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Piperacillin & B-lactam ¥ in vitro (f)| 4 W

It R S SR (R /S
RE BE-®mHA YT B
WUHLET R XM AT

(M 59 f£8J] 16 A-E ()

Piperacillin (PIPC) & fli> S-lactam | & o in vitro (IR E BN L 70

1. Enterobacter cloacea H-27, Proteus vulgaris T-178, 35 X 1% Klebsiella pneumoniae Y-4
% i\ 7= Disk approximation test D&;RM 6, B-lactamase % WHMICHEA: T2 E. cloacae H-
27, i HNZ P.vuigaris T-178 CTIXRM L1 25 © S-lactam Fo Y814 1A PIPC - 4f LS
BIlER T3 LSS ITIE 5 1o MRS Penicillinase %432 K. pneumoniae Y-4 Cit.
PIPC & fh> B-lactam F|OMWCHEERIZE D Lhieh -1,

2. Disk approximation tast {Z i\ 7= 25 F D rhAs & Cephem %5 #|(Cefazolin (CEZ), Cefmetazole
(CMZ), Cefoperazone (CPZ), Cefbuperazone (CBPZ), Latamoxef (LMOX)) % #t*, PIPC &
DHEYEA Y Checkerboard dilution method T X &ic#MicM L7, PIPC & CEZ, CMZ o
Hl42 T2 Escherichia coli, K. pneumoniae, P. mirabilis THERRI HTEicBdLRI,
¥7:, B-lactamase *FMAIC# £+ % Enterobacter, Serratia marcescens, indole [§}{}: Proteus
B, Pszudomonas aeruginosa T\ 25~T72% DR TERLFMIEAIBH SR, —)j, PIPC
& CPZ, CBPZ, LMOX D#l &R TIRARLITRTD 7 5 ABERKICH L THis JORA RO
BAHENVMEFE TS LR, 75 LBEE D Methicillin (DMPPC) K& 2 ¥ & Staphylococcus
aureus X Streptococcus faecalis (=%t L Tix PIPC & CMZ, CBPZ, LMOX tonfig¥ T 37%
B EDKRTHEER,ZD NI, DMPPC fitf: S. aureus izt L Tix PIPC & Cephem %5 %#|
LDRIT 60% LI EDOKRTHEIEALZED LRI,

3. HERIVHEROTMFAIIREMRICIVCTLRES RIS,

4. E. cloacae GN 5797 zxt+% PIPC & CMZ DEHIERORHMS, {LHERORRKE L
T Cephalosporinase D&Mz X % ERDOAFELILHE S hic,o

marcescens), Pseudomonas aeruginosa (P.
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aerugi-

in vitro, in vivo k5 X VEEKRXEHBELOBRE N B
BN, L LehibiEE, %< o B-lactam A%
Sh, BEROBiz I\ T B-lactam F|fI D §f A AR IC
fikbhTwabhbhbb ¥, TOLBIBRIIRA
FEADISBbh b, £ TEES124ME PIPC %
RY, fio P-lactam #| & o in vitro SRR, 756
UREDFABF DLW TLETORF LML e TH
%Tbo
I. HE&ELTHE

L (fmE

WEIRFEHEL X b 3l X o F A0 8 B 274 Bk BRI Bt
Lic Escherichia coli (E. coli), Klebsiella pneumo-
nige (K. bneumoniae), Proteus mirabilis (P. mira-
bilis), 1 ¥ — L B8t Proteus | (P. vulgaris, P.

morganii), Enterobacter, Serratia marcescens (S.

nosa), Staphylococcus aureus (S. aureus), Streptococ-
cus faecalis (S. faecalis).

2. (ER¥EH

LAFic7r$ Penicillin & 11 &, Cephalosporin % 11
#l, Cephamycin % 3 #|, Oxa-cephalosporin % 1 %
A L1,

Penicillin ; Piperacillin (PIPC, ZIl{t¥ T %), Am-
picillin (ABPC, EIL{t%¥ I %), Mezlocillin (MZPC,
HEMIE), Carbenicillin (CBPC, kiR % T.%), Clo-

xacillin  (MCIPC, 7 iR % & T ¥), Sulbenicillin
(SBPC, B HIEMILH¥), Penicillin G (PCG, BiE
¥), Oxacillin (MPIPC, ##&HIK), Methicillin

