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Cephem %¥E#|f o antagonism k75 ARME KT 5 B-lactamase FEiz D\

W oH X B-&® =R - H %
FERE M THE RS RUFRERT
AR BEF-R R E A
HARFEETBENFHE

(FR%n 57 £10 A 9 BZAH)

B-lactamase ¥ A FEAET D Serratia, Enterobacter, Citrobacter, Indole-positive Pro-
teus spp. ¥ LU Pseudomonas aeruginosa 7c& D B & k5 \» T, Cefoxitin, Cefmetazole,
Cephaloridine 35 X 0% Cefazolin & #f 3 #ttf cephem {IEH| & D [ X In vitro antagonism
RS i, HrCE 31X cephem #]& cephamycin $i& @ antagonism {(3IFRETH -1, =
ho DB %L B-lactamase R EERRANCEEAE TS Enterobacter cloacae DEREETIIAD LRl
Vo TR 5D antagonism (3377 B-lactamase @ inhibitor, carbapenem Z X - TRHIE
Xht-, Cefoxitin 35 L0 Cefmetazole iz X 5 E.cloacae ® PB-lactamase DE:Epr4 3 Cepha-

loridine 3s X 7% Cefazolin X H 4T TH - 7o

Cefoxitin 2:&# o B-lactam Ko In vitro HEE
UPHTFE LSOV TRTTRREINRT W 5179,
g, Cefoxitin & fi © B-lactam #| & o anta-
gonism 2B+ 5% C.C. Sanpers LD EHERIL, =
DORE & » ##B e spot ¥ M Tho —7H, BEHIH
f cephem F|x &% < » B-lactam Hl HEEKMC A
BECIEAEhT\%, 831D cephem Hox%
LB BB ELREHEOBRPIE 5\ Tk, LLiE
R—nBETHE I EL1XH 2#D cephem Hias
TECBESh, ThorEHYTHD Y — AL T,
ZTOHE I MHRo cephem Fic LAWBEMN T b h
o LichoT, H3Hko cephem HlLH1k L
%5 2 fitft > cephem | & o antagonism %, FZRORK
BEQCHERCHEBY 5L DTN S5, bhbhikz
DX 5B an b cephem Al i+ % antagonism o
B 2\ ToOWREZTIR 50

I. EBMESIURRBRIE

1. (FR%EH

Cephaloridine (CER, Glaxo)

Cefazolin (CEZ, HIRIEDTH)

Cefoxitin (CFX, Merck)

Cefmetazole (CMZ, =3t)

Cefotaxime (CTX, ~* & })

Ceftizoxime (CZX, MERIEHR T

Latamoxef (LMOX, #E%#%4&3K)

Cefoperazone (CPZ, FL{t2¥)

FR 26247 (# carbapenem F#Efk, HBRERTE
FREFFERT)

2. {ERITEE

Z DEBTAVG I RREKII B AR ORBE L W 5
IhicbDTHB,

3. REZMERE

MIC 3SR PR AV TRIE L 72, cephem RE
HIOMEIER ¥t 5728, Cefoxitin, Cefmetazole,
Cephaloridine 3} X0 Cefazolin £ x—g&% Cefo-
taxime, Ceftizoxime, Cefoperazone ¥ X {% Latamoxef
D2 BEBEPRERTERARCHEML TR 2 R L
MIC BBt LT,

4. B-lactamase DFE L FHEEEMORE

MiNaM1 BDFENCHE » Tl » Tt Enterobacter
cloacae D—WISHW % Fik /e Mueller Hinton broth
TI0fEFHML 20 ug/ml DL ER XL, 87°C
T 1RERRYE Lico TDHER LT 0. 1My v buffer
(PH7.0) T 1 E5%E%, BEEBELT L O LY
crude enzyme * U7, B % 5L Cephaloridine %
JB & LT spectrophotometric method = TR E L
o

EHERIX Bovine Serum Albumin % standard &
LT Lowry LODHK T -1,

II. #& 2

1. Cefoxitin, Cefmetazole, Cephaloridine ¥ XU

Cefazolin % 3 #% cephem % 3 #| DHFIERRR



VOL. 31 NO. 3

CHEMOTHERAPY

305

Table 1 Antibacterial activity of third generation-
cephems in presence of CFX, CMZ, CER
and CEZ against 12 strains of S.marcescens

Mean MIC (ug/ml)®

Drug?® | 7
| cTx | czx | LMOX l cpPz
None 2.70 1o4 | 140 47.2
CFX | 19.8 6.25 | 15.7 159
CMZ | 35.4 1.1 16.7 178
CER | 14.0 5.57 | 17.7 189
CEZ 9.92 3.94 | 14.0 119

