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1. fEREKE

BRED/ N4 4 7 ¢ v L x T 2 5IEA 0F B4
iz, YHRAREORRKS Bk 10 EEEERL 2,
i, RAEZARICBEIZT LT 7 4 VARRED
EEAK, ko, XAEAREOEEORNIC
B, ERTRRKRIOEEPR CHEOH L
Pseudomonas aeruginosa 201-3 ¥ % A7z,

2. fERA

HBBEER2E T %2 EH Dt 6 ceftazidime
(CAZ. HIBEM), gentamicin (GM. ¥ =V ¥
77708 BRAWI,

3. BEuEE
RIREHIEAE (MIC) B HXEFEESE
BEY ICRVAEEICS 27— Y b SERE
#(RPHMEEE) 2RV EXERERE, BLU,
HiEsshic B 74 3 g (RBHMEEER) =AW
TBEAEREC L D EEER 10° CFU/ml i THIE L
120

4. N4 X7 4V ADOEREBMRIE R
TvAon—b4v7ayYaryERXFER (BHIA
FHMEEE) CERICAY TSIV 7405 —2R0fT
Fled4 vy —&n (B AH—F34 8 E5EHEER)
PREL, SFE/SEAKCEBELABLCEHR W
3.0X10°CFU/ml) 200 ul 24 > ¥ —E VRICEREL
SFCTIHME#E L), CDL YT —ENV%E 24K~
VFOINVTFVv—b (ERR—2774 MB) &y b
LRERRET 2012 0. 7% MBFHEXR (RPHLE
) 100l ZEBL, 1 >5—ELVAIC1/15 M B
BW®W (PB,pH 7.0) i ¥ ME L 7= FEH#E 500 1,
#/8i PB1,300 ] 2BEALABEENBOREDOR X
EXHATCERTIC 24 BFEKE L 720 2 DR, 5B
B2 U GEHE 2 TV A BRI L - RS
BENAZT7veAEICTHEL, 0.7%MBEAEX
NBOBITo 124 ¥ 7 — NV DEREFBE % 100%
ELTMNE 2 RAERE L L, kBRI, A8
SEOFHEBLE TR

5. 274 L0HH

TV A Un—t4 72 a rERFER 100 Buc &

HRCHR o7 2 EREY, EDLICP aer
uginosa 201-3 BRO—RHT R B 100 u] £WHK L 37°C
T2 HiRR%, BREOAEDICLV AT %28
Teo BONTRAT A L ITREREMEITV, PB 2 /21
SHAKKTRHRERL THW,

6. FHILAFRICB LIZT R 71 AFMOLE

P. aeruginosa 201-3 Bk 5 3L 7o X 5 4 A % PB
THEMEL, TOMRELIRKECO, 0.1, 0.5% L3
DML - EAIEREREL, T4 RA278ICLD
FHIEAERICB LIZTHEERN L 2, CAZ, GM
DOMEREICIIREEHE LTENEN Proteus mir-
abilis ATCC 21100, Bacillus subtilis ATCC 6633 %*
AL,

7. BREERCBLIZT AT 25MOLE

P. aeruginosa 201-3 ¥k 2 BRZME T4 3 15 HIC T
IPCT—HEEL, ZOHBER% S5%OFE TRIEE
HucEEREL 2 RHIRBS R 21T 7o T ONBUHMM
ICHHEE#10°CFU/ml icFRFY LEF 2HML
THRBRICA7ALAEBRBE0.1% L5 L 5 Cifm
L, 3TCTIRIBETE L 7z, EAIWME, 1, 2, 455MH
HicEBHHBAIE 21TV, R T4 LAKRGBHIIFFORHEIER
LB L o, HHIME IREARECLIDHEL
MIC, +%bb, CAZ, 25ug/ml, GM, 6.25 ug/ml
ZRWR,

8. NAATZ7 4 NVLEREOFERNEFEMHABRE
TV on—t+Av7a29a vy ERHREICHREL
74V —eNVRHNTIBRBELIASTF 7415
— k@ P. aeruginosa 201-3 %% 0.15% VT =T L »
VYR (FAFATAZE) 2FLINVINVT VT
F. 2RI =vABICTZERAEL, LAY /—n
RFITHBiAL, BEBEA V7 SV CEBREERSER
(JCPD-5, JEOL) %#fT o7 2 D%, € TA/NY
% «a—35 47 (JFC-1100, JEOL) L, E#HRE
FEEMSE (JSM-T 220, JEOL) THEEL 7,