(DMPPC, #%®%), Dicloxacillin (MDIPC, #%HH
3), Ticarcillin (TIPC, & —F + 4%EF)o

Cephalosporin ; Cefoperazone (CPZ, & |ll{t*¥ T
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#), Cefotaxime (CTX, rlisti#), Ceftezole (CTZ,
AU H), Ceftizoxime (CZX, MR ¥5) 1.3%), Cefazo-
lin (CEZ, I3KA\ T3, Cefmenoxime (CMZ, K
MR TR, Cefsulodin (CFS, K IAHKH T %), Cefotiam
(CTM, 414K T%), Cephalothin (CET, #f ¥F #
44 %), Cephaloridinc (CER, Mfii#4/), Cefuroxime
(CXM, #iB AN,

Cephamycin ; Cefbuperazone (CBPZ, i {LI4L"
#), Cefmetazole (CMZ, :Ji), Cefoxitin (CFX,
B,

Oxa-cephalosporin ; Latamoxef (LMOX, Mi#F#%
%),

3. ftRERORN

i) Disk approximation test (L4757 4 A 7 #)

SanpErs Bk BFIZ LI, PIPC 0F 4 A7
&I I F 30mm ORIAEHBHRTS L 5 ICRE
L, K. pneumoniae Y-4 T 250 pg/disk, E. cloa-
cae H-27 3 XU¢ P, vulgaris T-178 —Tit 25 pg/disk
L Lt BHRAEHOTF 4 2 7R ERXEIEFI R L
KIS D 058 AN 2 v Tk
250 pg/disk % EfR&E Ui, i EicfHARRO T 4 A
7% PIPC OFHEhHIEMARL 0L MHMilic BE,
37°C, —mi&tk, PIPC OfHILME» 3mm LI EHL
KL-BEYBERIEM, AR 3mm LLERN LS
BRENFERLHE L (Fig. 1o ik Heart
infusion agar (HIA, $&#f) i BB EE AL 106 cells/ml
ChdXOREHEYBEALCLOXA 12,

ii )} Checkerboard dilution method

MokLLinG & KRrogstap HDHFENCHE » TiTe >0
FWREY X7 + vK, %7:4% Brain heart infusion broth
(BHIB, HK) T—®igHHE, £HEAEAKT 10°cells/ml
HRL, FHKS%H Miller hinton agar (MHA, &

L
m .
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W PRE: 27075 v 8~ GEAMBER L8
T 1T (i 0.005ml) M L Ao 87°C, 18 BBk
W, BMANORHNLE s v BUNREY MIC 3
i BHHZIRE Checkerboard H & FRRIC/RT iy
Fractional inhibitory concentration (FIC) index %%
%, 0.5 LAFOBAYHEFM, 4L EriErmLy
WLt

(A#| &L BRIOBEAD
MIC of drug A in combination

MIC of drug A alone
+ MIC of drug B in combination
MIC of drug B alone

W) BRHRCRIETE

Bkt HIA FH L2 T - pU%E Rk, 104~108
cells/ml &7¢% X 5 i Nutrient broth (NB, %9F) ici¢
ML, EFLHEMLI, %Mt Checkerboard dilution
method THRAFICHIRI X UEHIEMELR LI PIPC L
CMZ ol &5¢% RV, S. aureus F-188 -Cit PIPCO,2
pg/ml (1/8MIC), CMZ 0.39 gg/ml (1/4 MIC), E.
coli TK-4 iz PIPC 0.2 pg/ml (1/4 MIC), CMZ0.2
pg/ml (1/4 MIC), E. cloacae GN 5797 i3 PIPC 12,5
pg/ml (8 MIC), CMZ 25 pg/ml (1/32 MIC) TfeRix
&, ERICENEYRE LI,

$EHiVER %R L1 E. cloacae GN 5797 o4, fls
(ZHitheh p-lactamase &#E, ¥ X OEREPEMREL
BIE Lt Mtk B-lactamase i3 Sonic e:m'amt
Ao #e:T, RAHREY Bovine Serum Albumin (¥
7<) % standard } 4% Lowry :CH%FEL, Likh
TEbL1,

¥, GROCY L 7Y v 7 LR (0.5m) £
BHiRAED 4 2 7 — A%k, 3,000rpm, 20 HiE
LL, EEPOENBREYHERGI o< 7774

FIC index=

Fig.1 Disk approximation test. E. cloacae H-27 was inoculated into HIA plate to give an inoculum
of 10% cells/ml. Lower disks contained 25 ug of PIPC.

