CHEMOTHERAPY
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12 Piperacillin, Mezlocillin &M\ FBHPLR LI, ¥, REMBICIT 28N TI2, Pipera-
cillin & Norfloxacin 2\ FhOBRICH LT LIRMICIEM Licat Ofioxacin TIRBROLBHRY
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JAN. 1987

Penicillin #EHX, *0OEhLRABED S\ 2K
WHEAX2 F 7 AR DKAShTEY, ¥ :Pipera-
cillin 7 & o penicillin #lix Pseudomonas aeru-
ginosa, Servatia marcescens ¥ &b b BHRLE
REOERBL A HHBEC L TLOHBMAI + 7 4
BRI, ¥h, T X5 RMRECS LT penicillin
FR L Lo HER L oAb TRY, &
Db EAREYRET ST ¢ ) RBMGRALR L 0
FAEMELT, tORAELTRT3BETSVIY,

%, EEMRE Rt €Y Fuaa Ry RRAEA
2, %R0 Nalidixic acid FHMAC L~ THENE
WL, 7 REERRERICERT > RO HT
BEEoTo LirLigsih penicillin REME €Y ¥y
Hor R VRREH L OGRCKT 5 RERED THRuL
FERNLTHTOBBY FELR, €V Fvars
YRFRERO oW HABAER L, penicillin F
ERLOGAY in vitro B IV in vivo KHEWTR
2, BRDHMALWIOTRET 5o

1. RBMEHELUHE

1 AR

Piperacillin (PIPC, LI{L¥TH)

Mezlocillin (MZPC, REHBTH)

Ampicillin (ABPC, EI{LET %)

Carbenicillin (CBPC, HRESLE)

Ticarcillin (TIPC, & —# 4 A%&H)

Norfloxacin (NFLX, #H#3IE)

Ofioxacin (OFLX, #—$i%)
2) @AEkS XUEFEMO MIC (Minimum Inhi-
bitory Concentration) DOME

BLLF TREAVRARE D BRI, S. marces
censdl BkE LIz, EEMO MIC MEC Do Ti
BERLFREFLEMME CE S TT k-1 Thb
% Mueller Hinton Broth (MHB, Difco) Ik—ZUSR L
PEHD 10 KR (10° CFU/ml) % Mueller Hin-
ton Agar (MHA, ®PHL%) 1®ML, 37°C, 18 B5H
HRL, HEMD MIC 2WE L1z

3) Penicillin REM & €V ¥ v # v BRAEA

@ in vitro GHABHROKH

MOELERING & KROGSTAD 6¢ o fjikic k5%,
Checkerboard dilution #iZX 9 fTizate Thbb
penicillin REFF LV Y Fvha £ v BRAERAD &
BED 2 ERRFFVLECICBAEbE IRy MHA ¥
WEAVTFML, MHB T—#SR L7 @0 10
FR 10°CFU/mD) ¥ 1 HLFHML, 37°C, 18 B4R
B, EHRFMBS XUGHABOZEMD MIC ¥R
E Ltz GHAZRGERFD MIC & 2 MGHA LIBD
MIC %5 Fractional Inhibitory Concentration index
(FIC index= il D A D MIC/A F#i 3> MIC+ P
FREF D BHID MIC/B FMED MIC) %R T ZINNER
57 OFBIE1 LD PSCBELHEHE, 229
KECBEEREMEAL LI

4) BEHBCRETHADR
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PIPC & NFLX #%X0° OFLX oftficm L, S.
marcescens W-58, W-61, W-139, W-150 o 4 #ic>
WCRM 47/ > 7o Heart Infusion Broth (HIB, 4
TP TRERLAEE Y HIB gk, Wi
# 10°CFU/ml I fro7e& ¥, PIPC12MIC % X U
NFLX, OFLX 1/4 MIC, 1/8 MIC # %44 b2 T
WML, 87°C TIRE SHM L 3, 5 BEMIMICERER
4@k Heart Infusion Agar (HIB, SBFEE) %L
BE Lo

5) B-lactamase {EPEBIE

S.marcescens W-58, W-61, W-139, W-150 o4
HEAERERE, EEREML BHEKOBLO LW
(10,000%g, 30 £ EHMMRH L L1, f-lactamase
T E 7 72— FEYCRIE Lico BERIEH % unit T
FbL lunit i3 buffer (pH 7.0) & 30°C 14Mic
1pmol DER (Penicillin G) FHASMT 5 DI BT
KRR L Lo

