocalyx #38%, 10 HH T & 235 %
INAF T 4 WLEFRL T LROBBER SN, 12
B EmME, TS5 0HEETONA 4 74 VAR
WIEEAEFEREZEDON o (T—FXKFE
£)o

3. HMEEADNRY -~

B 3 HE B &L UF 8 HE O floating cell 8 & U
sessile cell DAE/ Sy — 2, ZREFH SN h
- 7: (Fig. 3),

Table 1. Susceptibilities of antimicrobial agents on
agar plate and in broth against Pseudomonas
aeruginosa S-827

MIC (ug/ml)
Drug
on agar plate® in broth®
Tosufloxacin 0.2 0.2
Ciprofloxacin 0.2 0.2
Ceftazidime 6.25 6.25
Erythromycin 400 860
Clarithromycin 100 100
®10® CFU/ml ©10* CFU/ml
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Fig. . Scanning electron microscopy of Dsewdomonas werigi-
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Fig. 3. Outer membrane profile of sessile and
floating cells of Pseudomonas aeruginosa S-
827. Lanes: A, S-827; B, 5-827 sessile cell (8
days); C, S-827 floating cell (3 days);D,
molecular size standards were Cytochrome ¢
hexamer (74.4 KDa), Cytochrome c tetramer
(49.6 KDa), Cytochrome c¢ trimer (37.2
KDa), and Cytochrome ¢ dimer (24.4 KDa);
E, S-827 sessile cell (3 days): F, S-827 float-
ing cell (3 days).

4. Floating cell B X Uf sessile cell 12343 2% 3EH&|
DREER

Floating cell & % \» {¥ sessile cell iZ Xf 3 %
TFLX, CPFX B X U CAZ O#%W{ER %, Fig. 41z
RL T, RAERRER, 3EA L LBEEERTO

Fig. 4. Bactericidal activity of quinolones and
ceftazidime against ’scirdomonas aeruginosa
S - 827 (A) floating cells and (B) sessile
cells in saline and 0.2% glucose. Symbols:
(=), control; (0), tosufloxacin 0.2 ug/ml;
(®), ciprofloxacin 0.2 ug/ml; (a), ceft-
azidime 6.25 p¢g/ml.

IMICH#E L L/, Floating cell icxfLTF /o>
Al 2RIEHICEN L RE SRR L, ERlEm 3 M
T, MEFLEELE 1,000 50 1 LT THIE
L7z, ZHEH U CAZ B> ERFBEEL &
Aol £, sessile celliclL T /70>
#l 2 BlofFZELNE 2, floating cell e L TEDLE S
LOD, WHULDEEROBYBE DN, Lk
L, CAZ ixfloating cell izff L T EEHEE - 724 W
BERE LT,

5. TFLX t%EEEH LIV I REZ L
OHFEBEIR

0.2 xg/ml ® TFLX ¥, 0.125 mg/ml @ lysozy-
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me, hyaluronidase, protease ¥ & Uf streptokinase 4
RID5fRBES & O sessile  cell w4 2 Bt FHRIE %,
Table2 IZ/RL7ce ML 2 &, LTHDOSERER
EHALHECB LTS TFLX B8 E & D
B EE L, HAMRRED S » -1,

6. Sessile cell izxt4 23 TFLX, CPFX & & ¥
CAZ £ EM : OftE¥R

1) RFERZE

TFLX 8 X *CPFX 0.2 ug/ml & EM 200 xg/ml

i, BIBTIREENIRFO I bbb o3, &2 &
43 Eic&n, MEEHEML 7 RHE THL VI
FRHBED SN, CAZICBWTIE, EM D))
ER D Sk mo 7T (Fig. 5o

2) REHNEL

AlflhiE=E®L, EMB8LUCAM OBE% 1
ug/ml £ L7z & &®, TFLX & O TER 2R L
2o FOERE, TFLX 0.2ug/ml & EM & 2% i3
CAM 1 ug/ml &2 BB TIZRHEICEH L 2vic b

