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Filve7 > v Y v FHE, ceftizoxime (FK749) 3100 % O Y7tk Bk ts, FR 14060
(ceftizoxime D 770 methoxyimino A% anti hTHB) OHMEEN, <=V v HEEEHY
(PBP) BFtE:, ABEBMER XV -7 7 x ~—€iextT % etk d Escherichia coli 35 YO
Enterobacter cloacae #REE & L THBE L1z, ceftizoxime (% FR 14060 I bR TEME 2
oA, MEDHEEBUER LV L7 7 0 AHY F—€HD B-5 7 5~ — VT 5LEMIC IS
T, BIbDRERALRAEN T, L L, W& PBP x4 5 @ik L f<= oy 5
—¥H -7/ g =T AREMCE LSRN RSN, PBP la X0 1bs o+ %
[MCI-R=2 ) v GOEY 50% FAET S DTN ceftizoxime DYEIEIL, E.cloacae 35 LUF
E.coli HEM@IZEH T 3.2~1.0 pg/ml LUFTHotco —FH, ZhbD PBPs it LTS
FEB5 0 hE i FR 14060 DEEEIL ceftizoxime D 10 {2 EThHtoo == ) +—£H
B-7 7 2 =— ¥ ceftizoxime X b FR 14060 #ELhCHiET 543, BiEO Ky ErKZ
DEHREHOTEERI R =) F— L OFECHE IR ol ThEDEEMND ceftizoxime
& FR14060 OHEEK DERIE, Tz PBP © 1bs OBl 5 HEIHIIGEE D 2266 K G O P =)

ROZERCHKTHEELON S,

ceftizoxime (CZX, FK749) » B HE S L &ED
77 ABREECH LTRHVYHEE#R)RY b2 LT TR
BELLY (Ao MBEMaED £4RCET 55
b, -7 7 2 aFOEPBAIIR=> ) VELSEN
(Penicillin-binding protein, PBP) & ¢ 3 %5 —F
DEBATHD ZEMHLMIT I 5o &K E.coli
T, PBP © la & 1bs RiEA&T5 B-5 7 # 2 F#
HEYRMEE L, PBPO3cgEeTs -5 7 %
LHEMEE 7 4 5 2V MET B E, % PBP 04H
MEHNAKRECHEA IR TELTY, bhbh ik cefti-
zoXime DY EFH O ¥ B THEMNT,
xime L xh X VB DL B ceftizoxime D 7 (hE K
fk, FR14060 % fEMEfED EH» b Kk L1z, RE|EIC
BWTX, E.coli 88X E.cloacae #RERBE L LTH
v, M#EH o PBP w5 B, HEEGRKE B-7
I AR~ T ALER, R DT LD TE
DERYHET 5,

I EBRMHEGIUFHE
L H4AWES X ORE
ceftizoxime %5 0 FR 14060 |3ERKBTEGR) R

ceftizo-

RPARAICE TER I DR L, cephalo-
ridine X BEIEBTHEME) GER) L DA Licf[H4C]
R=yYvGHY YLl (WK : 56 mCi/mmol) ik
Radiochemical Centre (Amersham ; £ ¥ 1) &) kb
A LT X #7424 (X-Omat R) X Eastman
Kodak #f (Rochester ; U.S.A.) X hfA LTy £D
DRI L THRDO I AMED S D& V7,

2. {HEREKk

Escherichia coli DCO ¥ XU D% @MEZE R DC 2
{Z M. H. RICHMOND f#i+ (Bristol X; 1 ¥V *) X b
5% 5T, T OMITHRIRIEM T (R R BF 52T R
HEDEERMERROEK TH %,

3. PBP i3 5 HEABFIEDRE

E.coli NIHJ JC-2 % X O¢ E.cloacae 58-5 © PBP
X B A BT OREL SPRATT OFEERY ET
BIE LI FOFECRIE Lico SBAEM %Y Antibiotic
No. 3 broth (Difco #:%! ; Detroit, U.S.A.) HTH
FL, HPOEMEIAO%IMATEEL, 0.05M J vER b
) v AR (PH7.0) AW T—EEGHLT2ALRAL
EEPC IR U, BMEEERSE (I BT =0
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A THER OB L TR Lictk, 150,000Xg T 30
SR M X b I R ik & LTiBiz, 10mM
OHL= 7k oy a8t 0.05M Y v b Y v afh
i (pH 7.0) % IV T—HEMH Lictl, M UHRAIHC
WMBEIWEES 20 mp/ml Lin X 5 TRRRIED Lo

