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Cefodizime(THR-221) DERBRE NI E S, PBP IIxtT A RAEL LV
Wik, v AT IOT - VOB IIBMBRED

B g - BHRMR - AT - FTHRT
WER B K3 IR AR 2 2

# LV S A cephem RILEWR Cefodizime(THR-221)D ¥ 5 LA E I T A M APIE, CTX IS
Holedf, CAZIWETFMN ol 75 AREDMBHIZIL, CTX LABREDRENI ELRLIA,
MM TIL, CTX ® CAZ X N4 57 THR-2210) Pseudomonas R DMt 3 M 111385 <, Ente-
rococcus MO M IZVER L% A 5 720 THR-22113 E. coli, P. rettgeri, A. calcoaceticus @) PBP (Z%% L
CTX & DMV REARMMMEERLADT, CTX & WHREHHH 2D IIERONBEREA CTX L W E

U‘f:btg‘i 7% (WAN

THR-2213 ¥tk & P EE OGN OBREERER L. $1ED1/BMICHFET T AR IO
77—V (Mg, KIBHARE B REMHLL, MEDENIEMIZMD cephem L ) RIFTH 57
AHFIZIE= 7 XA PMN B X UM ¢ 1233 5 R chemiluminescence L RERIZBO Lz o 1At
1 cephem £ ) PMN, M ¢ DMBEAI ) AARNE VDT, ZhIRGFZECAHREO—HEEZ

bhi,

Cefodizime( THR-221) % Hoechst, Roussel # T& K &
Y, ENFEOKBESELRRFARREIA TV 5EHH
cephem RAEMK TH 5, ABRENMEN 12, Cefotax-
ime(CTX) %DV bW 5 ESF A% =4 cephem 12455
B, ERBYSEICN T HEENHEIL, CTXELHE
nHEHHFEN TV DY, FFRDOBMIX, THR-2210
ABREBEARE N L O E= A cephem DTN L BT
B E L HIT B-lactam EFIEM A TH 5 penicillin B EE
BHE(PBP) IS+ 2 BMH L RE Lo AR
HEND L VDI D EH O A RRLEHIRE L DR H D
HAAEBEOIIZLEH E LT,

1. RRF &

1. ABREAREHORIE

BEPR 5B S. aureus 508k, MRSA 44#, coagulase nega-
tive staphylococci (CNS) 45 Bk, S. pyogenes 26 ¥, S.
pneumoniae 218k, A BELIALD B-streptococci 158k, Rz
% R plasmid ¥ {zZiE L7- E. coli CS 2 5088k, K. pneu-
monige 458K, P. mirabilis SOBK, P. vulgaris 41¥k, M. mo-
rganii 52K, P. rettgeri 258k, E. cloacae 44%, S. marcesc-
ens 498, C. freundii 478k, P. aeruginosa 49%k, P. cepac-
ia 38 ¥, X. maltophilia 28 ¥k, A. calcoaceticus 47 ¥k,

ABPC W% H. influenzae 244k 8 & U B. fragitis SOBRICXT

¥ % THR-221 D R/MNREH FHIL BB (MIC) Dl € 131k %
BMEFROED L FRAERE® ©, — KWL TH
R LI-EDI cfu/ml FiEHREY 1 AKXy VEHET LA
ETERL .

Lo HEKERICI HIERENX—RE LS %A
KX %, H. influenzae 1213 HI ®EXIZ Fildes Extract ¥ #¢
U784 %, B. fragilis 121t GAM EX X EH L /-1
i3, 27T Mueller-Hinton X IZFEH % &ML T MIC
ExITo7

H B K| 1L Cefotaxime (CTX : NF X b T v /%),
Cefmetazole (CMZ : =3t), Cefazolin(CEZ : #iR¥ ML
%), Ceftazidime(CAZ : HHAEE), Latamoxef(LMOX
JEFFEMNE), Ceftizoxime(CZX : HiIREMIE), Cef-
menoxime (CMX : KA ¥ ), Aztreonam(AZT : BEX X
2 4 7), Cefoperazone (CPZ : B ILi{ft%), Ampicillin
(ABPC) & L 72,

