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L FTRTCOEECRN LTHRENOHRER L, BHIFRIRED bhich -1 FiT, S.marcescens
R L TZERAHEEERMNRS 5, ISP & FMOX T minimum-FIC index 7333 0.272 &
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3. S.marcescens DM RITTHEXRFI L LB R, ThThER THENFERET
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4, (CAREFEMEEIT T S. marcescens T HMRELHRE LcER, AGs BTN B &
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SEBE AL, AF V7 2RPEYWE & L T flo-
moxef®, H A AR ARPEH E & L T imipenem/
cilastatin sodium?®, ffFHEA D AGs & LT netilmi-
cin ¥ X 0% isepamicin R, T h L EH M o in
vitro kT AR REEEKRSHBED Escherichia coli
Serratia marcescens, Pseudomonas aeruginosa ¥
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X o methicillin it Staphylococcus aureus \z-o\
THRE Lo
I. ME&ELTHE

L {ERZEA

Netilmicin (NTL, v =Y v 7 - 75 v&RX&H),
isepamicin (ISP, v =V v 7 - 75 vkX&H, HE
B kkR &), flomoxef (FMOX, EFHHURHAL
#), imipenem/cilastatin sodium (IPM/CS, #AHHIE
BRet) oW Thb AHEOHEL b OR{ER L,

2. (HAEK

REEHKEBRENFHBERFOBIK S B Escheri-
chia coli, Serratia marcescens, Pseudomonas aerugi-
nosa % 20 ¥k X OMBAIAFE » LREERF O methi-
cillin {4 Staphylococcus aureus (MRSA) 10 #k& By~
oo

3. HENRE

B AR AT HRIEERY 15 » THIE L,
Tichb, SCD HkiE (SCD, KAEHKE) T 37C,
—WEEE LI B Y, XK47A heart infusion agar
(HIA, W) F#R iz 108 %7213 108 cfu/ml #E L,
37°C, 18 BERISERE, R/NFEFFHILRE (MIC, pg/mb
wRDI,

4. BrHEBHR

(1) Checker-board dilution method 1= X % $f %)
B o

AGs ¥ XUt B-lactams ¥+ DEE IS ¥ HIA
SERRESH AR L, BEEEK 10% cfu/ml © MIC 23R
to T HDFEREN S minimum fractional inhibitory
concentration index (min-FIC index) %K -, min-
FIC index »% 0.5 LAF THIIIHEFEIEA (synergy) A3,

0.5 X hAZ< 1L0UTTHNIMORERER (par-
tial synergy) 2% % & Lo ¥, LO X bhkE 29
LIFCchhEAE (indifference) & L, 2.0 X hk i
AEEHEA (antagonism) 2355 & Liz,

(2) MR T 208

HERE 21 checker-board dilution method iz .Y
AR ok W TERCHREANED bAL S.
marcescens O 5 HLEEERYS" T « B5f Lic T-55 #v
o SCD € 37°C, —REEE LI % heart in-
fusion broth (HIB) Ty 10° cfu/ml iz &R, 37°C ¢
2 FEEIRBEEE R TT0V, EEHHY 107 cfu/ml & ico:
NBOEEIA ORI FBED BRI X HiL, Ef5n
1, 2 3 XU 4 BRI DAEBE R RUTE Lico

(3) friaEEMEc X >HEEE

AFA V7S5 A LRER®EAL HIA 7 40 28%
HIERK L, S.marcescens T-55 % HIB Ty 3 BiizE
BBV - o UM 0B > HIA 7 40 2 %X
CBHEL, 774V THALL, TOEEXY 3ICH
BT, (HZEME Or Y v R) X HERNESR
L?‘Co

II. # P

1. ERAEkRORREMS

E.coli, S.marcescens, P.aeruginosa ¥ X 0° MRSA
DEMBELK 106 % 721 108 cfu/ml 12513 % NTL, ISP,
FMOX 35 X% IPM/CS o> MICy, % Tablel itif
L7