6) NFLX IoX% A-lactamase DiGMEIA%

S.marcescens W-58, W-139 ¥i# i\ 7= log phase
10° CFU/ml) o HIB %¥% 10ml i NFLX %440
12, 14, 1/8 MIC 5Rm L, 2B5M(FRA XL ® D
frlactamase #Et% 1mg protein B7h @ p-lactama-
se Eitk NFLX SEMOBE & HB L1

7) S#HPTO PIPC BAFEHICRIET NFLX 0

jZ

S.marcescens W-58, W-139 $k# ML 7 log phase
(10° CFU/ml) o HIB Eigic NFLX #&#igko 1/4,
UBMIC L, 285R1E TIFAS@AL &0 PIPCR
FEEYWERE 7 2 <+ 757 4 — (HPLC) (=Tl
Ll HPLC @ condition {34k D) Th %o

Elution buffer .

=Acetonitrile : 1M &M Na buffer : 1M Kl
=220:20:1

Column : Nucleosil RP-18 Cyo

Fis# : 1.5 ml/min
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detection : 254 nm

8) MIMMBMBIC X 5 Mg

S. marcescens W-139 #i# fi\», PIPC & NFLX ot
RRBL T atso 254 F#' 5 A LI hiEs XU
RSLLBROKMEH 7 4 1 2RKEH (HIA) 2fE
Y AV LOWHD | HRF 75— # 5 ATk
L RRERASRTAS 7, v CREYHALL, &
ORELETAERYE (BAXE) CTRELL,

9 v AMEENBRICK T B O RBR

SLC/ICR Rl v A, 4:8M, 19=1g %18 15
TECHIV o S. marcescens W-58, W-139 #k# RRIuaic
JA\,, PIPC & NFLX 0 in vivo GiRZyBER8H L
2o HIB T—PH LI MYE ¥ 5% Gastric Mucin
CEFFEE) 1B L, S.marcescens W-58 #ix 2.6x
10" cells/mouse (4.0 MLD), W-139 #i% 5.0x107
cells/mouse (18 MLD) % A i lEHEM L1z, ¥
RTIEZ 1.3 BRI%C, PIPC R MK THY, NFLX
i 0.5% CMC B&H- TENHS L L, ThEfhliy
BB\ PIPC & NFLX % 10:1 icfHAT 50
BRI, BT HEDO Y AEFRN S EDy 5 LT6
&R A % LITCHFIELD-WILCOXON® Mo X b HH L
2o FRIDBHAZRIL KAWAKAMISO DF5 i L8
it (synergic ratio) XA TRBF Lico

_Da 1 _ R, Ry
=D A=ty le
c c,
h=t+a R=Tag
Do : GHRZRI M TH S & LTRD?: EDg Dit
it

Dy : R EDyo OSBRI
D,, D, : E#Hi#|D EDso
C,, Cy : PHAIRED 2 EHIDLLER
BHAZRTARR IS 1.0 ORI, 1.0 LLETH
HGEREER, 10 UT THIEHERIFAL Lo
I R % # R
1 &EFKTD S.marcescens OFEE

Table 1 Comparable activities of antibacterial agents against S. marcescens

(41 strains)

MIC (pg/ml)
it
aeents Range 502 inhibition 90% inhibition
PIPC 0.39- 6,400 9.0 2,100
MzprC 0.78-26,400 18.5 3,000
ABPC 1.56-26,400 3,200 26,400
CBPC 1.56-26,400 3,200 26,400
TIPC 1.56-26,400 23,200 26,400
NFLX 0.05- 2 0.19 7.7
OFLX 0.1 25 0.33 3.8
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Table 1 I & KH|D S. marcescens 16 ¥ 5 M7
#EHD MIC 4, MICy XU MIC, TRL
120 MICyo fiIzo\TH % & penicillin RHAERITIX,
PIPC, MZPC st h ¥h, 9.0ug/ml, 18.5 ug/ml
£ @hicflk R Lt ABPC, CBPC 3 kv TIPC i
3,200 pg/ml Ll ECRHECH >0 X2, €Y FYAN
# v BRMEA O NFLX, OFLX @ th¥h 0.19ug/
ml, 0.38 pug/ml %L PIPC, MZPC X b fEh i
L2 %

