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Cefozopran, (—)-1-[[(6 R, 7 R)-7-[(Z)-2-(5-amino
-1, 2, 4-thiadiazol-3-yl)-2-methoxyiminoacetamido]
-2-carboxy-8-oxo-5-thia-1-azabicyclo [4. 2. 0] oct-2-en
-3-yl] methyl] imidazo [1, 2-4] pyridazinium hydr-
oxide, inner salt monohydrochloride X Staphylococcus
aureus #VI U D XT3 7 7 LABHE» S Pseudomonas
aeruginosa xZ07 7 LRMEIC £ TEIL BN EE
HERL, BEOL7 2 LR ICALNTLANTYIDEN
PHBEARY bVEFT 549, K% Tt cefozopran O
HMEFOFMO—BE LT, S aureus, Escherichia coli &
U P. aeruginosa DX=%") v FEEEHYE (PBP) ~OBFM
W, RE-BEIERZ > VK REBELFERER 2B O+ 7
= LFREH L RS LTz,
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1. BEREH

Cefozopran, cefpirome (CPR) K U cefclidin
(CFCL) B EHERTESASHARE=MFEMTE
B U7z %, ceftazidime (CAZ, BE& 757 V) &k
U flomoxef (FMOX, HEFRHE) IMHRMLZ AW
7o

2. FEABKMUEERE

EERERTE S. aureus FDA 209 P, S. aureus N 200
P (MRSA), E. coli NIH] JC-2 RO P. aeruginosa
P 9 i3 Trypticase soy agar (TSA ; BBL Microbiol
ogy Systems) TH#fX L7z, S. aureus FDA 209P K
U'S. aureus N200P & Mueller-Hinton broth (MHB
; BBL Microbiology Systems) T, E. coli NIH]J]C
-2 1 Trypticase soy broth (TSB ; BBL Microbiol-
ogy Systems) T, P. aeruginosa P 9 i& King A broth?
TENRENITC, —REEBRHEBRICH LTz,

3. B/IEBFMHIEEE (MIC) OfIE

ERXFRERETO MIC 3 BEbEEEFSEE
ENCHE U THIE Lz, BEFERETO MIC i3 MHB
FRHOWTHBL 2 105CFU/ml DB 4.5ml i 2
fEAFEERTIOZER 0.5m] Z¥HML T 37°C, —&
BE#E%, WIRMCESIOREIFED & ik wR/NER
BEL L,

4. PBP ~OHEMMHE

SECOERERAO B OREESY & ) F L 7 PBP % [“C)-
benzylpenicillin (Et ¥& % 2X10°Bq/mmol) & 30°C,
10 FRERIGE, S. aureus 1 Utsui 59D H ik, E. coli
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Table 1. Antibacterial activities of cefozopran compared with those of ceftazidime, flomoxef, cefpirome and cefclidin
MIC (ug/ml)
Organism Cefozopran Ceftazidime Flomoxef Cefpirome Cefclidin
agar broth agar broth agar broth agar broth agar broth
S. aureus FDA 209 P 0.39 0.78 6.26 12.5 0.2 0.39 0.39 0.78 6.25 12.5
S. aureus N 200 P 50 100 >100 >100 50 100 50 100 >100 >100
E. coli NIH]J JC-2 0.05 0.2 0.2 0.39 0.05 0.2 0.1 0.1 0.1 0.39
P. aeruginosa P9 0.78 0.78 1.56 1.56 | >100 >100 6.25 3.13 0.78 0.2

& U P aeruginosa V& Nozaki 590D FEIZH#E L T
SDS-HKVT7Z7VNT I RFVERKEIE 7 VAo
57 4 —%TVRE L, PBP X3 5 #HEREAIOFH
FtElX, & PBP ~® [“C] -benzylpenicillin D#E&
%50 BFHET 2 ERFRBRE (I,) L LTELK,