II. # x=

1. EHD/ 447 4 Vv LAERMY

YU RFRREFEDOBK S Bk, CAZ, GM &=
HThHDLa4 FERBBRE 10 HERIC DL TEAEAR
M ERET L7z CAZ 50 ug/ml & TI13 ¥ 95.6+
14.2% (71.8%~120.7%) DOEREERL . —7,
GM 200 ug/ml JEE T3 ¥4 42.0+£9.0% (25.5%~
58.1%), 50 ug/mlBE TIix 1 8k 4%23.7% D ERE
BRLH, b I BRIERAIERAUTORET, BE
BTICE-> TERFELHD LI (Tablel),
SHEREHRP S o & bIH DY P. aeruginosa 201-
SHEERAOVTANAA 7 { VATEREOEEESIC L 2
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Table 1. Antibiotic permeability through biofilm of clinical isolates of Psewdomonas aeruginosa
MIC (ug/ml) Permeability (%)
Strains
CAZ GM CAZ (50 ug/ml)  GM (200 ug/mi) GM (50 ug/ml)
Control 100 100 100
201-3 3.13 6.25 93.7 45.2 <10.2
152 0.39 0.78 112.7 46.8 <10.2
158 0.78 6.25 88.0 25.5 <10.2
216 3.13 6.25 120.7 46.2 <10.2
220-8 0.78 3.13 92.1 36.8 <10.2
160 0.39 3.13 106.6 58.1 23.7
270 1.56 6.25 93.8 46.2 <10.2
269 1.56 6.25 92.6 37.0 <10.2
161 3.13 1.56 71.8 33.5 <10.2
274 3.13 1.56 84.4 44.5 <10.2
AveragetSD 95.6+14.2 42.01£9.0 <11.6
CAZ: ceftazidime, GM: gentamicin.
100 (1]
i ..
— RO ) z v’p I+
30 [ ] " \Z GA] 7 6N UAZ
Incubation time = diny Concentration of drug g2 ml
Fig.1. The effect of incubation periods on perme- CAZ: ceftazidime, GM: gentamicin.

ability of gentamicin through Pseudomonas
aeruginosa 201-3 biofilm at a concentration of
50 pg/ml.

EHEZBABOEEBERH L 12o ZORR, HOLRER
EEX*%ZI137-GMIiz1H, 2H, 30 EEAHIH
ZBRONERENHL L - (Fig. 1), —%, CAZ
I3 AEELI AL 7 4 VATRKRE I L T Y BEF
&AM #/R LI (Tablel),

EEBEE 200, 50, 12.5, 3.13 ug/ml{ERHICB VT
NAXTZANLRENRTE2EREEZRELEZ S
CAZ 13 65.0%~93.7% DEBE %R L 1243, GM i
BEBEBEL R ONTEREDETHAD ST
(Fig.2), &8, XHFETR, IV PO —NVICEXE
DHERVT WS e HERDFEFRACHEARE &
haZLBBaanld, HERELR—DOREKEE
BZHEMUASA AT v A B Y AEEZRIEL- L
ZHAHEBORWI LRSI,

Fig. 2. Permeability of ceftazidime and genta-
micin through Pseudomonas aeruginosa 201-3
biofilm.

2. BRIEAERIC B XIZT X574 AGMOEE
AT4 ARBERBEO 0.1, 0.5% k5L HK
MU 7=-EFEEIC DV TT 4 X755 OEFOLHE
BIRTAFIALHFMOBECODVWTRHL L
CAZ 3EBES CRIEMAMBEFRAL R 74 ARMN
OEESOTHED SN0, BRESTIEER
BEALYZD SRR, —FH, GMBAT A LE
MOEEEK % 21, BRES»SERESETS
B IEA O IED Stz 72, TORERA
5 4 ADFIBE CKENTH - (Fig. 3).
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Ceftazidime Gentamicin

Test organism: P. mirabilis ATCC 21100 T_ut organiam: B, sublilis ATCC 6633
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Fig.3. The effect of Pseudomonas aeruginosa slime on the
standard curves of antibiotics.
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Fig.4. The effect of slime on bactericidal activi-
ties of ceftazidime and gentamicin against
Pseudomonas aeruginosa 201-3.

MIC U FO#E TORE 13522 I [HE X hEH &
BRINGF & 12 IZERR DBRERAR B R LT £ 72, 4 MIC
FRZBLWTLREHORIE®ED o> 1t (Fig.

AT —2NADAYT 5T 4 VI — T3 HE
# L7 P aeruginosa 201-3 #k 2 EERE FEMM
THELIEZ 3, BHOKRBIBHBNEL TAY
TV 7 4N —BBHELEATIRE DM E®
BEELLEBbh3 74 VvAROYWE (Fig
5()), FREVIRRE 2o LEEMBILBES
w7 (Fig.5 (b), ) TZO L/ CHEBDEHK
(Fig.5 (d)) r#EHEL -#ERME (Fig.5 (e)) ¢
BREEZDVE->TWwIRBBERINT (Fig.5
(D)o Fiz, FRIRZERRE S ERD 7 4 VAKRY
B»HFELEL (Fig.5 (g)) 242 3% 60~100 um
DEVEBEERLTWS I L3R T S/ (Fig.5
(h)).
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MED/SA F 7 4 VAR RS BREMESEERE T
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(9) | I sﬁm (h) — "o