2. PBP IZX¥ A& BAROKRE

S. aureus 209 P, E. coli NIH] JC-2, P. rettgeri 21, S.
marcescens 1338 X UF A. calcoaceticus 5 % 10 ml @) L-bro-
thY P TI7C—HIRBIE R L /2o £ DEE %500 ml 35
TN HIZ AN7:200 ml DL-broth 2L, 37T,
4 FrRRRSE L CH BN SR OB 87, &
HE B THRBE L, 0.01 M phosphate buffer T 1 @7
# L7, ®WMAL%0.05M phosphate buffer(pH 7.0){210
mM O MgCl: % I X 7= ¥ IZ##3% L, BRANSON sonifier %
HWT20KC, #1¥20%, HAH50W T2 30, &
Bk, MiBERE L7, 3000Xg, 159MOBH
ELTeell ZBE, LiF#%100,000Xg, 305#.0 LT
5% % ¥ 72c MgClz I phosphate buffer (pH 7.0)T 1
BI#gE# L, [ buffer ICHBi#dE L T15 mg/protein i IC
R AHBICHEEE L7, PBPIZXT 5 THR-221 D844
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A, SPRATT DFERX YR L TIT o7 TRHE30
O B R TE] 43 o VS 4% T I E ) JE A% THR-221001%
W3 pl 2INZTI0CI04M KL &4 78, “C-PCG(50
uCi/ml : AMERSHAM) 3 pl 2i#8INL, &61230C104
MRS S 7z, 20% (W/V)D sarkosyl (2 FEH AT PCG
60 mg/ml FHM LW 3 ) 2EMLTRIG R IE®D, TiE
B4 %10,000X g, 30 HHELTRE, ikt el
acrylamide PR ER kRIS 0T 2, SRS VOMRE Y
acrylamide 8 %, bis-acrylamide 0.06% CE X 2V ¢ W
SF PEBPH A OFB LT RITTEZV, BAKBRT
%, 7 %EEBRIIS0O% X ¥ ) — LV TEBELYESL, HMmH
T& 5 2, 5-diphenyloxazole(DPO) % dimethylsulfoxide
BTYNICRAATE, BRETTYVEAERT S, &R
L7:% )V % Kodak X-Omat AR5 film (> ##K L, -+t
FPT—80C, 3MMIBEL, LY MY 74 VA%H
LT, THR-221M PBP i3 A B AR EDENA —
FITATT T4 —%To T

3. THR-221 & Mtk & DG H M IEA DR

THR-221 subMIC i2, Hi4 DIEH| % & tr L-broth 2
E.coli NIH] JC-2% iR 5E R L, SEMZOEBE AL
5, XM ZET VP ORBMOEFLUTICZ %R
BEL RO, #iki2, TROENVE Y FIFEFERAL,
BREDHE, ZORMDHMIIKRESILVWEREIRE,
T HH0.75 units/ml 2KH7=,

L-broth F1T37C 18k M i AT 5T % L 7= E. coli NIHJ
JC-2 MLIZHRL, S5ml§DO0D L-broth, 0.75 units
#W1E&A L-broth, subMIC ® THR-221&# L-broth
& 1075 units DAL subMIC O THR-221 5 ¥ &t
L-broth D F N FHIZ1X10° cfu/ml DEZER L 7,
ICTHRBER R LA, 1, 3, 55 % U2k
BIZEFNFhO—EERY, FRETEBEREAELT,
TREFROBEBDEH*HEL 72,

