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CHEMOTHERAPY

FRINEE o3 2 2T # XK D postantibiotic sub-MIC effect

F WA BN E EAY - RAIBRD
TR BT AT M= PR S kEARY
B2 o
DML FERMAEARS, YR BRSPS
» B MR M R SR & T TE R

(ER543A 1 B - PAS %6 A 8 HRA)

Pseudomosas aeruginosa ATCC 27853 ¥ 27 2/ 7Y 3 FHl L EMER O AR
732793y F#Iic & 3 postantibiotic effect (PAE) D& icxt+ 2 2 MER DAL
5#3 L7, 8 MIC O gentamicin % 0.5 BMI/ER & ¥ ctk, XEFIEREL L PAEM, X
USEH| % 8 X ¥ 72\ non PAE fo@icxtL, 1/16~1/2 MIC o piperacillin, ampicillin,
ceftazidime, imipenem, ciprofloxacin, rifampicin ZfEf & €7z, £ D&M, PAEMO#EK
MLTE B-7 7 % LF D sub-MIC O#iE#711d non PAE #E L T & D b MAEIDHIRFA %
HEEX¥7, %5 sub-MIC @ piperacillin TiZ PAESiC B W THREH bIMHAL 1o, HL
13 = O%R % postantibiotic sub-MIC effect & &fFiF, £D 5 b PAEMICB1F 5 sub-MIC
DKz & 2 HHEINSIRFRS D E £ % postantibiotic sub-MIC enhancement (PASE) & LT
% L THHT L7z, rifampicin, ciprofloxacin i postantibiotic sub-MIC effect 2R &z -
Pro 7327V RHE -5 277 LRIOREEFC L 2HEHR R, 73/ 7YavF
#lic X 3 B-5 7 ¥ LAHFID postantibiotic sub-MIC effect BEEL T3 Z L B¥RBIhi,
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R, REBEF

RIBERLE C X T 2L ERME I D OBE TH AR
EERLBELTIHEABHZ Y. v 7 AZBRBEBLSE
¥ 57 /7Y ay PR L piperacillin O ff A#E DR
ShEoRATR, 7I/7VavFRAO1B 1 BES L
piperacillin DFEKREDHEAELES b L bENLTH
D, $%732/77)ayv FRE2ETREL BE,
piperacillin D& G IR TEEHRICENA TV T
LR T TIHRE L 1:Y, ZO%ERIZ X Moellering & D5
L1eB-F 78 LHCEXBRFIF T AV BENT S/
7YV ay FHIOMD AR % LR S ¥ 5 EARE LSO
EsE L oNIcDT, RBEICNTE7I /73y FH
-7 78 LHDHBRRET I/ 7V v FHIcE B
postantibiotic effect Big Izt T 2 8-5 7 ¥ ARIDIERAH»
SEETL 72,

I. # 8 & F &

{# k. Pseudomosas aeruginosa ATCC 27853 %
vtz E#ki3 10% skim milk (Difco, Detroit,
MA, USA) hT-8CicBREHREFEL, MEF1.5%

nutrient agar (Difco) slant iZ>MELERL 72,

i Ak ith: Ca** 50 mg/l, Mg®* 20 mg/l MHIEES2H
FIE 74 3 > (cation-adjusted sensitive test bro-
th: CASTB: BAME), SEXNMEC I EEXX
(NA: HA 8 3)» % Al w7z, EDTA © MIC, FIC
index, postantibiotic effect ¥ ix Ca?*, Mg** %
MEL2OREURE S 3~ (STB) AV

K #: piperacillin 2 B |L{t% (Lot No. RL-433;
908 xg/mg) & v, gentamicin (Lot No. RGM-1902;
672 ug/mg) B & Uf ampicillin (Lot No. PAMC-8-3
;918 ug/mg) X BAI WE X D, ceftazidime (Lot
No. 1072; 850 zg/mg) iz Glaxo Laboratories(Green-
ford, Middlesex, UK) X, imipenem ix Merck
(Lot No. RZB 531;956 ug/mg, Rahway, NJ,
USA) &b, rifampicin (Lot No. 1357;1,001 zg/
mg) I3FE—HRIEKL Y, ciprofloxacin (Lot No. 300-
388; 843.7 ug/mg) it Bayer Pharma. (Leverkusen,
Germany) XD, polymyxin B (Lot No. 0 A 0190;

* B E X M EHET 8-1
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8,100U/mg) R7 74 ¥ —HWEIDWFhbHUAD
HorgMBELTREEALLbOEMALR,
EDTA-2 Na i3B8®{t¥ & b, CaCl; 2 H,0, MgCl,
6HORFH534 T R2 & D AFEL, analytical
grade 2fEA L %,