A

B

(A) Synergism : Upper disk contained 250 zg of DMPPC.
(B) Antagonism : Upper disk contained 2.5 ug of CMZ.
(C) Indifference : Upper disk contained 0.25 ug of CPZ.
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4, p-lactamase assay

pactamase #EHIX UV B, RI ¢ mw—y
RS Li- 80°C, 0.05M phosphate buffer (PB,
pH7.0) #T1 M 1umole DERLLIMTB DI
PELMRRY lunit &L,

5. A2 =< 227~ (HPLC)

PIPC, X0 CMZ BRERREHKE I v =72 7
(BRSUERT, LC-8 &) AV TRIE LI, BEME L
< LiChrosorb RP-18 ¥ fi\», $5R)fix PIPC 04,
7eb=FY A (220ml), 1M &R Qéml), 1M + Y
=7 ¢ v« HERER QTml) OREWICEAK L I
% 1,000ml & LB BV, ¥, CMZ IR
7t r-F Y2 OR% 145ml & L7, MERBAT
fit\, K 2mijmin & L, #Hi2 254nm o UV R
ROWE T > R0

6. (rEEENRIC L S OB LORE

NB C—#iE® L7 E. coli TK-4, X0 E. clo-
acae GN 5797 OEiyk*%* Heart infusion broth (HIB,
B) T 100 f5ERL, 37°C TR 2FMIRE T TioL,
NEHAP L > ERDO 1 A2BXAFAI VY52 L
fEf LA 44 HIA Ere@Ek L, 37°C TRk
EEENE (BAXS) 2 X-> THEE YRR L:,
¥HMEL Checkerboard dilution method 1= X » THH
RS XUEHFAYR LI PIPC & CMZ 04
*% RV, E. coli TK-4 Tiz PIPC 0.2 ug/ml (1/8
MIC),. CMZ 0.1 pg/ml (1/8 MIC), E. cloacae GN

5797 ©ix PIPC 12,5 ug/ml (8 MIC), CMZ 25 ug/ml
(1/82MIC) Tffle 1,

7. B-lactamase PBMIEN:

TOIRME LR TR, BRI O—A Ny
HIB T 10 % RL, 87°C, 2 SNIRiR%, 2 KA
10 pg/ml % fn X HIC 2 PRI I L oo MAED S
Sonic extracts XfEM L, ¢ 7= m— FREOLEHL TR
WiEMEY, Lowny RO% A TRAMBELRE Lo

II. #& »

1. Disk approximation test iz X % MM

K. pneumoniae Y-4 (constitutive Penicillinase gis4:
¥), P. vulgaris T-178 (inducible Cephalosporinase
BE4H), E. cloacae H-27 (inducible Cephalosporinase
EEK) ¥AVT PIPC & B-lactam HOHEERY
Disk approximaxion test kX > THMN LI fER »
Table 1 &R7T,

K. pneumoniae Y-4 T PIPC {3\ Fh 0 XHFIic ¢
LTHEERTH 1A, P. vulgaris T-178 Tidiz &
A EDRRTHIERANBD b, E. cloacae H-27
Tix DMPPC, MPIPC, MCIPC, MDIPC o Penicil-
lin M CHEELEREAN, ¥7: LMOX, CBPZ TH\»
HREFAY B D b h tco &HifEAz PCG, ABPC,
CET, CER, CEZ, CTZ, CFS, CMZ, CFX TZ®» b
1

LAE, P. vulgaris T-178, E. cloacae H-2T O i ¥
LT PIPC LD AR CEIFATHh- - KA 1
MZPC, SBPC, CTX, CZX, CMX, CPZ o6#TH

Table 1 Combination effect of PIPC and other A-lactams in disk approximaticn tests

Drugs showing following effect

Test strains
Synergism®

Antagonism®

Indifference

K. tmeumonize Y-4
(MIC; 50ug/ml)*

PCG, ABPC, MPIPC, DMPPC,
MCIPC, MDIPC, MZPC, CBPC,
SBPC, TIPC, CET, CER,

CEZ, CTZ, CXM, LMOX, CZX,
CMX, CFS, CMZ, CFX, CPZ,
CBPZ, CTX

P. vulgaris T-178
(MIC; 3.13ug/ml)

PCG, ABPC, DMPPC, MPIPC,
MCIPC, CBPC, TIPC, CET,

CER, CEZ, CTZ, CXM, LMOX,
CTM, CFS, CMZ, CFX, CBPZ

MDIPC, MZPC, SBPC, CTX,
CZX, CMX, CPZ

DMPPC, MPIPC, MCIPC,

E. cloacae H-
oacae H27 | 1 IDIPC, LMOX, CBPZ

(MIC: 12.54g/ml)