4. THR-221E < 7 AEEM ¢ L OB HMWEBERE

43: 10, 15

subMIC ® THR-221& =7 A% M ¢ & DB HIEAIL,
EEODOHE TRE L. T4bb ICREYY ABE
% saline G T#HY, EH M¢ 2 HLTED, 24RD
FALCON multidish D& well IZH/¥— R 1) v 7% AR,
10% fetal calf serum S0 F 12553biCiE L - Mg MR %1
X10*EIC 2 HRRICEREL, 5% CO FFET TIICT—K
BELL, PHMRBLERE, HEEF1255#20% L-CM"
EFMAAbD% Iml BNk, 37C, CO: ¥%, 2BM1T
>TM¢ 2iEHILL 7z % B &, 37CI18KFR] L-
broth THIKE3E L 7= E. coli NIHJ JC-2D /25 X 105cfu/ml
SUFI28# % 1 ml 708 well (2R 72 —#5D well
124, THR-221ABRBELI~1/16 MIC IZ% 5 & 52

RTHERELL, 371C5% CO: FEIET T 5 Mm% L,
A=Yy TEBY M LT, saline G THeigik, 24
J=NWTHEZEL, Giemsa fefs L THMREMB L7,

5. PMN, M ¢ ® chemiluminescence {Z%f¥ % THR-

210kK%

4~6;MMD ICR B~ 21212.5 mg/kg ? THR-221%
BTIEML, EDI8KEMMICE 512100 mg/kg DEH %
BRTHEMLZ. 2EEBOEFZSHR6BMBIIYY A%
BHEL, £EKAKTHENLEM¢ FRIL 70
PMN I RE# S BEMI30MA1120.1% 7)) a2 — %~ ¥ A
HEHL, Mg IRIL FMICERRIEK TR % - TR
L7 TREFROHETH-MEH, KBFIMs T
721 PMN TH A Z & % Giemsa ETREIZE W2
L7

M ¢ 3 7:13 PMN 5X 105cells/ml % RERE I A#, ph-
orbol myristate acetate(PMA)30ng, WV I /7 — VHEI0
pl XMMZ, VWIT7+ bA—-%—TD4000%EAL, I
I -VREEEHL 7, BIEMEIX, 105MEHAITHTV
FORKM% cpm THRR L.

6. THR-2210~7 "7 A HMMERANDIR D AHDOKE

FROFETERIELATY AEEM$ BLU0.1%
F)a—-7 BERREHTHERL Y A EREB MK
(PMN) 2 F N FN10% fetal calf serum F 1255 #1125 X
10%cells/ml 2% BRRICIREL, 77 RXF v 7 HLEI
1ml §¥25E L7 FREFRORBKREIC THR-221F 7:
12 CTX % BAIMAE100 pg/ml 7% BBICINZ, 37C,
5% CO: FFIE T TO0MRIR L 720 ELTHIM KD,
FREF 125 CHE L7k, 0.3~0.5ml OFF K%M
Z, MRELHEL:, COBREBHPOER % P. min-
bilis ATCC 21100% ##R® & L, bioassay TIRESIE L
Too ERRIZ2~3EBNEL, TOFHETERL .

I, & |
1. THR-221DEHEMEERKR S BB T 2 REA
nEn

THR-221i%, Fig. 1 D& B9 S. aureus SORRIR 7 Mk
i3t L, xEBEHI CEZ, CMZ, CTX & N EFH o7
CMZ LIS FERIIE, 20%REALNS MRSA IZIZEA
EER LV, DKz, MRSA 44%i2%4 5 Fig.
2 DKL S bHS M TH D, coagulase negative sta-
phylococci (CNS)45#kiZ%¢ L Tid, Fig. 3D L B CAZ
L) 2R WHEANER LA, CEZ, CTX, CMZ X
04577, S. pyogenes 26¥kIZIX Fig. 4 DL B, THR-
21i3ENMEHERL, LMOX ICIZbBAHA, CAZ
L )l DD 5T S. preumoniae 2181213 Fig. 5 D
& {, THR-221D#E ik CMZ, CAZ (Zfh, CEZ
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Fig. 1 Susceptibility distribution of 50 clinical isolates of S. aureus
to THR-221 and other cephalosporins
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(%)
1001
5 4
0
X
é, 50+
= .
=
§
Q -
0 T T T T T T 1§ \J T 1
<0.013 0.025 0.1 0.39 1.56 6.25 25 100 >100 (ug/ml)
MIC
Fig. 2 Susceptibility distribution of 44 clinical isolates of S. aureus (MRSA)
to THR-221 and other cephalosporins
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Fig. 3 Susceptibility distribution of 45 clinical isolates of coagulase-negative staphylococci (CNS)
to THR-221 and other cephalosporins
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Fig. 4 Susceptibility distribution of 26 clinical isolates of S. pyogenes
to THR-221 and other cephalosporins
10® cfu/ml one spot
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EERETH o0, CTX SRS -7, ABUSND A-
streptococci 15BRIC Xt T 2 i 1id, Fig. 6 D e B Y
LMOX, CAZ iZMBh, CzX LFEET, CTX, CMX i
& AN