MIC $i5£: CASTB % R\ - BB AR EIC & 9
gaEE% 10° cfu/ml & LTI\, 37°CT 18 By
K%, ARMRBEE2EDZVWREE MIC L L1k,

Fractional inhibitory concentration (FIC) index:
FIC index 12 & {4 M #A R c & & checkerboard ¥
AW, 3TC, 18 RflliEM&k, &4 D MIC » 5 TR
DFEC L O KRD A, FIC index=46tBREH A D
MIC/$ #uFs3E ¥ A © MIC+ ¢ FBRE ¥ # B o MIC/
HIR3ER B 0 MIC

FIC index<0.5 #HEfEA, 0.5<FIC index<1.0
*»HEimE A, 1.0<FICindex=2.0 # =~ B, 2.0<
FIC index 2&HEA L L1z,

postantibiotic effect (PAE) O#IE: W SUER D
EHEE 10° cfu/ml i HEEL, BBRPTITC, R
¥L7, 2B¥M%, 8 MIC, 4 MIC @ gentamicin, 1
MIC @ polymyxin B, 8 mM @ EDTA iZ 0.5 B¥fi#
fi, 1 MIC o gentamicin, 1 MIC @ polymyxin B, 8
mM ® EDTA & 2 Ry ] ¥ fi ¢, membrane filter
(GS:0.22um, BEA I VR7, ¥R, HEX) i TXE
HERE £EL, CASTBE T#H®E L7z, 2O
filter % ¥ 8% CASTB iz ¥ # L T (postantibiotic
effect Hig: PAEJE), BUITCTIEE L, BN
CEEREAE L, T, EH2ERs 2L
B OB %, [FIHEIC membrane filter i2 & 25
B, e fTe, EAEASE-ERLECERE R
53k5FWL, B (non PAE#AE) & L7z, &REF
MBCERLI:Y Y 7V BEERAEAC LD 10
BEERRTIEL, £D10ul £72i3100x] # NA
CBABR—EITCTEEL, SLkauo=—%&»s
SHBEHE L7, PAE i Craig 5 DHEY 0¥,
XA L DR,

PAE=T-C

(T: AR FBOERE B 1 log,, cfu/ml @0+ 3
DIBEL-FR, C:xEOED 1 log,, cfu/ml ¥+
3D EL 1-5F)

28, EROBEMIFR, BEMREZ ThbIZIR2
~3logy, cfu/ml DEFEMREBONBEHFLELTH
EL,

PAEME N T 2 8EEF O EMASMICD
gentamicin, 1MIC @ polymyxin B, 8mM o
EDTA iz 0.5 B§fi#ahte, 3# 2K E%S L7 PAE

JHM#%, non-PAE #i®§Z piperacillin, ampicillin,
ceftazidime, imipenem, rifampicin, ciprofloxacin
% 1/16 MIC~1/2 MIC L% 3 X 3 itk 37°CTHe M
L, RS &M ERIE L oo PAEMIE ICY T 2
XX DOsub-MICORIR EHET 5 7 i, pos-
tantibiotic sub-MIC enhancement (PASE) % X=
DEDICEEL 72,
PASE=§8"~S

(S'=T,'—T,": PAE $illic 8|} % ¥%#| D sub-MIC
effect, T,”: PAE #A% iz sub-MIC DX #| % il & ¥
7-BF D& W2 1 logy, cfu/ml MMM T 2 DICET 35
M. T.': PA HA ¥ & M S ¥ o LRFO £ WK
1 log,, cfu/ml 3MFE 3 2 BEA

S=T,—T.:non PAE#I®« 3} 2 K& D sub-
MIC effect, T,:non PAE #i#ic sub-MIC D ¥#H| %
ER & B 7R D & E D2 1 log,o cfu/ml M+ 2 Dic
E3 5K, T.inon PAE i Ic A 2 EME ¥ it
WO E BB 1 logy, cfu/ml WA 5 B§f)) %2 B,
EKRIZEhEh 2~4 [E1T\V>, PASE 3% O¥HET
AL T,

II. #& n»

1) FERAERORZMERAE

MIC: Table 1 i= P. aeruginosa ATCC 27853 iz xt
T 3EAER D MIC 25RL 71,

FIC index: Table 2 i P. aeruginosa ATCC 27853
X3 5 B EER O HRFD FIC index 2R L 720
FIC index iz & 2 ffH%hR¥E Tz EDTA & ampi-
cillin D AELEH0.0625 L b L LENTBD,
EDTA & piperacillin, rifampicin & U* gentamicin