¢ Drug concentration: 20 zg/ml
b As determined by agar dilution

ESEALAPIES

AR D & 3 1t {{ cephem & ZE & : Cefotaxime,
Ceftizoxime, Latamoxef 3 X 0% Cefoperazone DK
4HE Serratia marcescens (12 ¥%) w=xi3 % HIEEME
%, —FEE D Cefoxitin, Cefmetazole, Cephaloridine
¥ X 0¢ Cefazolin OFAETF THIE L1, Table 1iz%+h
LOFER®FY MIC & UTR LT, ¥ Lic 20 ug/
ml @ Cefoxitin, Cefmetazole, Cephaloridine ¥ X 08
Cefazolin % S. marcescens D\ FH OO = L
EXHBREX I ol HBIMROEZEROZRLD
BBERCT 5 EERL D, Tho OEHREREC
EiXhBH, L T5 Cefoxitin, Cefmetazole, Cep-
haloridine, % 7:i% Cefazolin iz X » THIHI X Z 1} 0
Cefotaxime # 7= Ceftizoxime DEMEIzxt L, Cefa-
zolin DT & b §9 {, —F Cefoxitin 3 X 7¢ Ce-
fmetazole OIFHEIL X hAETH 7o

2. 53 cephem H|DHEFEMEICEH TS cep-
hem FREE DHE

BIEDFEREMND, 31tk cephem %] & L T Cefo-
taxime #;&, & & DEEIEIT D Cefoxitin, Cef-
metazole, Cephaloridine, ¥ X t¥ Cefazolin ® anta-
gonism % HB: L7z,

S. marcescens R & L4 (Fig 1-a), Cefo-
xitin 35 X O° Cefmetazole {3 5~10 ug/ml D{EEE T
F\T Cefotaxime DEHLE L SMH L 7o — 77,
Cephaloridine ¥ J 1% Cefazolin o Rz kT 5FH
EERIBETSH -7, L » L Cephaloridine ¥ X U¥
Cefazolin MEOFBEICH T BEAIRRL Y, FER
BEOHMME & LIHGEEDR YR LIS, BEOR
BIBETH -1 E. cloacae vzxt L T %, Cefoxitin
¥ X O Cefmetazole {3 Cefotaxime L 8g< 3 L &=
73, Cephaloridine 3 X U° Cefazolin OREIIERILEE
BT~ 1 (Fig. 1-b).

3. LZEOMBEIZH 5 antagonism O HBHEEIZD
T

FERR A EED R REOMAE X T % Cefotaxime & MIC
%, {EEE (1/8 MIC) o Cefoxitin OFLHET T JI &
L7z (Table 2), Zh b DRBRERICH 3 % Cefotaxime
D MIC 73, Cefoxitin OIHFFIT L - TA{ELEAEL
7t » 7c##% positive antagonism & L T, ZTOHE
%3k 7, penicillinase type ¢ P-lactamase % 3% &
PEHET B Staphylococcus aureus TiL Cefoxitin &
Cefotaxime DfEiZiL antagonism (X Hhich -7,
¥ - #EEET B-lactamase % B 4 3 % Escherichia

Fig.1 Antibacterial activity of CTX in presence of CFX, CMZ, CER and CEZ at various concentra-

tions

a) S.marcescens (10 strains)

S0

Mean MIC of CTX

Concentration of antagonist (uzg/ml)

Mean MIC of CTX

b) E.cloacae (10 strains)

50(

Concentration of antagonist (ug’'ml
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Table 2 Emergence of in vitro antagonism between

CFX and CTX
o . No. of %
rganism Stt(::g:ls antagonism?®

Staphylococcus aureus 21 0
Escherichia coli 19 0
Klebsiella pneumoniae 20 0
Proteus mirabilis 20 0
Enterobacter aerogenes 19 12 (63%)
Enterobacter cloacae 35 28 (80%)
Citrobacter freundii 33 26 (79%)
Proteus vulgaris 21 15 (71%)
Morganella morganii 21 14 (67%)
Serratia marcescens 27 15 (56%)
Pseudomonas aeruginosa 21 21(100%)

& Antagonism ; 4 times or more increase of MIC
values of CTX against test strains in presence of
one-eighth the MIC of CFX for the indicated
organisms.