PCG, ABPC, CET, CER,
CEZ, CTZ, CFS, CMZ,
CFX,

MZPC, CBPC, SBPC, TIPC,
CXM, CTM, CTX, CZX, CMX,
CpzZ

* Synergism was defined as an enlargement of the zone of PIPC in the close vicinity of other f#-laciams.
! Antagonism was defined as a decrease of the zone of PIPC in the close vicinity of other 3-lactaras.
* MICs of PIPC were determined by agar dilution method using inoculum of one loopful of 10°cells rii.
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Fig.2 Combination effect of PIPC and five
cephems on the clinical isolates

CEZ

S.aureus CMZ

DMPPC-senstive | CBPZ
(&3 stralns ) LMOX
CPZ

CEZ

S.aureus (44

DMPPC-resistant | CBPZ
(28 strains ) LMOX
CPZ

CEZ

CMZ

S. faecalis C8P2

(21 strains ) TOX
CPZ

0 20 40 60 80 100 (%)
D Synergism - Indifference

D, fLOEFTIREIC X > THRDS\VIZEAFALGE
bbhf:o

2. Checkerboard dilution method = X 5 # 3t

Disk approximation test G E. cloacae H-27, P.
vulgaris T-178 L CEEcEHfFAYR LI CEZ
¥ XU CMZ, E. cloacae H-27 ‘%, P. vulgaris T-
178 TEHFEA YR LA LMOX % XU CBPZ, MM
tICEIEATH »17c CPZ %81, PIPC LoHtAHR
% Checkerboard dilution method THERY L7,

DMPPC R S. aureus 43 ¥kicxt LT PIPC %
CMZ, CBPZ, 3 tvr LMOX t o8t T 37~60% D
WETHRDREIBD bhich, CEZ, CPZ & DM
HREHENIREALBDORILI 51, EHic DMPPC
fitte S. aureus 28 #icx LTiZ\WTFhoftRiIcs\T
b 60% LAEDHRTHEFAYXBDLH, EHERIR
BdLRIED »T0e Ef, S. faecalis 27 Biwwt LTI
PIPC % CPZ ¥ %, DT XRTOEHLOMICHRE
HENRBD Hhi: (Fig.2),

B-lactamase % F¥ Lis\ E. coli, K. pneumoniae,
P. mirabilis TIl3—HM¥ B ELBCHERERIZERT,
¥ ERERRBD bhith - (Fig.3),

FEHAZ p-lactamase ¥ EAT 5 indole [B¥: Pro-
teus |&, S. marcescens, Enterobacter, P, aeruginosa
TRVWThO BECEVTH HEFRILERTHo
2%, PIPC ¢ CEZ %73 CMZ CREHIFANERIC
Fpbhiz, CBPZ, LMOX, CPZ %0 3 itk D¥KH
& ORI HIER O BBV ED - 7= (Fig. 4),

Fig.8 Combination effect of PIPC snd five
cephems on the clinical isolates

CfZ
€. col EM2
{124
(21 strains ) "
CPZ
(974
K. pneumonise [{7)4
cerz
(20 strains )
| LMOX
[
LEZ
P. mirsbills | CNZ
[J
( 24 strains ) Cl‘ 2
rp2

0 2 & w | L]

3 synergor - IR 1nsttorence

Fig 4 Combination effect of PIPC and five
cephems on the clinical isolates

CE2 0%0%0%0%%¢%e%07
Inodole positive cmz FOERIOD
Proteus spp. CBPZ Totet
(43 strains ) LMOX 20%¢
CPZ o
Cez %¢ % %%
S.marcescens  |—CMZ HOHOHOHOHOH]
(Ustraing) oo -
LMOX 0
CPZ
(74 0 0_0_0.90
CMZ 0202025000
Enterobacter
CBPZ
(20 strains ) MOX
CPZ
%¢ o J0|
e 0 @9 _o _9o_6
P.aeruginosa .1 Satacacta®ace
C8
( 24 strains ) TMOX
CPZ
Onm— B—
[} 2 )] ] L] 0 8

[ syneruism [ 'nciterence [[o2e3 Antagonisa

£C T, HMEIERAYR LI{RZEME LT DMPPC B
M S. aureus ¥, HEHERLR LicREME LTHEM
#c p-lactamase A MY RV, R LEHFRY
WU, BLEAEALR LIHERo MICO
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iR, EFIMBRO MIC ORGME LK L
=

;)MPPC itk S. aureus 1 L€ PIPC M Jh T ik
2634603 yg/ml & M\ R MIC AIRLAA, €7 =
ARERMELBATEC LT X > TED MIC fllix 82~
12pg/ml kirotie ¥, £7 = AREHZ TR
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PIPC MU X h Rh - i) TH - 7ent (MIC 6,0~46
pg/ml), PIPC Loz X b Wizl a7 (Table
2),