(1) E.coli

NTL, ISP, FMOX 3% X t¥ IPM/CS o 108 cfufml
BRI ERIT B MIC 13t £h 3.13, 3.13, 0.10 &4
T 0.20 pg/ml L -Th ERICHENZR LI,

Table 1. Susceptibility of clinical isolates to aminoglycosides and B-lactams

No. of Inoculum MICso (zg/ml)
Organism ) size
strains (cfu/ml) NTL ISP FMOX IPM/CS
L. . 108 3.13 3.13 0.10 0.20
Escherichia coli 20 .
108 1.56 1.56 0.10 0.10
. 108 12.5 6.25 100 3.13
Serratia marcescens 20
10° 12.5 6.25 6.25 0.78
. 10® 3.13 6.25 >100 3.13
Pseudomonas aeruginosa 20 A
10° 3.13 3.13 >100 1.56
10® 25 50 100 50
MRSA 10 _ _
108 12.5 50 100 50

NTL : netilmicin, ISP : isepamicin,

FMOX : flomoxef,

IPM/CS : imipenem/cilastatin sodium
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Table 2. Combined effects of aminoglycosides and 3-lactams against clinical isolates

Drug combination Numbér of strains (%)

Organism mean min- | synergy partial indifference | antagonism

AGs | PB-lactams . - - synergy )

FIC index | (20.5) | (55 g | (P10.5200| (>2.0)
N1 | FMOX 0.813 1( 5%) | 17 (8%) | 2(10%) | 0( 07%)
Escherichia coli IPM/CS 0.690 2 (10%) | 18 (1 907%2) | 0 ( 07%) 0 ( 0%)
(20 strains) sp | FMOX 0.741 2(10%) | 18 (902%) | 0 ( 0%) | 0( 0%)
IPM/CS 0.627 6 (302) | 14 (70%) | 0( 0%) | 0( 0%)
NpL | FMOX 0.288 17 (85%) | 3(152%) | 0 02%) | 0( 0%)
L

Servatia mavcescens IPMCS 0.561 10 (50%) | 9 (452) | 1C 5%) | 0( 0%)
(20 strains) < FMOX 0.272 | 20 (100%) | 0( 0%) | 0( 0%) | 0( 0%)
IPM/CS 0.430 15(75%) | 5(25%) | 0 0%) | 0( 0%)
wpp | FMOX 0.872 0( 02%) |17 (85%) | 3(15%) | 0( 0%)
Pseudomonas aeruginosa | IPMCS 0.690 5(25%) | 14 (70%) | 1( 5%) | 0( 0%)
(20 strains) < FMOX 0.767 0( 0%) |15 (73%) | 5(25%) | 0( 0%)
IPM/CS 0.753 4(202%) | 13 (65%) | 3(15%) | 0( 0%)
NpL | FMOX 0.775 2(202%) | 8(802)| 0( 0%) | 0( 0%)
MRSA IPM/CS 0.698 1(10%) | 8(80%) | 1(10%) | 0( 0%)
(10 strains) op | FMOX 0.766 0 0%) |10 (100%) | 0 02%) | 0( 0%)
IPM,/CS 0.670 1(10%) | 8(802%)| 1(10%) | 0( 0%)

NTL : netilmicin, ISP ! isepamicin,

(2) S.marcescens

108 cfu/ml @RS Iz %515 MICe (3, IPM/CS T
3.13 pg/ml L BENIHBE I %R Lico ISP 5 X0 NTL
BERER 6.25 3 X 00 12,5 pg/ml & HEIAIRGIE
HERLEA, FMOX Tix 100 pg/ml EHLEEN 12555
ie) 7‘:0