Table 3 B-lactamase induction in E.cloacae str-
ains with CFX, CMZ, CER and CEZ

B-lactamase activity®
Strain Induced with

None | CFX |CMZ | CER |CEZ

E.cloacae 191 1.0 87 56 4.3} 3.3
120 1.0 56 79 3.5 2.5

152 1.0 57 62 6.0( 7.0

142 1.0 | 154 | 146 70| 3.0

138 1.0 38 | 229 2.0] 5.0

128 1.0 30 48 50| 85

¢ Condition of B-lactamase induction; an over-
night culture was diluted 10-fold into fresh me-
dium (Mueller Hinton broth) containing 20 pg/ml
of each drugs and incubated with shaking at 37°C
for 1 hour.

b Expressed as relative rate of CER hydrolysis.

coli, Klebsiella pneumoniae ¥s X. O% Proteus mira-
bilis I X CHREHFEBRBED LR ot L L,
Enterobacter % S{s35HER B-lactamase A TIX,
FRENFEAE antagonism HFRH SRt

4. E.cloacae =1} % B-lactamase g4 D FHM

Cefoxitin DFEZE T iz, Cefotaxime Vo35 BRs:M:
MET L7z E. cloacae 6B BB, £#FHv X
% B-lactamase DMz % Cephaloridine 28 &
LTI %E L % (Table 3), Cefoxitin, Cefmetazole,
Cephaloridine % X 0% Cefazolin ¥ }* @ 20 ug/ml &

Table 4 Antibacterial activity of a third genera.
tion-cephem in presence of CFX against
constitutive B-lactamase producing mutants
of E.cloacae

MIC of CTX(¢g/ml)
Strain

None CFXs

E. cloacae 125 200 200
126 200 200

167 200 200

201 100 100

205 100 50

186 50 50

158 200 200

® Drug concentration: 20 pg/ml

Table 5 Effect of S-lactamase inhibitor on anta-
gonism in E. cloacae

MIC of CTX
Strain ﬂir}ﬁ(i:{a?g:?:e (pg/mD)

10 pg/ml None | CFX®
E.cloacae 191 - 0.78 6.25
+ 0.39 | 0.05

120 - 0.78 25
+ 0.39 0.78

152 - 1. 56 100
+ 313 | 313

142 - 0.39 25
+ 0.78 | 1.56

138 - 0. 39 25
+ 0.39 | 0.78
128 - 0.39 6. 25

+ 0.39 | 0.1

& Carbapenem derivative
® Drug concentration: 20 pg/ml

E.cloacae Hh\gfh3 % &, B-lactamase DELIHAN
HFEMEhi, D4, cephamycin type D2
FloOFELHRIIBHTHL, Cefoxitin (XFEFHRO 30
~154 f, Cefmetazole i} 48~229 fEOBERBYEEL
720 Zhic LT cephalosporin type o 2 3EH|OBE
ZFMpE 2 §8 &, Cephaloridine T2 ~ 7%, Cefazolin
T 2.5~8.5 fEThHh-to

5. E.cloacae ORI P-lactamase pe%REK
3132 Cefoxitin O

E.cloacae D T#H»HERERR X » THRHNE
B-lactamase ¥ 4T 5 ¥ A ER L, Lhb OERKEC
%135 Cefotaxime @ MIC % 20 ug/ml o Cefoxitin
DOEETTRE L (Tabled), zhbo X RK L
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Cefotaxime i fiit # (MIC ; 50~200 pg/ml) TH -t
7%, Cefoxitin DFZER L b, & DEIXEL LA 7o
PEpE) B-lactamase EAEFRIC ¥F L T, Cefotaxime
L Cefoxitin DIz antagonism X8 & h /e b »
7o

6. Antagonism iZ¥}3 5% B-lactamase inhibitor ®
2

cephalosporinase type @ P-lactamase iz, IJEA[S
B AELEA %<7 carbapenem 3% # {Ad antago-
nism x5 B Lic (Table5), ¥ &% E.
cloacae ~D Cefotaxime DHEFEM: 1= %t 3 5 Cefo-
xitin @ antagonism »: B-lactamase inhibitor, car-
bapenem IZ X » CRHEINANE > & HE L, 6
D E.cloacae % RFEk L L 7= %, Cefotaxime
Cefoxitin @ antagonism (¥ carbapenem & X -~ Cfj
AledBER L, = DRERIX, Z OFED antagonism |3
FBREC X > TEA I hic B-lactamase 1 H3ET 5 %
DTHBHT LETRRT 5,