MiKIC S-lactamase X EATA2MWMD S 5 indole
Fth: Proteus K, S. marcescens O 2 ¥ - 3 \» T
PIPC & B L 2=+~ T Cephem #| & DM IRA

Table 2- Geometric mean MICs of PIPC alone and in combination with
several cephems in checkerboard methods against DMPPC-
resistant Staphylococcus anrcus

No. of strains Geometric mean MIC® (ug/ml)
Cephem | showing PIPC Cephem
synergism Alone Combination Alone Combination
CEZ 17 603 132 24 3.7
CcMzZ 28 447 51 6.0 0.66
CBPZ 20 263 35 43 3.6
cpz % 468 69 46 5.3

¢ Geometric mean MICs (were calculated from) MICs of strains showing

synergism.

Table 3 Geometric mean MICs of PIPC alone and in combination with several cephems
in checkerboard methods against gram-negative bacilli

No. of Geometric mean MIC® (zg/ml)
Organism | Cephem ;':‘::sm PIPC Cephem
antagonism | Alone Combination | Alone | Combination
Indole CEZ 31 0.78 16 195 251
positive CMZ 26 1.0 13 3.5 3.8
Proteus CBPZ 10 2.4 14 2.2 2.4
op. LMOX 8 2.2 14 0.28 0.42
CPZ 3 0.78 0.78 2.0 7.9
CEZ 9 2.0 19 22,570 22,570
CMZ 13 5.6 50 15 18
S. marcescens CBPZ 3 50 56 0.39 2.5
LMOX 4 240 562 2.6 7.5
CPZ 1 6.3 50 25 25
CEZ 9 3.1 14 =3,200 23,200
CMZ 11 2.1 15 57 69
Enterobacter CBPZ 0 — — — —
LMOX 0 — — — —
cPz 0 - — - -
CEZ 6 3.5 22 22,040 22,040
CMZ 15 3.6 20 1,820 2,000
P. aeruginosa CBPZ 0 - — - —
LMOX 0 - — — —
CPZ 0 — — — —

¢ Geometric mean MICs were calculated from MICs of strains showing antagonism

geometrically.
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AR SR (Table 8), indole i Proteus Bz
Tk CPZ %\ Peflid Cephem ¥ & O St A T2
PIPC D MIC t 5,8~21 fi§ LR L= Cephem
FDOPH MIC 12z L A LB{L Lish o1, CPZ L DB
ATk PIPC oy MIC X ZE LT CPZ D7 8
MIC Hipy 4 s ERL, o 4FI L BB A5 —-vER
L7, S. marcescens [\ Tik CEZ, CMZ b U
CPZ » nHtATIx PIPC D MIC 221 7.9~9.5 ff E
R L Cephem F|DF#y MIC 122 LA LRIELIah»
720 CBPZ # X U¢ LMOX k oftATix PIPC 0¥
MIC iz A K &L ¢ ¥, CBPZ Tix#y 6.4 f#,
LMOX Tiz#y 2.9 53y MIC NER LT, E. clo-
acae ¥ XUt P, aeruginosa O 2Tt CEZ bV
T CMZ LoMToABRAERIBDHh, PIPC DY
3 MIC % 4.5~7.1 fE ER L, CEZ 3 XU CMZ OF
3 MIC 122 LA LB LN o1,

3. BEHRCRETEE

BRI D Checkerboard dilution method ® & R1H
CMZ = LTHRIEA%ZR L S. aureus F-188, E,
coli TK-4, B XUVERIEALXR LI E. cloacae GN
5797 #F\T PIPC toftAROREMMCRIETE
WERA, ok, RAREIAERAIRLMLEAbR
'f:&ﬁ%ﬁkﬁa

S. aursus F-188 iz L T PIPC (0.2 pg/mi, 18
MIC), 3 XU¥ CMZ (0.39 ug/ml, 1/4 MIC) My
control 1T, LLMOHENLHMMEDS h i,
BEAITHI X IEHIR N 3 AN & THIMUL T \ 1o 4, %0
RN B L, AL 5HARBMARD b s
(Fig. 5, A) '

E, coli TK-4 iz LT CMZ MAK (0.2 ug/ml, 14
MIC) i% control kMM/CHMAEBG hit, ¥4,
PIPC WP (0.2 ug/ml, 1/4 MIC) i3NA¥IM 3464
®ETHML TN, TORIRIEMAMALSRT, L
M LIeh & 0F AT 3 MMt I 12 IR A 11100 £1F &
TETL, EORICMEBRLIT LD, S axreus P-
188 LM, DRI X 2 HERARIEBE Zhi- (Fig.5,
B)o