Table 2. Activity of tosufloxacin combined with mucolytic enzymes
against Pseudomonas aeruginosa S-827 sessile cells

Log. of viable cells (5 h. after inoculation)

Mucolytic enzyme

tosufloxacin (0.2 gg/ml)

tosufloxacin (0.2 gg/ml)

and mucolytic enzyme alone
Lysozyme
(0.125 mg/ml) 4.50 4.34
Hyaluronidase 415 447
(0.125 mg/ml) ’ ’
Protease 4.20 415
(0.125 mg/ml) ’ ’
Streptokinase 4,20 474
(0.125 mg/ml) ! ’
(A) Tosufloxacin (B) Ciprofloxacin (C) Ceftazidime
6 6+
] 2 2
T . z 3 5@
L < 2
24 s | 4
> > >
~5 3 "5 “5 3+
® ¥ §
=2 — — oL
1. A A ; d —— e
Y13 s 7 1 3 5 7 1 3 5 7
Time (h) Time (h) Time (h)
Fig.5. Bactericidal activity of (A) tosufloxacin, (B)

ciprofloxacin, and (C) ceftazidime combined with eryth-
romycin against Pseudomonas aeruginosa S-827 sessile
cells in saline and 0.2% glucose. Symbols: (A): (=), con-
trol; (O), tosufloxacin 0.2 ug/ml; (a), erythromycin 200
ug/ml; (@), tosufloxacin 0.2 xg/ml and erythromycin 200
ug/ml. (B): (=), control; (0), ciprofloxacin 0.2 xg/ml;
(a), erythromycin 200 xg/ml; (®), ciprofloxacin 0.2 g/
ml and erythromycin 200 xg/ml. (C): (=), control, (o),

ceftazidime 6.25ug/ml; (a),

erythromycin 200 xg/ml;

(m), ceftazidime 6.25 ug/ml and erythromycin 200 xg/ml.
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6. Bactericidal activity of tosufloxacin and
(A) erythromycin or (B) clarithromycin
against Iscudonmonas acruginosa S 827 sessile
cells in saline and 0.2% glucose. Symbols:
(A): (=), control; (0), tosufloxacin 0.2 ug/
ml, (~), erythromycin 1 ug/ml; (@),
tosufloxacin 0.2 gg/ml and erythromycin 1
pg/ml. (B): (=), control; (0), tosufloxacin
0.2 ug/ml; (&), clarithromycin 1 ug/ml;
(@), tosufloxacin 0.2 gg/ml and clarith-
romycin 1 gg/ml.

Log of viable cells

|- Lower limit of assay

4

A 1 l J
0 1 3 5 7

Time (h)

7. Combined effect of tosufloxacin and
erythromycin against Pseudomonas
uginosa S-827 in brain heart infusion broth.
Symbols: (=), control; (0), tosufloxacin 0.2
ug/ml; (&), erythromycin 200 ug/ml; (@),
tosufloxacin 0.2 xg/ml and erythromycin 200
pg/ml.

aer-

b oY, T A LWk, KAlEMEKI10H
[T THLWIBHERBRD o nt: (Fig. 6),

7. BHIB#iTo) TFLX £ EM O#FHZIR

BHIB it TFLX & EM R % Fig. 7 127R
Lto D%, TFLX 0.2 ug/ml M TIZH P b
BB EsShZOWL, EM 2252 LCEDZED
BUANIN LS & b, PR s h e,

. = %

M ORI BT IREINEORE S L FMIC
ZHE L, EORMCI-TEMICIH%BZ 5 i1k
JE b & IR & 0 3 R 215 L T, #Hrsk
LK D Z %, £ OIERAER LD END—
DELT, A A7 ANLOEENEE L T LE
ZONBE"Y, N4 AT 4N LBKORINE L
wh DB LD, P oaeruginosa 0t iZ Staphylococ-
cus aureus®, Slaphylococcus epidermidis®, Streptococ-
cus viridans” £ X U Escherichia coli® 7z ¥ TH 5,
T P oaeruginosa 3 EMMEANCHAMETH
N, compromised host iZ W\ Tidah e HBEELIC
COLED—2Th D,