(3) P.aeruginosa

NTL % X ¢ IPM/CS 2 BEhAHEHIERL, WTh
® MICq, (108 cfu/ml) % 3.13 pg/ml T - 7o ISP T
X 6.25 pg/ml TH - 71=ps, FMOX Tix 108 3 L U 108
cfu/ml #EBREVTRICE VT MIC, 12 100 pg/ml LA
LLREAERZWERI LM o1

(4) MRSA

WIho TR LT & ReEtE255<, MIG, (108
cfu/ml) (3 NTL T 25pg/ml, ISP % o8 IPM/CS T
50 pg/ml, FMOX T 100 pg/ml T» - 7o

2. Checker-board dilution method iz X % it IR
DIREY

BRE T B AGs & p-lactams & D PFERRICD

FMOX : flomoxef,

IPM/CS : imipenem/cilastatin sodium

\~T, checker-board dilution method 1z Xt »R>#=
min-FIC index % Table2 {Z/R L7z,

(1) E.coli

IPM/CS & AGs DfiAx&b¥MNB L, Hiz IPM/CS
& ISP T min-FIC index D¥#% 0.627 LEI T
Wito WTROHELELEDL, TRTORTELTER
fERED b Rich » T,

(2) S.marcescens

FMOX & AGs Ofixfbh iz s v TELHA
HEMNEDShico FMOX & NTL & o ffH TixFy
min-FIC index {} 0.288 T#», FMOX & ISP o
HRCEWTZTXTORCHEEERA RO, T
min-FIC index 1% 0.272 TH -7z, ¥i, IPM/CS &
ISP »5%uix NTL LA EHLRIT ks W T HFEY
min-FIC index (% 0.450 %%\ % 0.561 Th b, T~
Tokki LTHAFEREZR L,

(3) P.aeruginosa

IPM/CS & AGs DA Gh s\ THEIPRITF T
stARENZ SN, IPM/CS & ISP TR Licko
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netilmicin

isepamicin

E
= —0— control —o— control
§ 2[" —e—3.131g/ml —A—12.5ug/ml 2" —e—1.56 zg/ml —A— 6.25 pg/ml
= —A—6.25 ug/ml —0— 25 2g/ml —t—3.13 pg/ml —0- 12.5 ug/ml
D ! 1 ! 1 1 1
by 0 1 2 4 0 1 2 4
2
:g flomoxef imipenem/cilastatin sodium
g 10 101
g s sk
0
=
6 6k
4} —O— control 4| —0— control
—e— 0.10 #g/ml —e— 0.20 zg/ml
—2— 0.20 ug/ml —A— 0.39 2g/ml
2F A 0.39ug/ml 2F  —a0.78ug/ml
—0— 0.78 ug/ml —0— 1.56ug/ml
0 1 1 1 0 1 1 1
1 2 4 1 2 4

Time (hours)

Fig. 1.

Bactericidal effect of netilmicin, isepamicin, flomoxef and

imipenem/cilastatin sodium alone against Serratia marcescens

T-55

8% wiHEM (5 LHERMEA 20%) 2%, IPM/CS &
NTL Tk 95% B AOfER (5 BIEEER 25%) 28
dbhi, FMOX & AGs TIXEAMHERERIIED b
hichb oo, HEFRRBEDLRAL» -1,

(4) MRSA

FMOX & AGs DfZAbLRBRIBWTTRTOBI
* LTBBIERA, ¥4 IPM/CS & AGs DL &
TRWTH 90% DERBIERMNED bhi,

3. IEFEEISRICAT B

S. marcescens T-55 =%t LT, AGs & B-lactams %%
NENREMF 200 UCER IR B4 O/
RIETHEYEERAE X v BE L, Fig. 1 R L
7=k 5w, BERRIE ISP 8 X UNTL 127 hFh
BECKE L TAEESEA L, 1 RRE» DEERR
HIERANR LR, Fo%hEi1: FMOX %2\ 1 IPM/CS
LD LMotz RIT, BIMFARCIIBEND 5 VI
ROHINERZRTIEBED AGs L f-lactams # A X
BAREOBIEMRE LY Fig.2 R Lk, WTho@ss
HRECEVCTHHRABRNFED LR, e FMOX &
AGs LofaGbENENRT W, i Th, FMOX