2) in vitro GHABR

Penicillin RHEH & ) ¥ v 54k Y BRMFY
B4 L1cBRo, FIC index 35 X OHIRIEA &R LI
% Table2, 3 IZ/R L1z, Table2 icikLfc NFLX &
penicillin FAH & © KM oHR TR PIPC A FIC
index Ol 0.84 LI, MRIEM AT LIKED
#AT 63.4% LB/ L HGHMREAERL KT
MZPC, ABPC DT~ %, Table3 i/ L7z OFLX
& penicillin RH4EH & OMA TIX, NFLX & otA
OBEL Db EDOBNIFMILFE, 21 LinL, PIPC,
MZPC, ABPC T ffRZHRDH -1tk L BDON
F2o 7585, ERIILRE LA - 7%, penicillin RIE
FEEY Fun ik BAAEH L 0N THRIFRY
R LIckRiE I - 7o

3) BEMRCRETHHRABHR

S. marcescens W-58, W-61, W-139, W-150 0> 4 8
Hicxtd s PIPC, NFLX, OFLX Hifhis X OGHAB O

MR Fig.1,2 KR LI, ¥1z, SO 4KEHTS
PIPC, NFLX, OFLX ® MIC {li# XU p-lactamase
% Tabled wRLf, NFLX, OFLX ¥MEHT
14 MIC, 1/8MIC BRI 22 WAL L OMKIC
BT HIR LA ERMIFMLREIch » 10 ¥ PIPC
WHT 12MIC MEXFAELLREREOEETE
MEECER Lz, —%, PIPC & NFLX %fFZ¢
1B f, WTFhoRKICKLTOEROR LVRIHE
»oh, UL sHRHEABDHOAT: (Fig.1)o ¥
t2, PIPC & OFLX 0ftfiTit, W-58, W-150 1cff
JIBBH RS Htoht, W-61, W-139 TIRZRHED
bhih otz (Fig.2)o

4) NPLX icX% p-lactamase DEMME®

NFLX %#mmL7cv#& & NFLX % 1/2, 1/4, 1/8
MIC ¥t L7=#& 0 f-lactamase EEOI&K ¥ Fig.3
7R Lizo S.marcescens W-58, W-139 L~3h b MIC
MELIT© NFLX T#) 30~60% EHEORYHBDH
hte,

5) Kt To PIPC RMFFiEHE i< RET NFLX

L2

NFLX %ML\ #% & NFLX % 1/4, 1/8MIC
WL 2o BE O BIFENE % Fig 4 ISR LIS S.omar-
cescens W-58 %4, NFLX %Mz fe\ T2 BRfFA
X@fe & 20 PIPC BRFERIZY T8% THhoIon,
1/4 MIC ®EED NFLX %GR 5 L) 0% LREX
it Fzo S.marcescens W-139 ¥kOBE b AEEOH

Table 2 Combination effect of antibacterial agents and NFLX against

S. marcescens (41 strains)

agents FIC index No. (%) of strains

Mean Range showed synergism
PIPC <0.84 <0.19-2.0 26 (63.4)
MZzPC <0.9 £0.31-2.0 23 (56.1)
ABPC s1.20 50.382.0 25 (61.0)
CBPC <1.85 0.51-2.0 2(4.9
TIPC <1.56 £0.38-2.0 8 (19.5)

>

Table 3 Combination effect of anti
S. marcescens (41 strains)

n FIC index of <1 represents synergism.

ibacterial agents and OFLX against

FIC index

No. (%) of strains
agents y

Mean Range showed synergism
PIPC 1.15 0.38-2.0 21 (51.2)
MzPC 112 0.38-2.0 22 (53.7)
ABPC 1.12 0.50-2.0 19 (46.3)
CBPC 1.53 =0.38-2.0 12 (29.3)
TIPC 1.50 0.51-2.0 9 (22.0)

An FIC index of <1 represents synergism.
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Fig.1 Bactericidal effect of PIPC alone and in combination with NFLX
against S. marcescens

W Wl NET LREY

2
B
* Jower it of assay
Conrol 1:::: 12 \‘I X1 FLX 1 M
0= PIPC T 2MIC  NFLX 1 4 MIC —e— PIPC 1 2MIC T NFLY | §MIC

Fig.2 Bactericidal effect of PIPC alone and in combination with OFLX
against S. marcescens

Twne e
* dower limit of assay _
— Contrul - |-‘ux 12 I _._H]ll];:\ PAMIC g r‘xlr N 1R
=0 PIPC 1 2MIC - OFLX 1 4 MIC =0 PIPC 1 2N OFLX 1S MIC
Table 4 Antibacterial activities of drugs against S, marcescons
and activities of 2 lactamase
MIC* (ug/ml)
No. of strain # lactamase
PIPC NFLX OFLX | (unit/mg protein
W 58 400 6.5 0.78 "2
w61 50 3.13 0.39 118
W-139 200 0.39 0.2 10.5
W-150 50 0.39 0.2 150