30 pl DORES OB L 3 pl O BRIRH D KB
IXBWAL, 30C T 10 HMHRE L CRIE &R, &
B 3pul @ [UC] R=w Y v GH Y WAl D KEW
(100 pCi/ml) %-fnx T, TFY* 30C T 10 SHHR# L
TRIE X, WD~ =Y v G & Sarkosyl DI
AREML T [MC]R=v) v GOMELIFLEe,
M OEE Y Sarkosyl 12 X hEIEILLY, TR~
% 10% SDS-7 2 9VAT7 i FOXAPTHEELI, ¥
AV BONNER 45 X% LASKEY® SHDH i X » T 7
NARZS7 4 —FACREL, FHERXCX HfRse
TeX#7 4 L AER —35C T 70 BRRE SR,
B, Bfrse=b « A%y F— CS-900 (BEMfE
T KE) % FHWT Densitometry #f77c\, [MC] R
=) vGOREARY 50% B3¢ BRIEH OBRE
I" ZHIE Lo

4. B-5 7 x=—XEHNTHREN

B-7 7 5 = —¥iewT 5 EHOREML, ERADO+
Noe R =W X FoHIL 200-20 EHIENES (A
BUPERT 5 BR) RV TEERAMOBRIROELE JE
LTk, V = » 7B I IcHIRBEE X b Sepha-
dex G-100 XA\ ic ¥ LABIC X b -7 8=—¥
PEORERL, TOEEY 150 pg DO IEHF XVt 200 ¢
mole DY vE» Y v A18EK (PH7.0) wR®ML, &
KEEY 3.0ml L LT 37C D« wA ¥ —TRHRE
Lico B~ 7 2 2ABROIMKAFEEEL 260 nm i1
HEABIEERANCRET D LT X h R,

IR D 4+ BB D TG KIT I~ B FT DT hm
1Lk otee M1 DNHEERY 75 XARCHETS B-
57 8=—=2I LT, B-7 2 2 2D/ b0
IR ROBIJULTHY, M -5 7 5~=—u
W% 435 E.cloacae 91 123 LTV teo WEH:D
AN, ZIMMERMANN 50 0J5 Lk Vs, f-5 7 p~—
LiRgitle B-7 7 4 sFIRIERT 58 EEIIbhbh
DY U128 DYk E. coli DCO 3 XU EDE:H
LBk TH B DC2 2+ 5 MIC Dk fiET 5%
HETHDH, £DOFHEE LUWESHE1Z M. H. RICHMOND
B9 % X0 N.A.C.CURTIS L2 X h#iE XhTw

%o
6. PiEiEME

PWEE ONBILIERFRERE I X » 7o RREY
Trypticase soy broth (BBL ; Cockeysvill, U.S.A.)
WA AKK T 100 {EFERL
120 2 fEHFGRFIOBERIEH % &1 Heart infusion £
Kz (Difco #+8) T, STEERS' replicator!? %\
THERZEML, 37C T 18 /W L 20 BERMERE, B

T RATERL,

NREIEREE (MIC) #HELA,
II. # #

1. HEEHE

Table 2 Stability to B-lactamases

Relative rate of enzymatic

Antibiotic hydrolysis
Cephalosporinase | Penicillinase
Ceftizoxime 0.50 <2.0
FR 14060 0.58 13
Cephaloridine 100 100

Values indicate the relative rate of hydrolysis.
Hydrolysis was followed by direct ultraviolet

5. ceftizoxime 35 X0 FR 14060 @ E.cloacae ¥

X E.coli HEDF:EM:

absorption assay.

the antibiotic was 50 ug/ml.