Z Z TSR L I in vitro 12 B W TEK S BEDOWE
W HkEREEH Y, 1A 7 0 LV ARERL,
TFLX, CPFX, CAZ, EM 8 X U CAM O&¥A L,
LPEBIEN MR A D L2 O IHAL B EIC L 2%
IZOLTREL 72,

EANEFHMBCEHET 2 L, HESELEL
glycocalyx # /L THKIC Lk > 72/84 F 7 4 L At
I Tut, £/, ZONAMA 74 VART TR
HRESN TV LI, BREATHEEEZ L
—JHMEE L b DANEFEL T 2 e higER S h
o BEBICHRAL EERT 7001, BULEHHT
BLICSOHMHBATHEH, T TLEBEEITEL,
WAATANLERE LT, 2D LI, &oLiE
BEGTH E, EEBLIULY) 322810 LR
1A 74 NVLBRENETHSI L, Fi4ERIC
BWLTE, 74 7)) YPlUMRE EDY >80 B3
T, (BT D018 5 EFE L4 4 7 4 LA
BahsZenFasnsy,

£/, SEIEBRICHRAL 7o P. aeruginosa S-827 ¥
BALIAFIATDEKTHD, L34 K54 7O
BEANIN T 2BREREODD L A7 4 VL%
EELPTL, $RBRELICS VH 203t
TAHMNERELE O EOWMEY b b2, B, EHRHEX
DIELIA K4 7OE|ER, B LEORET A
A7 ANLEER LU CEBET CHRET 2L, Frad
RZATDHIDNAF T 4 VAR 2ot (F
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—IRFER), BELIA R YA 7ORBE 2L 2
ARTATDEDED A A T4 VL RITEDRT L,
FRBRELICC VDO EWVS AICOnTI}, Skan
RERFVBLEBETHSS LBbhd,

Floating cell & sessile cell D3EH| = x4 2 LHIMY:
CERBDZOREEEOT S »oMMbic ks 2k
bEZ 5N B0, SDSERKBIC LB AWty — >
i3, floating cell £ & U'sessilecell & bicE >/ <K%
fLizZe <, 84 4 7 4 VAT ¥ DIEHI ML L
TR I EEZOND, N4 AT 4 VLD IA
FREhd e—BOWBICEbN S 2 &2 &> THA
DECEFELIZS W) TR, HEA IO
REBIzHD, BIEHOBE N LTRSS % CAZ
DESBB-7 77 LKBKRBELELS KDY, &2
AU TFLXYW DX %¥ /o Eliz, #ibHORE
CHIBITLTH T ER VMR WNE TY sessile
cel DEBEWY &L TEL, Lol Kk
36, MK TORBEMREEZEZHBEITITE X E IR
HHERD D LR, 147 4 VLANDOEROFE
BE LTI, HELRERINIANAF T4 VA
RHABAEIEREFHAREL TOLLEEH S,

ZIT, BRENINAXA 7 4V LARERT 5HB
T, TFLX L 8D 2 0135 > R 7 P RBEF DB
BIZ oW TRRET 21To /e £HIT L B &, lysozyme,
hyaluronidase, protease £ & U streptokinase &
TFLX 2t L TR BEFED o o7z, Lo
L%d35, lysozyme'® & 5 > i3 dextranase” & e
HIOHBT/NA A 7 4 VAT 2R BTFDH SN
EDOHRELDHD, PMEEEOBESHLVIZpH FICD
WTRSBRE OSBRI E2ET L LBbhl,

wiz, =z7a74 FRERNILT 7 LGHEE & —EBD
77 BB L THENEET2L00, RIRE
KL TRIFEAEREEEEZRALTOLRLY D}
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DEREIO XN B LS ICk>TENR, DY 7O7F
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DET?, =53 R —XEEMHE H 5 v i
glycocalyx DEAFREDET O R EDERA%*#ET 5
ZENbhoTE, FITHRIE, F/urflE~
70954 RREFID/NNA X7 4 VAT 5 HEZE
WDWTHRETL 72,