Table 1, Minimum inhibitory concentrations
(MICs) of various antimicrobials

against Pseudomonas aeruginosa
ATCC 27853
Antimicrobials MIC (ug/ml)
Piperacillin 3.13
Ampicillin 3,200
Ceftazidime 1.56
Imipenem 3.13
Ciprofloxacin 0.39
Rifampicin 50
Gentamicin 3.13
Polymyxin B* 32
EDTA** 2
* U/ml
(] m M
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& ampicillin, ceftazidime DA &b ¢ 2SI RRIR
%, gentamicin ¥ piperacillin, imipenem, ciproflo-
xacin 8 & Uf polymyxin B & piperacillin, ampicil-
lin, rifampicin DA S b ¥ IFHEMHIRERL, T
B, BHMBRETTOORALGNENO T,

2) P. aeruginosa ATCC 27853 ix43 5 £ ¥KHID
PAE: Table 3 i gentamicin, polymyxin B, EDTA
@ PAE ®# R ¥, P. aeruginosa ATCC 27853 iz 3 L
WP NOXHK b PAE 23 7x o, polymyxin B,
EDTA i gentamicin iZHt~ % ® PAE 2@» > 7z,

3) #&JEH|D postantibiotic sub-MIC effect

gentamicin iz & 2 PAE Oz xt 2 £ MEH
o postantibiotic sub- MIC effect: Fig. 1 ic genta-
micin iz & 5 PAE#i#%, non PAE#i# x5 %

Table 2. Fractional inhibitory concentration (FIC)
indexes of various antimicrobials against

Pseud aerugi ATCC 27853
Antimicrobial combinations FIC index

Gentamicin piperacillin 0.625
ampicillin 0.25
ceftazidime 0.375
imipenem 0.75
ciprofloxacin 1.0
rifampicin 0.508

Polymyxin B | piperacillin 0.75
ampicillin 0.625
rifampicin 0.75

EDTA piperacillin 0.25
ampicillin 0.0625
rifampicin 0.25

piperacillin ® 1/4 MIC, 1/2MICOER %2R L 72,
piperacillin 1/4 MIC T T non- PAE X %3 1 log,,
cfu/m] MFKF 2 B5M) 12 piperacillin 2 i s ¢ 2 v
MR IZ M 0.7 BFMEER T 5 721 7248, PAE
MW TIZ4.6BMICBEIATEYD, 3.90MD PASE
W Iz, % 7z, piperacillin1/2MIC ® PAE i &
e 2/EM 12 non PAE #ICHE~ 5 L # DM
HEROMEDO A% 5F, non PAEBIZAShi
o 72K 1log, cfu/ml 1 ¥ OREEHERL I,
Z 35 L7: PAE s ic 34 ¥ % EH| D sub-MIC 2R
#4534 % postantibiotic sub-MIC effect & &fti3 7z,

Fig. 2 i i3 gentamicin i X 2 PAEJAEC B} 3
A& M ¥ #¥| D postantibiotic sub-MIC effect ¥ PASE
TR L 7z, ampicillin #3% - & & #¥ x PASE %%
LT8Y, piperacillin B Zh it SR ER -T2,
—7%, imipenem, ceftazidime iX#% /% PASE %%
o tz, PASE i21/4~1/2MIC K MKE%ERL
T w7z, ciprofloxacin, rifampicin i3 PASE % 7 &
Ripo it

polymyxin B, EDTA ic & % PAE AR ¥ 3
piperacillin @ postantibiotic sub-MIC effect: Fig. 3
i3 polymyxin B, EDTA it X 3 PAE e 5
piperacillin @ postantibiotic sub - MIC effect %
PASE T/RLU 7z, polymyxin B, EDTA i X 5 PAE
M ot % piperacillin @ PASE @& » oz d
27,

II1. % =

FI/7Vay ML B-5 7% ARORRBRE R
THHBAYURRT TR DWE O BHLH, £
BOBK EADBERE VS Ah oS HEEERL
HRAMROFMBLETH L™, BATRT S/

Table 3. Postantibiotic effects of various antimicrobials on
Pseudomonas aeruginosa ATCC 27853

Antimicrobials Exposure
Postantibiotic effect®
concentration time (hours)
(X MIC) (hours)

Gentamicin 8 0.5 1.9

4 0.5 1.6

1 2.0 1.1
Polymyxin B 1 0.5 0.2

1 2.0 0.6
EDTA 4 0.5 0.7

4 2.0 0.8

* Mean values based on data from two to four experiments are shown.
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Postantibiotic sub-MIC enhancement: S'~S=3.9h