E. cloacae GN 5797 i2%} LT CMZ HEKF (25pg/
ml, 1/32 MIC) i control L 2 iZFMHICHM L, REK
XEB% 5 Wiz o Pz, PIPC MEBE (12, 5pg/ml, 8
MIC) TRBMACHS LicOlEx, HHARREME
bn 3 BEMIH ¥ TEMBUTIMD Lo, ToRIZEENY
ZBHoh, A BEHEANREBD S h i (Fig.s,
A),

4. p-lactamase g4 & RARFIEH:

E. cloacae GN 5797 TB»ShI-#REAORRY

Fig.5 Killing curve of PIPC combined with CMZ against 8. aureus F-188

and E. coli TK-4

0 A: S.aureus F-188

Control

PIPC + CMZ

Viable cells / ml ( Log)

10 [. B: E.coli TK-4

8} Control

0 3 3 3

0 3 6 9

Incubation Time ( hr)

A : PIPC (0.2 pg/ml, 1/8 MIC) and CMZ (0. 39 gg/ml, 1/4 MIC) were added
singly or in combination to the culture of S. aureus F-188 (2%10¢ cells/ml)
and the standing culture was continued at 37°C.

B: PIPC (0.2 pg/ml, 1/4 MIC) and CMZ (0.2 gg/ml, 1/4 MIC) were added
singly or in combination to the culture of E.coli TK-4 (3x10% cells/ml) and
the standing culture was continued at 37°C.
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Fig.6 Viable cells, S-lactamase production and residual activity of PIPC in combination with CMZ

10, (A) 5. (B) 100 (C)
£
E. PIPC(alone)
8 Control w4l 8of
E -
= =31 L
g6 £ Ze
£ z %
L £, 5 o} PIPC(+CMZ)
= B =2
8 2 &
82 g1 ot
s g CMZ(+PIPC)
&

o
w
o
o}
N
o

Incubation Time ( hr)

PIPC (12.5 ug/ml, 8 MIC) and CMZ (25 ug/ml, 1/32 MIC) were added singly and in combination
to the culture of E.cloacae GN 5797 (3x10° cells/ml) and standing culture was continued at 37
°C.

Viable cells(A), p-lactamase activity (B) and residual activity (C) were measured. The data
represented the mean+S.E. of three examination.

FXBN, p-lactamase FA R LIETRHPENRET 5. B-lactamase icxf¥ 5 KEW, B, 3 XUE
BRHE LI, WiEM
Bthrh B-lactamase fE#E(T control s X U PIPC ¥ijh E. cloacae GN 5797 g3k ® B-lactamase =53 % 3K
BORRLAVBIET A EMNT X Iehntept, CMZ FOREH, Bl L UENIEHRY 7 ~ 1= (Table
HER, 3 XOBHATE CRRR L LTk L1 (Fig. 6, 1),
B), LROBEFTHTIRENZ CPZ %Xl Liciast
%/, PIPC OBFiE: PIPC ¥MBE T3 12 BERS Vmax THET5 L, CEZ i3 CPZ iz H~#y 54 f£D(f
BET 8% BERFLT VN, GHARTIIH 4% YRLBOARRETH 1o CMZ 2 CPZ X hiy3 5@
RETL, EOMMEICHVEALVIMKY BT & ERETHbH, CBPZ, LMOX i1 1,000 £ LRETH
B@EDbhic, CMZ DOBREFFENIOHARON 1 HBR 21
LYPRRMY TH -1, BELEZXALRIL, -1 BRCHTHIBMMEY K XV Ky HTHD &,
(Fig.6, C), CMZ, CBPZ, LMOX 2 b EMETEMML TS » 120

Table 4 Kinetic of hydrolysis of cephems by A-lactamase from E. cloacze GN5797 and
inducer activity for 8-lactamase production

Drugs Relative rate of hydrolysis Ka(uM)* | Ki(uM)e ﬂ-lactar?ase activity iltlduced"
( Vamax)® (unit/mg of protein)

CEZ 5,400 189 = 0.69

CMz 33 - 1.9 2.4

CBPZ <0.1 - 1.4 2.6

LMOX <0.1 - 0.8 1.1

CpPz 100 69 - 0.11

PIPC 29 - 18 0.05

® Vmax, Km and K were determined by Lineweaver Burk plots. Ki was determined using CET as
substrate. Vimsx was expressed as the percentage of the hydrolysis rate of CPZ.

} The sonic extracts were prepared from cells treated by 10 ug/ml of drug for 2 hr. and
B-lactamase activity was measured by UV method using CER (100u#M).