R7% o 7:50MM D R plasmid ¥ D E. coli CS 2 Tk
33 5 THR-221D4 M B4, Fig. 7D & B CEZ,
CPZBXUCMZ K hHhihii, CAZ L AZT L[
ETCTX L W ETFH 570 K. preumoniae 45814 LT
b [T THR-221 DM 113 CAZ L IZIZRS TH - 7:
(Fig. 8)o P. mirabilis (%3 5 THR-221DH M 171334
{, CTX LE#E TFig. 9D & BN, D cephem L b
2 HERTV /. P ovulgaris 4183 L T b Fig. 100
LBY THR-2211X CTX 2B Vi 2R L, CEZ,
CMZ, CPZ & BN T\ 7z, M. morganii 52BRIZ AT 5
MR, CAZ LEIEETH b (Fig.11), P. rettgen 25
BRICH LT THR-22113 Fig. 120 & B h CAZ L FEHE
DB %R L7, E. cloacae 448k xF L Tid, THR-
221D NI Fig. 13D & B Y CEZ, CMZ & h R T
V72 hf, #D cephem (213 E T4 5 /oo S. marcescens 49
BRIZH 35 THR-221D4E N it Fig. 140k B, CPZ
L FRE T CTX, CAZ, AZT |Zi3% 572 C. freundii
47#IZ1E THR-22112 CEZ  CMZ & W 7% DV H

FER LA, Fig.150&BH CPZ, CTX HiZid% -
7zo Fig.161=5RT £ 8, THR-2210 P. aeruginosa 49%
W3t AHM D IE, P%ET MICw 1250 ug/ml Th o

=0 Fig.17, 188 L U19D T &  THR-221D P. cepacia
38%k, X. maltophilia 28%k 3B & Uf A. calcoaceticus 4T¥ I
HLTHEEDNHE N 2R L7, ABPC 1% H. influen.
zae 24251+ A THR-22104 M H iz, CTX LA
BEETHONMBRER L L% ) EATV72(Fig.20),
Fig. 212 kS 8 B. fragilis S0¥ (2433 5 THR-2Z1DH
EHERL7Z. CPZIZHY CTX EFBRETH %N,
THR-2211243, 20% BEREREHKI A LN,

2. THR-2210 &M PBP (Zx4¥ 5458 BLAME

CTX £ HBEHI & L7 S. aureus 209 P @ PBP (2344
5 THR-2Z2ID#ES BRI BER L VEBA TV
(Fig.22)o E. coli NIHJ JC-2 PBP i23¢ L T & THR-221
DESHEMEIXCTX MY, HIZPBP1Bs 2358
DR S AN TS > 72(Fig.23), P. rettgen 210
PBP (2%t LT THR-22143, Fig.240 & BhH CTX &Y
D DEN TV /2, S. marcescens 130 PBP 1212 CTX &
BIZEABEEOESRMELFig.250 B YRLT, A
calcoaceticus 5 @ PBP (23 L Tix THR-221 D4 B
it, CTX & h ETF M - 7:(Fig.26),