S'=4.6h

[T SN U N N W S N B |
-20 2 4 6 8 1012 14 16 18 20 22 24
Time (hours)

Postantibiotic sub-MIC enhancement: S'—S=7.2h

Logio cfu/ml

g A N o W

1N e

1 1 1 1 1 1 |
6 8 10 12 14 16 18 20 22 24
Time (hours)

Fig.1. Gentamicin-induced postantibiotic sub-
MIC (top: 1/4 MIC exposure bottom: 1/2 MIC
exposure) effects of piperacillin against Pseu-
domonas aeruginosa ATCC 27853. The bacte-
ria were exposed to 8 X the MIC of genta-
micin for 0.5 hours, washed, and then exposed
to 0 (open circles) and sub-MIC (open squ-
ares) of piperacillin. The bacteria previously
untreated with gentamicin were exposed to 0
(closed circles: untreated control) and sub-
MIC (closed squares) of piperacillin.

ZVayvrHlo1 B 1 ERSSERE, SfERER
DHLEFLLEISATWEMY, 72/ 7YavF
Kl B-5 7% rKDOBATH7 S/ 7V av FHIOD
1E® 50 -7 7 9 LAHOHEERSE L OEAEDE
TH- L bR BN, BREEFTIR7/7Y
IV PRI ETRET 5 LEREHRICEND LA
S5RTV3Y, SEOERIIILELTI /7Y ay
FRIE -5 7 9 rRIOBEREIC L 2B ROE
ROMFEEHSHhIZT B0 IfTbiviz,

Miller &' {1 ticarcillin ® cefsulodin #% P. aer-
uginosa ATCC 27853 i34 L sub-MIC @ tobramycin
OB AHEHAEE, HENRE2RET 2L T

B 116 MIC
B 18 Mmic
O 14mMmic
1/2MIC

OANNNMNNNRNNNNNNNNRNY

1 1

- | 1
2 PIPC ABPC CAZ IPM

Antimicrobials

1 ]
RFP CPFX

Postantibiotic sub-MIC enhancement (hours)
-

Fig. 2. Gentamicin-induced postantibiotic sub-
MIC enhancement of the effect of piperacillin
(PIPC), ampicillin (ABPC), ceftazidime
(CAZ), imipenem (IPM), rifampicin (RFP),
ciprofloxacin (CPFX) on Pseudomonas aer-
uginosa ATCC 27853. Each postantibiotic sub
-MIC enhancement was calculated using the
formula in Materials and Methods. Mean
values based on data from two to four experi-
ments are shown.

Il /16 MIC
B 1/8MiC
O 1amic
1/2 MIC

-2 1 1 J

GM PL-B EDTA

Antimicrobials

Fig.3. Gentamicin(GM)-, polymyxin B(PL-B)-
and EDTA-induced postantibiotic sub-MIC
enhancement of the effect of piperacillin on
Pseudomonas aeruginosa ATCC 27853. Mean
values based on data from two to four experi-
ments are shown.

Postantibiotic sub-MIC enhancement (hours)

3, LHL, ZTOMF Tl gentamiciniZ & 5 -7
7 % AFID post-astibiotic sub-MIC effect % FEAT
RV, 7377V a3y FRAIRY XY —AERALE
HEREEIL &Y, 77 LRME TRIMENEE
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BETHAILREIDEDMAOCHEER LM T
i, T, TV avFRICLDBREN
TR RBKEENERL 2 LdiIcksZ h
s FI ) ZY)avRHickd -7 75 LKD
ERs8I7 2 /7Y ay FEIONDUBRIEBICE 3
B-7 7 % LRI OKIKIMBRA O E:E DM KIC & 5]
BEMELI® 2 S iz, LH»L, gentamicin iz & % pos-
tantibiotic sub-MIC effect X ciprofloxacin $*BRAM
D rifampicin iCRIF LA EBOONTY, 7 /7Y
ay FHIERIC Y 7 LRME O LB L, BRAkY
MBOE LY % @ L X% 3 polymyxin B!® k
EDTA™ TEL:HIzT 3 8-7 7 5 LHD pos-
tantibiotic sub-MIC effect bZEH ohixhr o7z, &
D5 X postantibiotic sub-MIC effect D FFH 7
T/ 7V aAVIRHONEBECLS 8-775 LFD
BZREERTHB L EHFRIC W,