5 REEA

#10°CFU/ml AR L - HEHEK 9 ml & 2 EHRE
ERFIOEH 1 ml 2 TFRERECFEL TE/ —
RIFBIEHIEE T 37°C THE LI S EMBRERER
BN IEREO—E 2L, S. aureus RV E. coli 1%
BE#HE KT, P. aeruginosa i¥ King A broth TH#H
FRET, TSA ZAWTCEREE L, 31°C, —&
BEG, FBELEI0—HIVERE 1 mlFOE
B (CFU) %®Xk®7z,

6. WBHEIEA

MHB % fv>T# 105CFU/ml i FA% U 7 9 BR R %
Biophotorecoder (TC-106, Advantec) % F\>T 37°C
TIREIEE L, EBEH 95 BITELRFET 2 5HR
BERVOEF 2HML TUBROBEROBELZLE
BEMMIC RIS L T2,

7. REERERORNERMEC L SREBRE

REEROE TR L =D L EABFOFETERELR
BWEREW 2 EAERBERTIOER 2 HEML, 2 KRkU4
R ER® 1 ASEHERL, A4 K77 ALk
WBHK LIz, BRI TRERITY, AFL Y7L
—BWTHREHERL /-, BEEILOHE X Tsuchiya
SNDHE/E > TITo> T2,

8. (IHESAMSIIC L 2 IWEEE

AT7ARNT I A LCELZDBREDEXR %5t TSA
BEEFERL, O LCHBRERBER LI /N—TF
AR, AEE T 7 ¢ »TH UK, X% 37°C 12
RBELIAMEEEMS I EE L, RENCEE, BY
L7z,

9. ETEMSC L oHERE

EHMELUL-EIZ0.05MAaIVEEF b)Y 7 AL
W (pH7.2) WCHEMEL722.5% 7V — LT LFE
F T 3 BFREIRETEE L, Kellenberger #E##® (pH 6.1)
THEEREERICER L 1 %A A IV LABRTIS

BRI EE Lo BELICE%R Y / — IV RIITHiK
L, £& (SEM) RUZERETFEME (TEM) BHEHR
DEF % Nakao 5D AHEHE-> TIERL 72,
II. & 2

1. H&EH

AEERI AW HERE X T % cefozopran DOFLE
St IEEEA L L 7B R % Table 110Rd, S
aureus WX % cefozopran DHE I 1& FMOX kU
CPR & ZIZ[EI% T CAZ ® CFCL % L[El> 72, E. coli
12X L Tid cefozopran i3 IBER L AFE L L L PR
BMOIEAIERL, P aeruginosa WXt B iEME I
CFCLIZRWTEHW I MR SNz,

2. PBP N0

BIHERE O PBP X ¥ % cefozopran & UF X} B &
KOFME 2 FANIHERE Table 2 X7R7, Cefozo-
pran i& S. aureus FDA 209 P ® PBP 1 RU 2 icdw»
BHRMEERL, Zho PBP T 3 L,fEid FMOX,
CPR %2 £ in vitro FUEEHESEU L - HBER TO
{EEIZIZRFETH 72, S. aureus N 200 P O PBP 2
1%t L T cefozopran & CPR & R < & WEHAM % 7R
L7zo E. coli NIHJ JC-2 @ PBP @ 5 % cefozopran
XY 7 x A% LR PBP 3 WEIRICE WEA
MERL, FO LB MIC WML 72, P. acrugi-
nosa P 912 B> T cefozopran i PBP 1, 2 RU 3
WEREH PR NT V ADENTEAEEELTED,
PBP 31233 % L5 MIC & D bIEETH - 72,