& ISP ofix&beir, FAFEAE 2 B cABR
BfARED 1,000 2 1 T4 Lz,

4. (THZBEBEC I 3HEBEE

S. marcescens T-55 1Zxt U CHIE TN FNEENE
RERTRED AGs L f-lactams  Th Fh B ¥ -
O L TIEA SRR & OB BE b & AR 2 R
L OBEL, FEHFEA4BRE D EE % Fig.3 TRL
2o W T, HEOEBLIECERCHEE LWL
PEEIhic, AGs fERRRCIINB LR &AL AED
HRerBEIh, FMOX fERRICITEGNE L VEE
{E23, IPM/CS TIXE & OERIR{EA D bhtz, —F,
AGs L FMOX #tRRIEANETHEL, FEE
R O—IARZERUL LicERRbhic, ¥1-, AGs
IPM/CS Bt RRFICIZERRIE LB L, BEECE
FoO—HHyZERUL L@ BB I his, ok 5B
BlLOBEER) 5L AGs & f-lactams & O OBH
TEREHRTHZ LM TR,

1. ®

B D f-lactams DBIRDOMESHITE LL, k0=

VYV VRe T = AREMETAS ST 28K A1
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netilmicin and imipenem cilastatin sodium

10F 10
8r 8t
6 6k
4 41
—OoO— control O— control
E —e— NTL 13.13ug ml) —e— NTL 3.13ug ml)
= Zp o= FMOX 10.10.g ml 2 A IPM CS 10.20ug mli
5 —a— NTL~FMOX . —a— NTL-IPM €S
: 0 L L J 0 L 1 J
o 1 2 4 1 2 4
“
% isepamicin and flomoxef isepamicin and imipenem cilastatin sodium
<
- 10
e 3
=
%
3
3 6L
n
—O— control —O— control
2L —e— [SP '1.56 ug ml 2l —e— ISP 1.56ug ml
—2— FMOX (0.10 ug ml —&— [PM CS 10.20 g ml)
—a— [SP+FMOX —&— [SP+IPM CS
O 1 1 O 1 1

1 2

NTL : netilmicin, FMOX : flomexe
ISP : isepamicin
Fig. 2. Bactericidal effect of n

J J
4 2 4

1

Time thours)

f, IPM/CS:

imipenem/cilastatin sodium,

etilmicin, isepamicin, flomoxef and

imipenem/cilastatin sodium in combination against Serratia

marcescens T-55

ARF AR EHF L2 1 TOERNES L, EH SR
T b,
FMOX 13, F&ik - Wit 2T 7 7 itk b

lUf%A@ﬁ%u%Apm%X«abw%ﬁfé+«
Y7 = A FRPUEME TH B, HHiIc, MRSA okt LEEF
D7 = XRYUEWEA L D CIE D BT RIm, 17

F 7 BT B HE I ikthn’m . BRECSUE D
IZEAERI VO LREEIN TV,

: K%%LﬁvftW&@ﬁ%m@ahtm MRSA
C IR H P 0 kR BB L AGs HAH UL
IPM/CS oz R e - 1o

FMOX & AGs L of)ffHITi%, S.marcescens (Zxf L
C TEREOERSEE R L, fHic, FMOX & ISP & ol
 ABbEITH TR Lo T o Mokt LT min-
" FIC index 0.5 LIF & B IEMERINGED bt =
DWF DK DR G I x I~ 7455, FMOX & NTL ©
BA1:32~32: 1, FMOX & ISP ool& 1:64~64:1
DECNIER A RT Bkr % Rbhit, S marces