Scudamore 5'® i EDTA LB R ME X+ 27
S/7VavFEIL -5 79 AROBRERIRIEL
BRELABL TR EALELLZW L SN RBE
BHEHROBFLEFX TS L EREL TS,
Lorian 5'? % sub - MIC @ ampicillin ¥ cephalotin
2% Proteus mirabilis 0 ribosome O PHEE(L S
¥ 5 Z & %, McDowell 5'® {% penicillin #% S.
pyogenes ® RNA hydrolysis 23| X&Z+ 2 L ¥
ELTEY, -7 7% LHOHEERICRRTSFF
7V H v EREEUNAOBFELHE Z LRI T
w3, SEDOEER TR & hiz postantibiotic sub-MIC
effect 372/ 7V av FRICE D BZXRSINIERAR
B-7 7 ¥ LD ribosome ~DYER® RNA hydrolysis
RPEELCERTHITEHELELON D,

ampicillin, piperacillin'® & ceftazidime?® o &}
B @ penicillin binding protein (PBP) Zx}3 3 0
HIEPBP3TH - L b EL, BENCIRVTRD
filament 2R 5 Z EMI5 T3,

— 4, gentamiciniZ & % -7 7 ¥ L %|® PASE
i3 ampicillin, piperacillin {2tk L T imipenem, ceft-
azidime THV-EARSED Sz, ZOBRITEL
3, PASE o 8 53 penicillin binding protein @ 8
Aoz Db EhUADI L Z X
ribosome ~DEA® RNA hydrolysis 2z ¥ D&z &
ZAJHEME R MY B,

benzylpenicillin iz £ 32 PAE #i @ S. pyogenes?® %
S. sanguis 11*Y & Xt 3 % benzylpenicillin @ sub -
MIC % & % aspoxicillin iZ & 32 PAE 8§ @ S. aureus
izxt3 % aspoxicillin @ sub-MIC Zj8#2?, imipenem
i X 2 PAE#HO KBS =Xt 3 5 imipenem @ sub-

MIC 2h R 2 X OMEH T T RRE SN TS, T
NSIRWTh LPAEX BB T2 XKL EDORD
PAEMIcERl & € % sub-MIC O RF BRI U TH 3
5%, PAE DBzt 3 % sub-MIC DIEHI DRy R4S
MESNIBENDHEILEERLTVLS,

sub-MIC D& #H 128 DOMMEAN 2 b o, HE
Mok, MR L OEBSITERZ Lk 2 R4
SNTW3', REBDEKICBT 5 HEED sub-
MIC D> EEIZKE\, 35 PAEMITINDLS
72 sub- MIC %) 5% @ M 3 — 7~ 72 b b postantibiotic
sub-MIC effect DEHE—RFIBRIOHHE 21T 5B
BECL->TEVAH M EHLOND, SGRIIE
BR#Y 1 postantibiotic sub-MIC effect # ¥+ 2 ¥
FotABEMCH rE,rORN 2E£D TITE):
Vi,

2B, ERXOBEO—H 3% 37 Bl B X{CLERE
FERAEXXTRE (M), 817 EEBCEREF
£ (Berlin, Germany) i TR%EL 7,

X [
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Aminoglycoside-induced postantibiotic sub-MIC effects of various
antimicrobials on Pseudomonas aeruginosa
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1 Department of Medicine, Tokyo Women’s Medical College, 8-1 Kawada-Cho,
Shinjuku-ku, Tokyo 162, Japan
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9 Pharmaceutical Research Center, Meiji Seika Kaisha Ltd.

We investigated the synergistic effects of an aminoglycoside and various antimicrobials against
Pseudomonas aeruginosa ATCC 27853 from the stand point of antimicrobial actions on the aminog-
lycoside-induced postantibiotic effect phase bacteria. Bacterial growth at 1/16 to 1/2 of the MIC of
piperacillin, ampicillin, ceftazidime, imipenem, ciprofloxacin, and rifampicin wan examined after
removal of 8 X MIC gentamicin exposure for 0.5 hour (postantibiotic effect phase: PAE phase) and
in the absence of previous exposure to antimicrobials (non-PAE phase). 8-lactams at sub-MICs
suppressed the growth All of the PAE-phase bacteria longer than non-PAE phase bacteria, and
piperacillin at sub-MICs enhanced bactericidal activity during the PAE phase. We termed these
effects the “postantibiotic sub-MIC effect” and defined the enhancement of growth suppression at
sub-MICs during the PAE phase as “postantibiotic sub-MIC enhancement: PASE”, Rifampicin and
ciprofloxacin did not display any postantibiotic sub-MIC effects. These suggest that the pos-
tantibiotic sub-MIC effects influenced the synergy of aminoglycosides with g-lactams.