59, F/0VEIHBVIEL-T 7Y LEIOBAERSE
e 1 MIC i & EM 1/4 MIC BE CHRAZIR

U BB ORI L > TRMN L 25, TFLX
B L UCPFX 0.2 ug/ml & EM 200 gg/ml T, 14l
TR IO FIHIT S L L
O S, $ 7, CAZ & EM off
Mic2nTid, FOWIMNEE > iDL
feo E 002, w2 u oA FRMEAORNWETOMH L
KA #BL T, EM b L UCAM & 41 1ug/ml &
L 7 RE D PEFARIA % /1 i O RE | 1A L TR L 720 %
OFSR, ¥ 7urflslttvrz o4 FRIEHINKIT
REFERBIEVICL DO T, BREHIT
LIk, HLOEHBRED ST, £25
B, — M brothuc s /7o v fle~vzo o
4 FREKIOBEANIE, w2074 FRESORICNS
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TICHME XN T VB2, £, ZORBICHGIP
aeruginosa  S-827 ¥k % B \» T broth i T TFLX &
EM 2645 &, PRDFEHBRBED SN,
DK ENT A A T 4 VAL TOAF / a v Fl
L~z o7 4 FREFOETHRIZIRDRD & 7zt
iz DonwTix, w7074 FRERIO/ A A7 4 VL
T B SAOERICED, /70 Elh/ A4 7
AINVLZDLDEEBLP TS Koz tBbhd
5, FEC OV TEBERFHTH 2, MRHKOER
OFFABHRIC DV TIE, IEE O sessile cell (2L
T in vitro 2 B \» T piperacillin & tobramycin & @
WHERBED SN L OHE L H DY 15, ZTDIEH
BECOLWTIRERL TRV, 7, &Y™ 51,
ZOEFOMAGE TEE OREBOKIRFE CHVLTH
HRMENEHONDLEL TV, 2O E LD,
piperacillin & tobramycin & o #f H %1 . 14 sessile
cell iz L TR TldnwWEEbh b,

wFRICE L, EENCBVLTIRR 74 7Y R ED
MEBRSCHMEY > 7 GRS HAHY, LDE
BN A7 4 VLABERINTHE I EnTFHRIN
2o FDIE LD, in vito BT L EENTO Y
447 4 VAR DOERMCE DETF 57281, All
HERMUSEE 24 A 7 4 LV LAERERGTH B,
Biit, TONALTTANLCKLF /OvElE~
7074 FREFIOBICHHZIE BN 2 K, 3E
DINAA 7 4 VADEBFECONT SSRGS T S F
ETH 5,

& B

BB, BREEHRZ 210470 BY)x 2 EiEH,
BE %50 &£ LI BERKES—ANRVINREITEIZ, &
(LR R RLR FZE A Y 5 B R AT HE 1R B B0,
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Characteristics of biofilm formed by Pseudomonas aeruginosa in vilro

Kazuo Fujimaki, Yasushi Ikeda, Masahiro Takahata and Takashi Yasuda

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

Biofilm formation by Pseudomonas aeruginosa was investigated by using medical teflon sheet as an
artificial foreign device /n vitro. Biofilm formed by the glycocalyx and cells was observed by
scanning electron microscopy. Ceftazidime (CAZ) at 1 MIC did not show any bactericidal activity
against sessile or floating cells. Tosufloxacin (TFLX) and ciprofloxacin (CPFX) had excellent
bactericidal effects at 1 MIC against floating cells and a >90% decrease was observed in the number
of viable sessile cells. Enhanced activities were observed against sessile cells not only with a
combination of TFLX and CPFX at 1 MIC and erythromycin (EM) at 1/4 MIC to when the hourly
changes of viable cells were observed but also for TFLX at 1 MIC and EM or clarithromycin at 1 ug/
ml when the changes were observed over days. However, synergism was not observed when CAZ
and EM were combined. The activity of TFLX was not enhanced when it was combined with
lysozyme, hyaluronidase, protease or streptokinase.