Table 1 Antibacterial activity against gram-negative bacteria

The starting concentration of

MIC® (ug/ml)

Organism Ceftizoxime FR 14060 Cephaloridine

Non-p-lactamase producing strain

E. coli NIHJ JC-2 0. 025 0.78 6.25

E. cloac‘ae strain 58-5 0.1 12.5 25

K. pneumoniae strain 20 <0.003 0.2 3.13
B-lactamase producing strain

E. coli strain 18 (Penicillinase) 0. 025 0. 39 6.25

E. cloacae strain 91 (Cephalosporinase) 100 400 >800

a) Minimum inhibitory concentration was determined by inoculating 108 cells/ml
cell suspension onto heart infusion agar which was determined at 37°C for 20 h
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Table 3 Enterobacter cloacae™ outer membrane permeability

Antibiotic Vinax K or Ky (uM) | Approximate Dekmenbility
Ceftizoxime 0. 0856 0.404%) 0.59%
FR 14060 0. 0993 0.168 0.82
Cephaloridine 100 581 . 1

a) Strain 58-5
b) Relative rate of hydrolysis

¢) K; value was used as a substitute for Ky, value of W.ZiuMERMANN et al.
d) Values indicate the ratio to permeability coefficient against cephaloridine

3

Table4 Comparntwe antibacterial activity of cephalosporins against. Eacheﬂphm coli

DCO and its permeability mutant

i MIC® (ug/ml) MIC ratio
Antibiotic
E. coli DCO® - E, coli DC 2% E. coli DCO/E. coli DC 2-
. Ceftizoxime 0.05 0. 0125 0.25 ‘
- FR 14060 - 1.56 0.39 0.25
Cephaloridine - 3.13 3.13 1

"a) ”S.e'e fpbt note a Table 1
b) Parent strain

¢) Permeability mutant of DCO0 described by Ricaxonp ef al.

ime . ?
- i
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Fig.1 aSl:,:n:'}l(q:ture qf ceftizoxime and FR 14060

‘ceftizoxime L FR 14060 DHEEKY -7 74 <
-NEA ¥ gL D 7 7 AN E Y RRERE LT
BB Lz, Table 1 iU X 5, ceftizoxime X
B-9 7 x=—2%gd Ui\ E.coli NIH] JC-2, E.
cloacae 58-5 3s X V% Klebsiella pneumoniae 20 13§
LT FR14060 X h#h2h 32 3, 128 f&¥ XUF 64
ERVARES AR LT, ceftizoxime X ¥c_=>)
F—¥hEETS E.coli 18 w3 LT FR14060 X b
I HRVHEEEY R L —F, €7 7RARDF
—¥%@4T5 E. cloacae 91 itif LTIk ceftizoxime

1‘ — e — . .

as- It A i sl
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Fig.2 Affinity of ceftizoxime and FR14060 for
penicillin-binding proteins of Enterobacter clo-
acae strain 58-5
(Concentrations of added cephalosponns to the
membrane fractions corresponding to seven
columns were, in turn from the left to the
right, ceftizoxime 25 pg/ml, ceftizoxime 5 ug/
ml, ceftizoxime 1pg/ml, non (control), FR
14060 1 pg/ml, FR 14060 5 pg/ml and FR 14060
25 pg/ml, respectively) '

OHEEMX FR 14060 X b 4 M TH T
2. ceftizoxime 35 XUt FR14060 @ -5 7 5 <=—
wieHT s RERE

ceftizoxime D -5 7 # = — T HREME FR
14060 & LB Lz, FLAWIIE7 » R AR Y F—HIC
W LTIEERRET, HORBECELLLNERN T,
FhERBRE, =¥ r—-LeHTEAEHORE
EAsoERARbRI, ThbD ceftizoxime
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Table 5 Competition of ceftizoxime and FR 14060
for the PBPs of E.cloacae and E. coli
Iyo binding cone. (ug/ml)® 15 iy s
PBP E. cloaca_a strain E.coli NIHJ JC-2 ; ]
CZX» | FR 14060 CzZXx FR 14060 4 -
ta ] <LO ) 20| <32 <32 1T e
1bs <1.0 13 <3.2 35 & il '
2 >25 >25 >80 >8 Fig.3 Aflinity of ceftizoxime and FR 14060 for
3 <1 <1 <3.2 <8.2 penicillin-binding proteins of Escherichia coli
4 >25 >25 >80 >80 NIH]J JC-2
5 ND® ND >80 >80 (Concentrations of added cephalosporins to the
6 ND ND >80 >80 membrane fractions corresponding to eight
- columns were, in turn from the left to the