3. HREEA

Cefozopran R UL 7 = LAFED S. aureus FDA
209 P, E. coli NIH] JC-2 72 & UNZ P. aeruginosa P 9
Y A REFAREE&KR % Fig. 110K, Cefozo-
pranid S. aureus FDA209P 3t L T 0.39xg/ml (1/2
MIC) VL ETHREERA %R, FEIOMES IEL
72 LNEYRERETH >, E. coli NIH] JC-2 2%t
L T cefozopran 13 0.1 gg/ml (1/2 MIC) LA L TRE
YER %2R L, X 2 BN ORE I I3 7
x A¥ % kA 57z, P aeruginosa P9 XL T cefoz-
opran % 0.39 gg/ml (1/2 MIC) M ETREEMH %R
L, BEHOBISINBL 7 2 AEELRZRLLPR
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Table 2. Affinities of cefozopran, ceftazidime, flomoxef, cefpirome and cefclidin for PBPs of S. aureus, E. coli and P. aeruginos

. Iso(/lg/ml)u
Organism PBP
Cefozopran Ceftazidime Flomoxef Cefpirome Cefclidin
S. aureus FDA 209 P 1 0.067 0.208 0.16 0.090 0.14
2 0.171 0.568 0.092 0.289 0.94
3 9.31 21.7 0.085 10.1 >100
4 10.4 42.9 0.57 46.1 90.5
S. aureus N 200 P 1 0.058 0.23 0.33 0.083 0.285
(MRSA) 2 39.6 235 1380 21.4 93.7
2 0.16 0.58 0.11 0.157 1.89
3 1.3 7.4 0.13 1.27 96.0
4 3.7 19.7 0.014 35.2 64.2
E. coli NIH]J JC-2 1A 5.2 1.4 0.21 6.9 61.8
1B 6.5 2.9 1.5 2.7 60.0
2 43.6 58.9 78.2 3.7 66.9
3 0.24 0.17 0.10 0.098 0.30
4 40.7 >100 4.4 58.3 >100
5/6 >100 >100 <2.38 >100 >100
P. aeruginosa P9 1A 0.23 0.15 0.068 0.10 1.0
1B 2.8 13.8 1.7 8.3 21.2
2 0.20 0.17 >100 78.4 >100
3 0.053 0.034 0.032 1.7 0.033
4 2.3 9.1 0.040 3.4 45.7
5/6 >100 >100 <18.6 >100 >100

®Concentration required to inhibit [**C] -benzylpenicillin binding by 50 %.

kB> 7,
4. YEHTEH

Cefozopran R USIEY 7 = AFD S. aureus FDA
209 P, E. coli NIH]J JC-2 %2 & TNZ P. aeruginosa P 9
WS S EERRBUER % Fig. 2 WRT, S. aureus
FDA 209 P 1%t L T cefozopran 13 #2 EKE M O EHE
MHEZE %L, 1.56 ug/ml (2 MIC) AL THEEIC
L2BEOBIBAHASNI, BT 2 2ED> b
CAZ B U CPR O ETER X cefozopran & X IZFE%
THH, CFCLOEBIZZIhE D B o7z, E. coli
NIHJ JC-2 %L T cefozopran X 0.1 ug/ml (1/2
MIC) AL TEHLZBEOB L 2 b6 Lz, CAZR
U'CPR Tt 2 MIC A ETBEDRD A S LT,
CFCL TRBEOHEINBHEIN DA TH> T, P.
aeruginosa P9 Td cefozopran & & 0 ¥ O ENHS
PREEEANIY, BARAEAONT, WNBLT L L3
KBOWTHHL L RBHEEREIRD shth o1z,

5. BEAEREROIOLEEMEC L AERERE

Cefozopran % & IR ¥ 7 » A THEHK SIS
E. coli NIHJ JC-2 B U P. aeruginosa P 9 DFREZE1L
o7 74 NV% Fig. 3T, E. coli NIHJ JC-2 T
i3 cefozopran fEM 2 BefiI#212 0.1 xg/ml (1/2 MIC)
D EoEE cHfars#RbL, SBERTIIA 720
77 AMNEREEIBENE Aot 4 R
X MIC LD & D EREB TCOBREENE E > 72,