11 512
R4

cens o HEGfHh £ v WA RE Uogs 8, checker—
MMdmmmnmamdkié%%&ﬂ%kFMOXg

AGs ($12 ISP) LtoflA bR TER - OFRR)
,k?b’?r?ty) bhﬁ:o
IPM/CS (3, imipenem 7> o §#3 dehydropepti-

—

dase-1 |2 X » AT &b Ehs 2 & & b,
DAFEVEAL 2 0HI T % cilastatin sodium %A U7- 3
KO Th b, Wil &G 77 2R LD 75 45
LA LIRS A~ 7 bA 2B L, i, o7
Vo BREE, WSEKE, BIRE B X O Bacteroides fradilis i
% L ceftizoxime, cefoperazone %D 3+ 7 - 4
FHEME LY LMD 2R T EREDO Th Ty
%o

AEBIC L T 3,

IPM/CS (¥ E.coli, S.marces-

cens, P.aeruginosa \Txf LEEN 7o YU N 2k L, %
#-. MRSA =xf L Tix FMOX X b ha kL
120

IPM/CS & AGs EnfffiTiz, AR LicvTFhol
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Control

ISP 11.56 g ml)

NTL 13.13 g ml)+ NTL 13.13 ug ml) +
FMOX 70.10 zg ml)

ISP 11.56 #g 'ml)+
FMOX 10.10 g ' ml1

IPM CS (0.10 g ml

ISP (1.56 ug 'ml}+
IPA CS (0.10 g ml)

FMOX : flomoxef, IPM/CS : imipenem/cilastatin sodium, NTL : netilmicin,

ISP : isepamicin

Fig 3

Phase-contrast micrographs of Serratia marcescens T-55

exposed to aminoglycosides and f-lactams for 4 hours

Lz LT BMANCIENPUE 38 L, % min-FIC
index 3, 0.45~0.75 oflific & h RIFTH 1o %
7z, S.marcescens Vit 3 B KN OB E L AT TG R,
IPM/CS &t NTL o#4 1:64~1:2 IPM/CS & ISP
DG 1:1~1:32 R IFRA %R ko< B
bitlss

S. marcescens T-55 123 % (HIEBAME 1< X 5 5E
BREITIc -1k, FMOX 23@ifka 7 4 5 4 v Mb
T 5D L ix A IPM/CS 13 A A ERIR L Lo &
UL 77 ARBIERD <=2 vEEiGEKE (PBPs) cxt
LT, FMOX (3fREERZBIS-4 % PBP-3 iZifiu f4
EBFIE 771005, IPM/CS (345 5§ O T BB F7 3 £
4% PBP-2, #fifan MEMRKD 4 v 1 FEBGICLIE
PBP-1A L0 1B (ISl R 24T 5070 &3
xbfin, £, AGs LffF Lics, FMOX %5\
1x IPM/CS = X btk MBS B ik BRIRME T 5 &
EBC, WoFEMENZEAL LT AGs DIER%Z 3
<7eh, Who—HZEt, XOICIBHCESL EE2
bha,

77 LaVEARE 5 X O MRSA 1cxf3 % AGs & p-lac-
tams Lo in vitro ORI OV THRES L7z E,
W ORI LTS HITEMR S 5 ikt I ERA AR
HHN, EHERRRS Bk -1, i S.marces-
cens 2%y LT FMOX & ISP % 7-1% NTL & offfHic