a) Values indicate the concentration of the anti-
biotic required to reduce [**C]-penicillin-G
binding by 50%

b) Ceftizoxime

c¢) Not determined

BR=v ) F—HiL > TR IR ocnl, FR
14060 1% CER D# 1/10 BEAM I his,

3. ceftizoxime 35 XU FR 14060 0 7 5 At @
BoE A

ceftizoxime ® E.cloacae 91 O i} B HEBFBB 2,
CER 0FBFEL 1 & Li-BXETRT L, 0.59 Th
b, FR14060 0 0.82 X b 245, ZOKHEL E.
cloacae 91 =3+ 5HFEX D MIC LiX#ETH - 7o
ceftizoxime 3 XX FR14060 & E.coli DCO ¥ X U¥
ZOEBEEREKE DC2 iwxf+5 MIC Otk Tabled
R Lo HRMEREL ceftizoxime 35 X Ut FR14060
X UCHE X D REETH - 78, MIC HoEPR
CHEVCTRARACEIAOI Y, E. coli DIEHsHE
PEFOBBEHTHRER, AEEACHLTRETH
-o'/’l:o

ZhibDfERIL, ceftizoxime & FR 14060 o E. coli
¥+ X E.cloacae T 5 HEEEOER X MEMNE
DOEBENFER TN EEZRL TS,

4. ceftizoxime 3 X 0U° FR 14060 o PBP 3%
HaBfE

Fig.2 XU Fig. 31X [UCl =) vG&&AL
T\ PBP D74 r 37 ChHBMN, E. .cloacae 58
-5 3 X0 E.coli NIHJ JC-2 iz s\ VTR 7 &K D2
v FiEE» b, CURTIS LOWMEP -7, PBP 1
62 FhERRAE LI, E.cloacae ® PBP izxf L
Cit ceftizoxime ¥ 1a, 1bs 5 XU 31 LTS
SEFMEYRL, FhEhD Iy fi 1pg/ml LITFT
%ot (Table 5)o —7J, FR14060 ® PBP la X

right, non (control), ceftizoxime 3.2 ug/ml,
ceftizoxime 16 ug/ml, ceftizoxime 80 pg/ml,

FR 14060 3.2 ug/ml, FR 14060 16 pg/ml, FR
14060 80 ug/ml and none(control), respectively)

U 1bs mibd 5 REABAER ceftizsoxime X b Y,
Ig fHEERFh 288 X0 13 S EL RV RIETH
27z, PBP 3 233 5 RARMEAERC 2320
¥, PBP 2, 4, 6 k3 2WEOKERAMEILLY
Errotes

E.coli NIHJ JC-2 o PBP ¥ LT3 E.cloacae
58-5 DPA L A, ceftizoxime (3 PBP 1a, 1bs ¥k
IV 3Tk LTHGEA BTN ¥ R LA, FR1400
% PBPla s XU 3R LTHERARMEERLL,

1I1. * =

E.coli ® PBP @ la 35 XU 1bs i@ DD
EH/IGBST 5% T/ b b peptidoglycan-
transpeptidase 35 X 0% peptidoglycan-transglycosidase
DOFHFHOERE® D, PBP © 1a I 1bs DA
BT B-7 7 2 25, ThbLOERBEEYHEET
BLERLoTA72m 7T A EHRL, BHEHES
ZEHELR TV B, ¥z PBP © 3iliE D septum
RS E T H B4, E.cloacae, K. pneumoniae,
Proteus rettgeri ¥ XU Pseudomonas aeruginosa %
¥1-Fh 6D PBP @ 1a, 1bs HB\E3M p-77%
LATAEWR LIS LSS, RgoBRELLRT

AERICE\T, bhbhuk -7 72250774
BT 5 B RIC ST 5 EBicR H, PBPIC
W oA, 8-7 7 2 = —ETHEELS L
UM BB E R BE L, ceftizoxime DHBEIFRAO
B1ER T ORI & O BT S\ TR AR L
2o