¢ Not tested.
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Fig.7 Alteration of the morphological effects of PIPC on E.coli TK-4 by CMZ

(A) : Drug free control.
(C):CMZ (0.1 pg/ml, 1/4 MIC).

CPZ 12 @ 3RNC AN EDOBEREIZF 1/50 L&, X
&1z CEZ (1{ED » 720

FEiEM CMZ, CBPZ, LMOX »EfEY R L7
%k\¢ CEZ, CPZ DJATH b, PIPC i3k {Eh -7

6. [IHEXEKBCIXIBEOVEELORE

HEEAOHRGI E. coli TK-4, ¥ LUEHIER
oXxbhto E. cloacae GN 5797 #B\~T PIPC, kX
U CMZ BifhbE, 3 X OPHREFD 24 Bk OMEBE(L
WA AEZETAMEE TBER L,

E. coli TK-4 mif4, PIPC, CMZ Bi¥hB%i3 control
CHREFELS ko, KERERREA DL R I v
120 PEABFTIL filament {L L, bulge ff, BESH R
bhte (Fig. o

E. cloacae GN 5797 D34, CMZ H¥B5i3 control
L 6d, PIPC B fh #% Tk filament {LL, —&

(B) : PIPC (0.2 pg/ml, 1/4 MIC).
(D) : PIPC (0.2 grg/ml) plus CMZ (0.1 gg/ml).

density O\ TROEHENZH ORI, HAFTR
PIPC Bifhfsiz l~ density O3\ K FE & OHRS
Wlehhoto, ¥z, filament O Xt PIPC EHEFLY
<, —& filament AHHWLEADTVWB5HbALRE
(Fig.8),
11I. # 3

FEAR OB IOV TIRE { b p-lactam HET
FIHA 7Y, wpmS L KS, T BEETE
ETELLORENEERTEY, BioT i/ REKLD
BFFIRE 0 KBEROBEH LR L0 Bt b EMIC T
nTV B, Eio, S-lactamase i HET5MHEEICAL
< ABPC » MCIPC®, AMPC k 757 5 vB"
CPZ X Sulbactam'® } o &%I» BAR X R EBHIEEKE
BABTEbh T 5, HFELHL O f-lactam FinpaR
Xh, B-lactam FRID in vitro PAZEHKEHENT
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Fig.8 Alteration of the morphological effects of PIPC on E. cloacae GN 5797 by CMZ

A

ez

(A) : Drug free control.
(C): CMZ (25 pg/ml, 1/32 MIC).

&b, PIPC izov-Td CET, Cefamandole (CMD),
CFX, CTX, LMOX, CZX h F THREH I L T L
LN, EORERELHTHRD E, 75 LEECH
LTLIMOX, CTX, CZX r ol Titid L A K EEB
THOTHIERDH 5\ EHEANTED S h TV 5o

CMD, CFX, CET i offfcid ¥ AsRE I AR
EEDBLRTBA, 75 alBHERH LTIt CFX &
DHRCHRIEANED LIS Z EABLMC IR T
5o 4, EELORFRBIEROBME S DAT
~HLTkh, Htww CBPZ, CPZ i LMOX, CTX,
CZX 7¢&'¥, CMZ, CEZ iz CFX S L7-ftAImE
ERTE LWL h I o, Eho, BICHEBREL A
LFMIEc > T\ %5 DMPPC fittt S. awreus et L
TCMZ, CBPZ, LMOX } oo ftfi CRBEHEDRE
BEDLRIC LTk b,

(B) : PIPC (12.5 ug/ml, 8 MIC).
(D) : PIPC (12.5 yg/ml) plus CMZ (25 pg/ml).