P. aeruginosa P9 Tid cefozopran fEF 2 BEfE & i
0.1~6.25 ug/ml (1/8~ 8 MIC) DL\ iBE S M
FABFRMICEREL, S5 EEE TREROLR
BEE oM, MBL7 2 AR I VFEFHEINBHEE
{ED 7 a7 7 4 Vik cefozopran D % FLIZEEM L T2,

6. NIFEZESAMEEIC L A TREEE

S. aureus FDA 209 P, E. coli NIH] JC-2 RU'P.
aeruginosa P9 % cefozopran 7z & VI B x 7 = &
EOEMICHEE C4BFHINEL 28O ELILE
Fig. 4 1C7" 7o S. aureus FDA 209 P 305> 24558
FEInTBT s b, MBENE#HLLL:, E
coli NIHJ JC-2 TR AL L 7z MifEc sy B v
BRA7 2077 MREBESERENDZ L LB, B
BENE B SN, P. aeruginosa P9 Tidlfay 7
17 A2 MEL, ZDFRE/NMO/V D DTS
nihs, BEKEASNE ST,

7. BTEMSBIC LI EEE

S. aureus FDA 209 P, E. coli NIH]J JC-2 RU P.
aeruginosa P 92 D> T MIC @ cefozopran T 4 fi
W% DETEAMBESR % Fig. 5127 T .S, aureus FDA
209 P MRS HSHE S W TEAEL, BEOEE
DBRETH Tz, k70, MKESKFTHEL TAR
BTS2 S HBREINI:, E coli NIH]J JC-2
BERIET 2L L bz, MlRELFECRD, HMEE
BROMEE > THE L7, P aeruginosa P9 137 4
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Cefozopran Ceftazidime Cefpirome Cefclidin
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Cefozopran Ceftazidime Cefpirome Cefclidin
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Time (hours)

Bactericidal activity of cefozopran, ceftazidime, cefpirome and cefclidin against S.aureus FDA

209P (a), E. coli NIH] JC-2 (b) and P.aeruginosa P9 (c). @, Control; O, 1/4 MIC; A, 1/2MIC; A,
1 MIC; B, 2 MIC; (J, 4 MIC.
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Fig.2  Bacteriolytic activity of cefozopran, ceftazidime, cefpirome and cefclidin against S. aureus FDA
209P (a), E. coli NIHJ JC-2 (b) and P. aeruginosa P9(c). Arrows indicate the time of drug addition.
——, normal ; - , 1/4 MIC; ----- - 1/2 MIC+--- , 1 MIC;——,2 MIC; —-—, 4 MIC.
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i i
Cefozopran

8 QOOMN WY
."1“!"’."1"‘!"’.“."’."1“!:\:

0SS SmnEmno NRBE oS53 ~m6~

Concentration (u g/ml)

(a)

§ I QOOAN W
8 HAN—HNMRSBAN G S
RO D =

| I

l l

Cehaz:dlme

MmN D el els]
SonABB=EN SoaBBRENI,o 8888
ocecod—m‘wﬁax%ggn%% 03533 o NRBERT
Concentration (7 g/ml)
(b)

Fig. 3 Morphological response profiles of £. coli NIH] JC-2 (a) and P. aeruginosa P9 (b) cells exposed to
cefozopran, ceftazidime, cefpirome or cefclidin. Arrows indicate the MIC. Vertical axis indicates
the proportions of : WM, normal cells ; B, filaments ; [J, spheroplasts and lysed cell debris.

v MET B EE I, BEERKIAIC VYA
Uzhs, fERNCIZIZFEA LR AE N5z,
1. * -3

Cefozopran 13 2A~EERIC A V> 72 BERE O BOEARH &
AN5 PBPEEWEHMME 2R L, S aureus FDA
209 P Tix PBP 1 U2 ~OFEMEMNE L, Migx 7
= LED D LHEEESELIL 72 CPR b RAIKOHES
BERMEE T UT. S aureus 2B 5 PBP D&EICD
WTRBRETSCRBIAIh TV LY, HEHEEEY