Fig.5. Scanning electron microscopy of Pseudomonas aeruginosa 201-3 grown on the membrane
filter.
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aminoglycoside, ¥ X U 8-lactam & & T fluoroqui-
nolon DENBRBOBLY 7 LMWL BEH ETR
LEEBELTVEY, LedoT, 437404
ROMEERET 5 O ICHEM IR/ N4 2 7 4 VAR
#HLTEANSR {, HOMEEORMRICH 2 M
VRENCHERTIZ ENBETHE L NSNS,

BEDZERS, BRBTIMAIO/ 474 VL&
BRCBEL, 18— REEERNEOREE
PERUI, FT—F—RR&haich, GM 200
pg/ml BVER & ¥ RRFOERE 2 HH 10 ETHEL
e ®, EMEHIZI5.4%TH- 7, £, CAZ
rHLT, BESRBETH 2 RMEE 10 BkD/ v 1+
7AVAERERBEL L T3, 120.7% 2 RTH
EREDsnZ Lo (Tablel), KAEKICIX20
YHBRONT VX HEEEFELLND,

%7, aminoglycoside T$% 3 GM iZD>WwT P. ae-
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BLTLEREBROERCHVWERMESEL (KL
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CEDoNT, A7 4 ARIROBEIEABRICE X2
TERTLGM BA S 4 ADBMBESH T IO
HitMoEMED S, 5 ICGCMORENH A
FA4LDEMC L VASHLET L. ThoDER
BAIA FPRRBEDARAS f AOELERESTH S
FVEVBNZGM M LT v FE iz L g
LRRORERTH > Teo —FH, FEEMED CAZ i3/81
A7ANKZXBERBBMELIZLAERITELT,
RIBE/ A A 7 4 M ADERARCTNEARE I b
FEERU ool 27, RIBRER T A ADEMIC
£ - TCAZ OMIEMER B & URESIR OB ESRE
BohihofZ bid, CAZORBED/ 4 £ 7 4
VAR ESEBLIRERE—HRL T, UEDKER
i Slack 5 DHRE (€)' 2EXFTHHDTH- T,
BETRMEE A A 7 s vAHLBOEAEE2E
L, hOME 222 BHEHT 5 HEARRO» > Tw
w9, ULhl, 4ECAZTED SN EL, 2t
A7 4 L ADEBEELZTBHEFOFET S
Eit, N4 A7 4 VABBRECR T 5ERRER, T
b, N4 F 74 NLADEBEENDLL, FHEE
BEOBWEC b BENCHFRATIELRODHT o
CEELMRBEEZ S, SEIIE, RBHED/ 4474
VAR DD THEFRIOE BN 2 HIE L 7228, KEixA
VI—RNVRTNA AT 4 VARIERT 5105 8D
BRI oW THRT 2 Z LSARETH D, ORI

LIEAT B LiRTATHEL HR TV 3,

i, ZMXOBR I I EARLYMELETE
HAXERS TR,

N B
AFREITICHND, TR FHEMROBEIC
B OES £ U cHINES, EUAMERR N+
BIERICEMHEL £,
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A new method of measuring antibacterial agents through biofilms

Machiko Naito, Tadahiro Matsushita and Totaro Yamaguchi
Pharmacological Research Laboratory, Tanabe Seiyaku Co, Ltd, 2-2-50,
Kawagishi, Toda, Saitama 335, Japan

Takeshi Yokota
Juntendo Medical College of Nursing

The formation of biofilm is a cause of chronic infection because biofilm blocks the diffusion of
antibacterial agents, preventing them from reaching bacteria. To assess the permeability of
antibacterial agents through Psexdomonas aeruginosa biofilms, we devised a simple method using an
Intercell® and a multi-well plate. P. aeruginosa cells were inoculated in an Intercell® placed on a
brain heart infusion agar plate. Biofilm was formed on the membrane filter of the Intercell® during
incubation at 37°C for 3 days. Scanning electron micrographs showed that the biofilm formed was
about 100 #m in thickness and consisted of bacterial and spongy glycocalyx layers. The biofilm-
formed Intercell® was placed in a multi-well plate, and the surfaces of the biofilm were coated with
agar to prevent peeling. A solution of antibacterial agent was added to the Intercell® and phosphate
buffer was poured into the outside of the Intercell® until the levels of the solution on both sides were
equal. After incubation at room temperature for 24 hours, the concentration of the antibacterial
agents outside the Intercell® was measured by bioassay. The diffusion rate of gentamicin (200 ug/
ml) in the presence of biofilm was 42% of that in the absence of biofilm. In addition, the slime
prepared from P. aeruginosa lowered the antibacterial potency of gentamicin, and its bactericidal
activity decreased with an increase in the concentration of the slime. These findings suggest that
biofilm forms a barrier to diffusion of gentamicin, attributable to binding of the drug to alginate
which is a primary constituent of P. aeruginosa biofilm. On the other hand, in the case of ceft-
azidime, no change was observed in the diffusion rate regardless of the presence or absence of
biofilm. Furthermore, addition of P. aeruginosa slime did not affect the potency of ceftazidime and
its bactericidal activity, suggesting that ceftazidime diffuses freely through biofilm.