—7, in vitro DHFRBHBRICHEN, FOER 4+ =X
AEZDOWTOFMBILRF TSI ERT VIV ST
HBo EHIEFH 2 7 = X225V Tik Nev H19225138
F|o B-lactamase FHIC LB LD EHETEL T 5 A5,
Acar 52 3 CBPC & 6-Aminopenicillanic acid (6-
APA), X0 CER HIOEHEAZR B L 72 2%, 6-
APA % CER X » CHHB X ht: B-lactamase i L %
CBPC ORI ERATE e ool EXBE L T W
5o Kouran 52 4, B-lactamase FHi#iL EH 2 T~
Penicillin & Cephem HIEDHEFBADEH L HIL\-
ERERLTB, LrLich s, SED E. cloacae GN
5797 % i\ - 5, CMZ 12X % B-lactamase
DHEHLEIIZLD PIPC OFRELA = OREHFEAD
RERO—>TH5BC Lairsgshic, Bt PIPC i1 -
lactamase #FEH L7\ A%, CMZ AFEETHE LI
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h B-lactamase {Eftiz ¥ L < LRT %, £ D7 PIPC
ARELEh, BEMIMET LA b DL#EXDRS, L
1enioT, SEAGEEIMTIX f-lactamase FMALL
HfEFRO—RTHD - LIXWLNTHS, ¥f, PIPC
L CMZ %{tF LW D E. cloacae GN 5797 DMRE
{tH 5, #ERAA (Penicillin binding proteins, PBPs)
CTOHEERALMELTVWS X5 cBbhby, £0@
BEiX B-lactamase MMIC LB L DL h MhEVL DL B
EEL T\ B, ¥tz, S-lactamase B§MiEH: D LM
\» CBPZ, LMOX & PIPC & DftRMICHIENH
CMZ iTH~ERTH - Bk £ 5 <, f-lactamase
125 L CBPZ, LMOX #: CEZ iz 4 REBEMEA EI TV
Bl ELObND, ZORBHIZOVTRARTTIC
CBPZ »\ 75 st #EE D CSase &L CMZ X b
RETHH UGN LTV DY,

HRIER A » — X22x L T ik p-lactamase [HEHA
L OBt D MGz Tev Ay, Orsuki®® A Cepha-
lexin (CEX) & Mecillinam (MPC) D#tH TCERAT
DRHERLEFOHRIERAO—RTHHZ LXPLNIT
LT\ %, 4ED PIPC & CMZ L DftfRsD E. coli
TK-4 OMREEL DR S PBPs TOBHIEAL HESE
Bo—RTHHZ LERBLTV5%, E. coli TK-4
o PBPs 4<% PIPC, CMZ ogifitticovTit
TK-4 #AVE L <A 7eAt 6 B-lactamase X B4 T 2 7
TR RERIBORE T, ¥, TOEVRAD
B-lactamase 4 & PIPC & CMZ MDOMEFEIER OBAGK
ZOWTHESEBOLNCTHI LIXTEILh o1, HE
ERCOWTIRIECHMALRA»LBETHD EEL T
5o

& @D in vitro To PIPC Lt Cephem A O HEE
H invivo B3 LUK EICE D X 5Kk 5 hicD
WTit, SRORFEXETH LA TH S,
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IN VITRO COMBINATION EFFECT OF PIPERACILLIN
AND OTHER B-LACTAMS

Suinzasurou Minami, Hiromi Nakasuima, Katsunixko Kumano,
Yasuo Waranape, AKIRA Takar and Isamu Saikawa
Research Laboratory, Toyama Chemical Co. Ltd., Toyams, Japan.

In vitro combination effect of piperacillin(PIPC) and other S-lactams was investigated using gram-
negative and gram-positive bacteria.

1. Disk approximation test using S-lactamase-producing strains such as Enterobacter cl H-27,
Proteus vulgaris T-178, and Klebsiella pngumoniae Y-4 revealed that more than half of 25 f-lactams
tested showed antagonistic effect on PIPC egainst E.cloacae H-27 and P.vulgaris T-178 which pro-
duced an inducible S-lactamase. No interaction between PIPC and other S-lactams was observed
against K. pneumoniae Y-4 which produced a constitutive penicillinase.

2. Five cephems i.c. cefazolin(CEZ), cefmetazole(CMZ), cefoperazone(CPZ), cefbuperazone
(CBPZ), and latamoxef(LMOX) were chosen for extensive examination of the combination effect
with PIPC.

The combination of PIPC and CEZ or CMZ showed a marked antagonistic effect against 25 to 72%
of Enterobacter species, Serratia marcescens, indole positive Proteus species, and Pseudomonas aers.
ginosa which are species producing an inducible p-lactamase, while in this combination, syn-
ergistic effect was observed against a few of Escherichia coli, K. pneumoniae, P.mirabilis. The combi-
nation of PIPC and CBPZ, CPZ or LMOX hardly showed neither antagonistic nor synergistic effect
against all the gram-negative species tested.

Synergistic effect against more than 30% of gram-positive cocci such as Streptococcus faecalis and
Staphylococcus aureus which were methicillin sensitive strains was observed in the combination of
PIPC and CMZ, CBPZ, or LMOX. Against 61 to 100% of methicillin resistant S. aureus, the com-
bination of PIPC and the five cephems showed synergistic effect.

3. Both synergistic and antagonistic effect were confirmed by the growth curves using E.coli, S.
aureus, and E.cloacae strains.

4. The extensive analysis of antagonism between PIPC and CMZ against E. cloacae GN 5797 showed
that the inactivation of drugs by the induced S-lactamase might play an important role in the ants-
gonism.