D. MIRELMAN % X 0% Y. NUCHAMOWITZ i, HR756
(cefotaxime) © 720 methoxyimino FATHRE
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Ligo T B{LAME, JTED HR756 X b transpepti-
dase T TAHBMFERNTE N L%, =—F 048 L
}= P.aeruginosa X-48 X FIWTRLTWBM, LnL
5, TOEOHESERNYED 5\ IIRE LR
HEEHBE L TRRA LTWIsW DT, 145 DL
HEEROERORED 120 WTREMH: & L T,
peptidase IR AETEMDER LR Licic T8 7¢
2

ceftizoxime &% DI{kRM:{k FR 14060 © -5 »
Fe—ERATARE®CEA LT, Wtamsb e
7B ARY) F—EEH LTIERCLRETH - 7oht, <=
YY) F—-ERH LT, ceftizoxime IZRRICERETHD
OF, FRI4060 XLCRRETHS &\ 5 IREHEL
Rl L LERLR=2 Y F—EZx$% FR 14060
DK,y ERKZ D, FDOR=v ) F—EXEETS
E.coli 18 w3t LT FR 14060 13RS HEIc X T5 D &
ARDOBVCIEER LR L, o TR=v ) F— ¥
335 FR 14060 OZEMIIFFIOHE A L
¥EZTWItWEEL bND, B EE R
LT AHHE TERBRD bhioh -1,

L L, EEOKREE IRBATC, ceftizoxime & H;
# 1T FR14060 (X 2 8D 7 5 ~[&lE D PBP la
BLV 1bs B THREABFMELVEETET LTS
ML 5 T, MMOMEER ST 5 R
FOTREBRLERIT RY5750W DT,
DHEENEL PBP D 1a 35X 1bs OFH DEEERE
HOEI X5 DT, FR 14060 OHEER OE T,
Thb ORERTE IR T 5 BRI/ b EE X S
h5, ceftizoxime & FDIthRMMARITIE, BT
WOBTFHTNRILD DT, FLEHEIOHIROERY
UHERFRICE 52 L TEALWA, ceftizoxime
DUBRMA TILENEE T 5 BMAETT5 2
Ly, BB L ceftizoxime DHAEFERIZRS T, 7
ffI$4D methoxyimino ENEEAREY B LTS
CERMTETHLOTH D,

X ik
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DIFFERENCES BETWEEN CEFTIZOXIME AND ITS STEREO-
ISOMER IN ANTIBACTERIAL ACTIVITY AND AFFINITY
FOR PENICILLIN-BINDING PROTEINS

Yasutaka Suict, Hitosur Kojo, Mamiko Wakasuct and Minoru NisHipa

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

A new cephalosporin derivative, ceftizoxime (FK 749, syn) and its anti isomer, FR 14060 were
compared in antibacterial activity, outer membrane permeability, stability to f-lactamases and affinity
for penicillin-binding proteins using Escherichia coli NIH] JC-2 and Enterobacter cloacae strain 58-5
as the test organisms.  Although ceftizoxime was superior in antibacterial activity to FR 14060, no
marked differences between the two agents were found in outer membrane permeability and stability
to cephalosporinase. =~ However, the affinity for penicillin-binding proteins (PBPs) and stability to
penicillinase of ceftizoxime and FR 14060 differed significantly. Concentrations of ceftizoxime required
to reduce [*C] penicillin-G binding by 50% were below 1 pug/ml for PBP la and lbs of E.cloacae
strain 58-5 and below 3.2 pug/ml for PBP la and Ibs of E.coli NIHJ JC-2. A more than ten-fold
higher concentration of FR 14060 was required for 50% reduction of [*C] penicillin-G binding to PBP
1bs of the strains tested. Ceftizoxime was several-fold more stable than FR 14060 to penicillinase,
but the antibacterial activity of both drugs against penicillinase-producing E.coli was as strong as
against non-penicillinase-producing E. coli because of the large K,, value of FR 14060. These results
indicate that the difference between the two compounds in antibacterial activity is likely to be mainly
due to differences in their abilities to inhibit peptidoglycan-polymerization.