III. # ®

cephalosporinase type @ B-lactamase % 3% flic
FE4T 5 Serratia, Enterobacter, Citrobacter, Indole-
positive Proteus spp. ¥ LU P.aeruginosa v ¥ OE
BT, 1, A28 2R cephem FI & 45 3
% cephem )& DRl In vitro antagonism A4 %
ZLRTER LI, = D antagonism (THEKAIC B-lac-
tamase ¥4 T5 Enterobacter D REETIIA Ul
Vo ¥fo Cefoxitin 4% 4 K| OBEFEFMUAE L anta-
gonism 2HBET B & LI AL AT 7L » o, Cefo-
xitin } PB-lactamase & ® antagonism 2§ L Ti,
TTREL DR H 51, #ic antagonism DHEIFE
wBILTix, Cefoxitin iz X » T B-lactamase pE 4 7%
FUIh, BRI LD B-lactam FOARELH—F E X
RTW3B, Lh LEE 31D cephem #|¥s X 04 Pseu-
domonas E % $ > B-lactam Hig ¥ D B-lactamase
RERFEH & O antagonism oW TiE, B-lactam-
derived barrier mechanism iz X%} #5%E X L T \»
%% Figbb inducer & LT Cefoxitin Iz X » T,
periplasmic space P§o> PB-lactamase level H EH L,
BRLEN L OfES1I X b, target proteins ~DIEH|
DBV Tbh%, S DX 57 barrier mechanism
X% antagonism o 3 By i3, permeability barrier
BRB|LTS S. aureus T % antagonism 234 Uik
VELSER > ThERIh B, bbhOEREK
5B Cefoxitin 24T 4% D cephem FIXERE T
BUTh, REMRB3MHARD cephem F L BEDE
RBH52, BHMCIEAT 5 & L 2R Lt B

Kuck 593 X 08 R. V. Goering 5193+ Fh Cefo-
xitin > B-lactam %] & d antagonism % in vivo
REVCTHREL, ZhboRHERNCHETsC &
CRIBERBL T2, L LBECIIE L $13582
D cephem HFlic X % IRERICIEGT LK G BI04 3
D cephem FAFLEINDZ Z LIXFRIZER L ¢
£\ LicAin T, Z DD antagonism DAL
RTEHB LI ERTH LR TERV A S Lk
Vo S. marcescens T\ TDARPD £ B (Table 1,
Fig.1 % X 0¢ Table 3) 258 ba/c b s b, Cefoxitin
AT O £3EA & 45 3R DZIHI & © In vitro antago-
nism DI, FHOEHDOEARITI - Thichi
#TB, L LRE—D 746l §4 % 3 > aminothiazole
type © cephem %] Cefotaxime & Ceftizoxime » S.
marcescens X35 MIC fEix 2.70 ug/ml 35 Xk
O 1.04 pg/ml THEFOZ OEBCHTHIE M 1L &
VRILBHN, TEHCThEh Cefoxitin Ai3EET5 &
Cefotaxime Ti3#) 7 £, Ceftizoxime TII#) 6 {5FHy
MIC »LH+5, X561 Cefotaxime 3 L 7¢ Ceftizo-
xime & Cefoxitin [14}® cephem #|& ¢ antagonism
DT MIC 0 ERR) X HEMNELT 3, = hil,
S. marcescens @ Cefoxitin-induced B-lactamase
(Richmond type 1) =3 % M 3K #| © stability &
affinity 2URIFE LW D THS 5, LH L% B-lactam
¥l & D antagonism DOFER & LTEAL L Ceftizoxime
D MIC f#ix, Cefotaxime ® MIC & X » HiIEET
Hotco Lo T, ZDFED antagonism HMNEE,
In vivo THERINI-LTHIT S. marcescens 17 k %
RPK LT, BROFHEEY L OFHHHINCHE S
hicB e, MEROBRLBICAENE U etk s 2
xbhs,
X Bk
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ANTAGONISM OF CEPHEM ANTIBIOTICS AND B-LACTAMASE
INDUCTION IN GRAM-NEGATIVE BACILLI

Fumiakr Ikepa, Hirosur Kojo and Minoru Nisuipa

Research Laboratories, Fujisawa Pharmaceutical Co. Ltd., Osaka, Japan

Sacuiko Gorto and Suoco KuwaBara

Department of Microbiology, Toho University, School of Medicine, Tokyo, Japan

Cefoxitin, cefmetazole, cefazolin and cephaloridine antagonized the in witro antibacterial activity

of third generation cephem antibiotics against most of bacteria possessing inducible cephalosporinase,
such as Serratia, Enterobacter, Citrobacter, Indole positive Proteus spp and Pseudomonas aeruginosa.
The extent of antagonism varied among cephem antibiotics tested, and the ability of cefoxitin and
cefmetazole to antagonize was more potent than those of cefazolin and cephaloridine. No antagonism
with cefoxitin was found in the mutant strains of E.cloacae possessing constitutive B-lactamase.
Cefoxitin-induced antagonism in strains of E.cloacae was inhibited by a carbapenem derivative, the
B-lactamase inhibitor.