* 10%cells/ml
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Fig.3 Effect of NFLX against f-lactamase of
S. marcescens

0.05 0.1 05 1.0
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it
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Fig.4 The relative rate of residual activities of
PIPC alone or in combination with NFLX

100 100

S.marcescens

S.mancescens
w58

W-139
2
g
&
60) 60}
&
1 o)
ime (hr
IC+ NFLX 1/4MIC
e vm, \ wuL +NFLX 1/8MIC
[ &7 L

6) (ISR X B Mg

in vitro T PIPC & NFLX 2HIEZR AR LI S.
marcescens W-139 i fiivte, = ofkic NFLX1/4
MIC High, PIPC1/2 MIC Hiflt, %\ ikl 2 0f L
T 5 RMIER S 7 & & OB AL &
Wil Ltco NFLX B TidfE 7 4 7 2 v MELAf
REBhBH, T T B L Ml b Bobhi,
PIPC Hi#hTh 7 ¢ 7 £ v MLOREER NFLX X 0¥
Fifiv 2t —IBICTE Licfilansiige S hi, —J5,
Z o2 WFEOHH LIS AL, b7 4747 ML
LAl BAAl LAl & % W33 T i Lcfilia e
Eavg s h, MBS OFZRARD Bt

) v ARREPIRERIC KT 2 O AR

in vitro T Bz NFLX & PIPC Oz R %
= ABIEPRRIC I TR LT

Fig.5

S. marcescens W

JAN. 1987

Fig.5 Morphological change of S.marcescens
W-139

Control

NFLX alone
1/4 MIC
(0.1 pg/ml)

PIPC alone
1/2 MIC
(100 pg/ml)

NFLX 1/4 MIC
+

PIPC 1/2 MIC

58 MY~ v AT % PIPC, NFLX oM
EDyo (34 % 4.6 mg/mouse,
(Table 5),

F1e, WiAIOHAREO EDs %R 7z
mouse T~ 1z, S.marcescens W-139 &4
LT b [ific PIPC, NFLX Hgh 5.8, &5\ (x|

0.17 mg/mouse

7 0,46 mg)

e v Al

PERBED EDso ZRI=LZH, % h % h 14.2mg
mouse, 0.58mg/mouse, 2.02mg/mouse T & - 7=
(Table 6),

%7z, Table7 1 KAWAKAMI OJjkic & - THiMH L
L5 DML TE LTz, S. marcescens W-58, W-139
+% PIPC Lt NFLX {ffRFOMEHIZERZh
1, 2.24 LHIRIHTH Y,

in vitro LA in vive

T PR R AR L7
1. # =
€Y F v v BRI, RIS A
BB AL EHERIN TH 5" —J5, PIPC g &>

penicillin FHAA o> f-lactam #|o> cephalospo-
rin, cephamycin RHAFN & [k, £ D% EVECHHELT
M, WECHE A2 b7 A LD, BUERRRERIOE
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Table 5 Combination effect of PIPC and NFLX on intraperitoncal infection with S. marcescens
W-58 in mice
Group Antibiotics MIC Cnmbu,alian Determined EDso | Confidence limit
(ug/ml) ratio (mg/mouse) (P=0.05)
1 PIPC 400 - 4.6 (2.7-1.9)
2 NFLX 6.25 - 0.17 (0.10-0.26)
3 PIPC+NFLX — 1001 0.46 (0.26-0.80)

Challenge dose ; 2.6X 10 cells/mouse. (4.0 MLD)

Therapy ; PIPC, sc. injection at 1 and 3 hr. after infection.
NFLX, po. administration at 1 hr. after infection.

Table 6 Combination effect of PIPC and NFLX on intraperitoneal infection with S. marcescens

W-139 in mice
Group Antibiotics MiC Combil?a!ion Determined EDso | Confidence limit
(ug/ml) ratio (mg/mouse) (P=0.05)
1 PIPC 200 - 4.2 (9.8 -20.1)
2 NFLX 0.39 - 0.58 (0.41- 0.83)
3 PIPC+NFLX — 1001 2.02 (1.4-2.9)

Challenge dose : 5.0 10" cells/mouse. (18 MLD)

Therapy ; PIPC, sc. injection at 1 and 3 hr. after infection.

NFLX. po.

administration at 1 hr. after infection.