Fig. 5 Susceptibility distribution of 21 clinical isolates of S. pneumoniae
to THR-221 and other cephalosporins
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Fig. 6 Susceptibility distribution of 15 clinical isolates of g-streptococci
to THR-221 and other cephalosporins
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Fig. 7 Susceptibility distribution of 50 subclones of E. coli carrying various R (bla) plasmids
to THR-221 and other cephalosporins
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Fig. 8 Susceptibility distribution of 45 clinical isolates of K. pneumoniae
to THR-221 and other cephalosporins
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Fig. 9 Susceptibility distribution of 50 clinical isolates of P. mirabilis
to THR-221 and other cephalosporins
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Fig. 10 Susceptibility distribution of 41 clinical isolates of P. vulgaris
to THR-221 and other cephalosporins
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Fig. 11 Susceptibility distribution of 52 clinical isolates of M. morganii
to THR-221 and other cephalosporins
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Fig. 12 Susceptibility distribution of 25 clinical isolates of P. rettgeri
to THR-221 and other cephalosporins
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Fig. 13 Susceptibility distribution of 44 clinical isolates of E. cloacae
to THR-221 and other cephalosporins
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Cumulative percentage

Cumulative percentage

Fig. 14 Susceptibility distribution of 49 clinical isolates of S. marcescens
to THR-221 and other cephalosporins
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Fig. 15 Susceptibility distribution of 47 clinical isolates of C. freundii
to THR-221 and other cephalosporins
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Fig. 16 Susceptibility distribution of 49 clinical isolates of P. aeruginosa
to THR-221 and other cephalosporins
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Fig. 17 Susceptibility distribution of 38 clinical isolates of P. cepacia

to THR-221 and other cephalosporins
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Fig. 18 Susceptibility distribution of 28 clinical isolates of X. maltophilia
to THR-221 and other cephalosporins
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Fig. 19 Susceptibility distribution of 47 clinical isolates of A. calcoaceticus
to THR-221 and other cephalosporins
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Fig. 20 Susceptibility distribution of 24 clinical isolates of ABPC-resistant H. influenzae
to THR-221, ABPC and other cephalosporins
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Fig. 21 Susceptibility distribution of 50 clinical isolates of B. fragilis
to THR-221 and other cephalosporins
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Fig. 22 Competition of THR-221 and CTX for Fig. 25 Competition of THR~221 and CTX for
penicillin binding proteins of S. aureus 209P penicillin binding proteins of S. marcescens 13
THR-221 CTX /ml THR-221 CTX (ug/ml)

Fig. 23 Competition of THR-221 and CTX for Fig. 26 Competition of THR-221 and CTX for
penicillin binding proteins of E. coli NIHJ JC-2 penicillin binding proteins of A. calcoaceticus 5
THR-221 CTX (ug/ml) THR-221 CTX (ug/ml)

Fig. 24 Competition of THR-221 and CTX for Fig. 27 Influence of sub-MIC THR-221 (0.16ug/ml)
penicillin binding proteins of P. rettgeri 21 on the bactericidal effect of serum
THR-221 CTX (/e complement ( E. coli NIHJ JC-2)

(cel;so/’ml) Control

Complement 0.75U/ml
+20% Human serum

1074

Sub- MIC THR-221

Viable cells count

) Sub- MIC THR-221
10°+ + Complement 0.75U/mi
4 +20% Human serum
0 T T T T T 1
1 3 24 (h)
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3. THR-221: ML DIGHRBMER

E. coli NIHJ JC-2iC # DM KW H L 2 WM ik
EOENE 5y MMk, T2bHH0.75 units/ml £20% &
MRS, subMIC @ THR-221 0,16 ug/ml % 8¢
3L, Fig2inkBh, TRERMMTIMR ML h B
[ papl: [ F-3 (AN

4. THR-221D2 7 A M ¢ L OB HNRKEHBM

|

TEHLL ey A% M I E. coli NIHJ JC-2% MM
THEELMITH L, 2~3REMMICIZ L KL 7@t
LA, SEEMMICIE Fig.280 Tk { MBATHA
AL, M¢ WML TH¥ 5, THR-221 1/2MIC
FAETTRAMOEREITI &, Fig.200:BhRMEh