FOTHBGCHEERR2R LcZ &, BEROSBICR LT
L IhLEROIHICL 2 FMAENUIEI s b0 LE
zbh b,
3 ik
D KAFHK L HA), %R & KBET &%
R : Netilmicin ¢+ 7 . 2 RFEWHEL O in
vitro PEFA%HE © B 7, Chemotherapy 37 : 115
~124, 1989
2) EICH @ P4 WE o OF FERE < B3 5 KR
9g—Serratia xt+ % B-lactam H| &7 3 /&
HfA# o ff fl—, Chemotherapy 35 : 803~816,
1987
3) BH R SRNEE T B R o KRR
—f IR 1= >\ T—, Chemotherapy 35 : 889
~903, 1987
4) LEBEL M, PELLERIN M, BERGERON M G:
Serum bactericidal activity of ceftazidime in-
creased by netilmicin. Drug Intelligence and
Clinical Pharmacy 19 : 932~936, 1985
5) FAEBEETF, PEH FE O RRYSE 0 BB LR
B9 % 7% W B, J Antibact Antifung Agents
16 : 177~184, 1988
6) FEFFRZE, KEMET, suLfEsk, LTad B
FFHRHE © %7 L\ oxacephem R4 6315-S
(flomoxef) B3 % MR 3F {li, Chemothe-
rapy 35 (S-1) : 57~75, 1987
7 WEEFRE, hRFA, ERERE REEE K
M, AU HEHE : Imipenem (MK-0787) O
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in vitro HLE ST >\ T, Chemotherapy 33 (S 11D #tHE & SHABTF, FHEF, mEER:F
-4) : 74~90, 1985 oxacephem 6315-S (flomoxef) D REEBREANITE
BAERERYES MIC JISEHRFTEAS &/ 43, B-lactamase LEH, fEHEAR=v ) VES
Sy IEMmE MIC) HEEBHIT T 2 v T, EHCPBP st 5 BEH, W LCMEREEE
Chemotherapy 29 : 76~79, 1981 MR E DHHUERE - LR EH. Chemotherapy
KauaN F M, KRropp H, SUNDELOF ] G, 35 (S-1) : 33~43, 1987
BIRNBAUM ] : Tienamycin : Development of 12) B(E &, AU, SARBRTF, FHITTF, MEE

imipenem-cilastatin. J Antimicrob Chemo-
ther 12 (Suppl D) : 1~35, 1983

HEAK, HEIAK SEHREE LF-F:
Imipenem/cilastatin sodium (MK-0787/MK-
0791) © HE G M B 1 X3 % $TB§ /o Chemotherapy
33 (S-4) : 1~13, 1985

1t : Imipenem (MK-0787) o RBE NI E
#, B-lactamase RIFIEH, _=vV) v &S
EHRMERO Y ADOKE BT ATy 2 — FIRK
T+ 5%EH, Chemotherapy 33 (S-4) : 43~53,
1985

IN VITRO SYNERGISTIC EFFECT OF
AMINOGLYCOSIDES AND p-LACTAMS

Hirosur Kami, Takesur SuiBanara, HirocHika MATSUSHIMA

Research and Development Laboratories, Schering-Plough Kabushiki Kaisha,
1-4 Sasagaoka, Minakuchi-cho, Kouga-Gun, Shiga 528, Japan

Takesuar NisgiNo

Department of Microbiology, Kyoto Pharmaceutical University

The in vitro combined action of aminoglycosides (AGs), isepamicin (ISP) or netilmicin (NTL),
with B-lactams, flomoxef (FMOX) or imipenem/cilastatin sodium (IPM/CS), was studied against
Escherichia coli, Serratia marcescens, Pseudomonas aeruginosa and methicillin-resistant Staphylococcus

The following results were obtained :

1. The antibacterial activity of each antibiotic by itself against E.coli was strong.
2. Synergistic action of ISP or NTL with FMOX or IPM/CS was observed in all bacteria, especially

marcescens.

0.272).
3. With each combination bactericidal activity was observed in S.marcescens T-55 at concentrations
in which the respective drugs alone showed only bacteriostatic activity.

4. Phase-contrast microscopic observation of S.marcescens T-55 demonstrated that the bacterial
cells treated with FMOX showed a filament-like form, those treated with IPM/CS a spherical form

and those treated with ISP or NTL almost a normal form.

observed.

The combination of ISP with FMOX was most effective (mean minimum FIC index :

With each combination lysed cells were