Table 7 Synergistic ratio of therapeutic effect of combined antibiotics

. 3 Hypothetical EDs; | Confidence limit | Synergistic ratio | Confidence limit
Strain | Combination ratio | " jmouse) ()| (P=0.05) (D./DJ) (P=0.05)
Smarcescens | PIPC+ NFLX 1.3 (0.83-2.2) 2.9 (1.46.0)
W-58 0:1)
S marcescens | PIFC+NFLX 453 (3.2 -6.4) 2.2 (1.43.7)
W-139 (10: 1)
Hypothetical EDs, in which additive effect of combined assumed.
WREDTBD, T, HAEH &HEHOUATER to EbIT, T AMBEARRICHT B in vivo HHA
Mich Wi Ligfficbh T h, f-lactam FicBLT BHRLBHOAI,
1%, aminoglycoside RUUAH & OOHMIBIT BHERE) £o5C, NFLX®W, OFLX {2 DNA Gyrase 0

BBVITRBREEEILSE Y, L 2B, penicillin
FERE €Y ¥ vn vt v BRGER & OtHAIBT 2
BERB LA L5V, £ TEEDIE, S0 penicillin
RUERE € ¥ v n £ v BRAEF OB RBRIC>
W, BEKMED S. marcescens T in vitro, in
vivo TR L1co

ZOfR, in vitro VT, PIPC, MZPC,
ABPC » NFLX, OFLX t{tABFLRL®TL,
TIPC % CBPC {2t O#R1§ah T ¥7 PIPC &
NFLX oftfFsic s 2 BEIEAIC 53328 b 2
bRBEEEC S T O ABHRIBES hic Tl B
R0 PIPC DRFEML NFLX 10X » Tibbh
T, AR DL, MIC@ELTFO NFLX i<k
h, S.marcescens O P-lactamase FFEHILIML HH TV

subunit A 0 inhibitor %, DNA o supercoiling
WM IR By 5%, DNA o replication % transcri-
ption % A%+ 5 K THB. HHK, & O NFLX,

OFLX iz @\ HEER% AL TsY, AL S.mar-
cescens 1=kt LTD MICy 12, %4 7.7 pug/ml, 3.8 ug/
ml Th-to —7, penicillin RFEH 5 Fiz, £l
i b ST H & ABPC L X0 ureid HBHT
#% PIPC, MZPC & TIPC, CBPC Bficfrdoh
Bo WEEHNOHRD L, WP LEE MIC 5T fila-
ment-lysis &iR$ DIkt L, %82 spheroplast {R% &
hFus, ¥, S marcescens it GNR (7 7 4[atER
W) Thh, CSase wEETHH, % {HBIC plasmid
o> PCase (PCase type 1) *REBficEET 5LV b
h'9, = B-lactamase (%, TIPC, CBPC ¥ f# Lic
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<<, ABPC, MZPC, PIPC ¥ M LETL b DTH >
P20 in vitro i3\ BOHAAEA, TIPC, CBPC TH
< ABPC, MZPC, PIPC TH#i< Blbh 5T LOMIBE
LT, €Y Fynady BRKALMREER LI,
ABPC i EDRMUBHF BT LIk BELHX bR Do
FRWH, AR KRBT NFLX 52
B-lactamase DYEME G L, PIPC OMEhT 1%
SRR b,

BRI, (AR RENERE T TRADR IO ARSI
Rbh s EERS KRNI CBLEE hize Thbbt
FOWFIROVTIE, 1) f-lactam Flick h &) Fvn
AR VRREHD LY S EReT BN, 2) €Y

¥y v BAERIC X 5 Bokdt o& L', 3) bt
FcX 5 f-lactamase WOZIL, 3) BB 1)~3)

Dl

@
<

7

RIB—: —KEMc 3T 5 BRE DO BE & i#
O WRBHNX Do W 33 MAKLEMEFR
HAKIBBE, 1 7=y I/rv77v /2 (X
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COMBINATION EFFECT OF PENICILLINS AND
PYRIDONE CARBOXYLIC ACIDS AGAINST
SERRATIA MARCESCENS

Kazuo Funmaki, Yasusur Ikepa, Masaniro TAKAHATA,
Kazumt Muro, Taxasut Yasupa and Isamu Sakawa
Research Laboratory, Toyama Chemical Co., Ltd.

The in vitro and in vivo combined anti ial action of penicillins and pyridone lic acids
st clinical lsohles of Serratia marcescens were studied. The combination of norfloxacin or
ofloxacin and pi or locillin exhibited istic activity in checkerboard dilution method
The ination of pi illin and £l i ;howed markedly lyn:rgmlc bactericidal activity.
This ism wa: d to the ph: n. The istic activity

of piperacillin -nd norfloxacin was also observed in protective el'(ecl against experimental infection
in mice.