Fig. 28 Death of mouse macrophages phagocytizing
normal cells of E. coli NIHJ JC-2 grown
without drug, at 5hours after infection

Fig. 29 Mouse macrophages phagocytizing
filamentous cells of E. coli NIHJ JC-2
grown with 1/2 MIC of THR-221, at
Shours after infection

7: filament IROMMMIZ & (LS h, MéIcKZRYE
SV B ITER2RBICIE S 5, RNRE, 1/4
MICIZ LT b 7 M¢ DRMA 2 filament KOWDOH
FAIZMY Fig. 300t Bh Mg iR nzv, 1/8
MIC @ THR-2ZZIFETCOMOMMIBET L 256
0D, Bl kb KMESh/MRIEFig.31D LB Y AL
HEsh, MéiREMSAZV, '

5. PMN, M ¢ @ chemiluminescence (=%} ¥ 5 THR-

2210K%

HEWREET CRMBRA, WAL R ANKHLT
2AHICIk, NOREREIERNOLETTRERLLY,
KWk, BHICHLENSC L, MRS IEMAMW
hiATh, X¥LAHMMRD lysosome FORBEW KRG

Fig. 30 Mouse macrophages phagocytizing
filamentous cells of E. coli NIHJ JC-2'
grown with 1/4 MIC of THR-221, at
5hours after infection

Fig. 31 Mouse macrophages phagocytizing
filamentous cells of E. coli NIHJ JC-2

grown with 1/8 MIC of THR-221, at
Shours after infection
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Table 1 Chemiluminescence activities of mouse normal peritoneal macrophages and stimulated PMNs derived
from ICR male mice pretreated with THR-221

Cell type Chemiluminescence peak count (cpm)
Treatment Macrophages PMNs
Control 2.31+1.62 12.8113.31
THR-221 2.30+1.58 12.96£5. 29

Table 2 Intracellular concentrations of THR-221 and CTX in mouse PMNs and macrophages preincubated

with 100 ug/ml of the drug for 60 minutes at 37C under 5% CO:

Cell type Intracellular concentration (ug/10°cells)
Drug o PMNs M acrophages
THR-221 0.123 0. 306
CTX 0. 06 0.019
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THMB LAY ADM¢ 8 LU PMN DEEH EIL¥
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CEFODIZIME(THR-221), ITS IN VITRO ANTIBACTERIAL ACTIVITY,
BINDING AFFINITY TO BACTERIAL PBPs, AND SYNERGY OF BACTERICIDAL
ACTIVITY WITH COMPLEMENT AND MOUSE CULTURED MACROPHAGES

TaxkesH! YokoTA, Ryushi Nozawa, Eiko Suzukt and Kyoko ARai
Department of Bacteriology, School of Medicine, Juntendo University, Tokyo

The activity of a new cephem antibiotic, cefodizime (THR-221) against Gram-positive bacteria was found to be some-
what superior to that of ceftazidime, but inferior to that of cefotaxime. This antibiotic manifested strong activity against

particularly virulent Gram-negative bacteria, as does cefotaxime, although its activity against slightly virulent Gram-

negative rods was a little weaker than those of cefotaxime and ceftazidime. THR-221 showed weak anti-pseudomonal

activity and no activity against Enterococcus spp..

Since THR-221 showed a slightly stronger binding affinity to the PBPs of E. coli, P. rettgeri and A. calcoaceticus, its

weaker activity against those bacteria than cefotaxime might be due to poorer penetration through the outer membrane.

THR-221 manifested moderate synergy of bactericidal effect with serum complement. Furthermore, mouse cultured

macrophages engulfed well and rapidly digested cells of E. coli NIHJ JC-2 in the presence of higher than 1/8 MIC of this

antibiotic. The synergy with macrophages was found to be better than that of other cephem antibiotics. The reason for

the better synergy with leucocytes was confirmed by our finding that a higher amount of THR-221 was incorporated into

macrophages and polymorphonuclear leucocytes of mice than with other cephem antibiotics, although no direct stimula-

tion of the chemiluminescence of the leucocytes was confirmed in our laboratory.