S IR HE, BHEIER ORI IZEE D PBP OHE
HBEELTEY, BICBEOFERICEIPBP 128
503 DOEFHESLEL T 51019, Cef
ozopran tX S. aureus FDA 209 P 2t U T EKE]
DOFREER & MR O RE % 5 > BEER 2R LIS,
s DHEER I PBP 1 RU 2 ~DEWEFNESY
R i1 Bbhs, MRSA Th 3 S. aureus
N200P DBSEHER & & h 3 PBP 2’'~ D cefozo-
pran OEFMIX CPR 2RV TE L, ASoHEESE
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Cefclidin

(@)
Phase-contrast micrographs of : (a) S. aureus FDA 209P; (b) E. coli NIH]J JC-2; (c) P. aeruginosa
P9 exposed to cefozopran, ceftazidime, cefpirome or cefclidin at their respective MICs for 4 h.
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CEIDERZPEFREE2bDEEbNnDE, —F, P aer-
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BB MICHE X D b/hE L, FETRIMESEHZR
EEEr LTERELTWA Z L BNHEE RS, Cefozo-
pran i P. aeruginosa P93 L T MIC AT ORE
THREERE RN, ZOBIZA S BRI
FEZTXTHEOBRIETHD, BEIBISR»o
Jeo LiehSo T, D -7 7 & LFOIDEHE LAk
cefozopran DIFA 2 Z D EO—IZBEET 5 Z &
72 < viability #%.3 b D EeFE 2 5h b, Cefozopran
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(c)

Cefozopran

Fig.5  Electron micrographs of: (a) S. aureus FDA 209P; (b) E.coli NIHJ JC-2; (c) P. aeruginosa P9
exposed to cefozopran at the respective MICs for 4 h. Bars represent 1 um.
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Antibacterial properties of cefozopran,

a new cephem antibiotic

Masafumi Nakao, Yumiko Noji, Tomoyuki Iwahi,
Toshiyuki Yamazaki and Akira Imada

Pharmaceutical Research Laboratories III, Takeda Chemical Industries, Ltd,
17-85, Juso-Honmachi, 2-Chome, Yodogawa-ku, Osaka 532, Japan

The in vitro antibacterial properties of cefozopran, a new semi-synthetic cephalosporin, were
evaluated by comparing its affinities for penicillin-binding proteins (PBPs), its bactericidal and
bacteriolytic activities, and its effect on bacterial morphology with those of ceftazidime (CAZ),
flomoxef (FMOX), cefpirome (CPR) and cefclidin (CFCL). Cefozopran and CPR had higher affinities
for PBPs 1 and 2 of Staphylococcus aureus, and more potent anti-staphylococcal activity, than CAZ and
CFCL. All four antibiotics had similar activity against Escherichia coli, and showed similar affinities
for PBP 3 of this organism. Cefozopran, CAZ and CFCL were more potent than FMOX and CPR
against Pseudomonas aeruginosa, and showed higher affinities for P. aeruginosa PBP 3. The broad-
spectrum antibacterial activity of cefozopran can be explained, in general, by its high affinities for
PBPs. Cefozopran, at half its MIC level or higher, was bactericidal against all the bacterial strains
examined, as were the other antibiotics tested. The bacteriolytic effects of cefozopran against S.
aureus and E. coli were comparable or superior to those of the reference antibiotics. Exposure of S.
aureus to cefozopran resulted in the formation of cell walls with irregular septa which subsequently
thickened and collapsed. Elongation was the major morphological change in E. coli and P. aeruginosa
cells treated with cefozopran. E. coli cells were converted to ‘ghosts’, infrequent in P. aeruginosa, after
prolonged incubation with higher concentrations of cefozopran.



