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Fig. 1 Patterns of development of resistance of Escherichia coli
NIH JC-2 to Cefroxadine, Cefatrizine and Cephalexin
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Fig. 2 Patterns of development of resistance of Staphylococcus
aureus 209-P JC to Cefroxadine, Cefatrizine and Cephalexin
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Table 1 Cross resistance among Cefroxadine, Cefatrisine and Cephalexin of the

organisms isolated after transfer through CXD-containing broth

MIC (pg/ml)
Strain Transfer CXD CFT » CEX ®
100 | 100 e 100 | 100 10° 10°
0 6.25 3.12 1.56 1.56 6.25 6.25
5th 6.25 3.12 1.56 1.56 6.25 6.25
10 th 6.25 3.12 1.56 1.56 12.5 6.25
E. coli 15 th 12.5 6.25 3.12 1.56 12.5 12.5
NIH JC-2 20 th 12.5 6.25 3.12 1.56 12.5 12.5
25 th 12.5 6.25 3.12 1.56 12.5 12.5
30 th 12.5 6.25 3.12 1.56 25 12.5
35th 12.5 6.25 3.12 1.56 25 12.5
0 0.78 0.39 0.39 0.20 0.78 0.78
5th 3.12 0.39 0.78 0.20 3.12 0.78
10 th 3.12 0.39 0.78 0.20 3.12 3.12
S. aureus 15 th 3.12 0.39 0.78 0.20 3.12 3.12
209-P JC 20 th 50 1.56 3.12 0.39 25 3.12
25 th 50 1.56 3.12 0.39 25 3.12
30 th 50 1.56 3.12 0.39 25 3.12
35 th 50 1.56 3.12 0.39 25 3.12

= CFT : Cefatrizine (Banyu seiyaku).
b CEX : Cephalexin (Takeda yakuhin-kogyo).
¢ Inoculum size per ml

Table 2 Cross resistance among Cefroxadine, Cefatrizine and Cephalexin of the
organisms isolated after transfer through Cefatrizine-containing broth

MIC (pg/ml)
Strain Transfer CXD CFT » CEX ®
100 | 108¢ 100 | 100 10° 100
0 6.25 3.12 1.56 1.56 6.25 6.25
5 th 6.25 3.12 1.56 1.56 6.25 6.25
10 th 6.25 3.12 3.12 1.56 6.25 6.25
E. coli 15 th 6.25 6.25 3.12 1.56 6.25 6.25
NIH JC-2 20 th 6.25 6.25 3.12 1.56 6.25 6.25
25 th 6.25 6.25 3.12 1.56 12.5 6.25
30 th 6.25 6.25 6.25 1.56 25 6.25
35th 6.25 6.25 400 1.56 400 6.25
0 0.78 0.78 0.39 0.39 0.78 0.78
5th 1.56 0.78 1.56 0.39 1.56 0.78
10 th 6.25 3.12 1.56 0.39 3.12 3.12
S. aureus 15 th 6.25 3.12 1.56 0.39 6.25 3.12
209-P JC 20 th . 6.25 3.12 1.56 0.39 6.25 3.12
25 th 25 S 3.12 1.56 0.78 25 6.25
30 th’ 25 3.12 1.56 0.78 50 6.25
35 th 25 ' 3.12 1.56 0.78 100 6.25

o CFT : Cefatrizine.
b CEX : Cephalexin.
¢ Inoculum size per ml.
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Table 3 Cross resistance among Cefroxadine (CXD), Cefatrizine (CFT) and Cephalexin (CEX)

of the organisms isolated after transfer through Cephalexin-containing broth

MIC (ug/ml)
Strain Transfer | cxXp fﬁ_ CFT E@;fﬂ‘ o
100 | 100 10* 10° 100 | 100
0 6.25 1.56 1.56 1.56 6.25 6.25
5th 6.25 1.56 1.56 1.56 6.25 6.25
10th | 12.5 3.12 3.12 3.12 | 25 | 12.5
E. coli 15 th 12.5 3.12 3.12 3.12 25 12.5
NIH JC-2 20 th 12.5 3.12 3.12 3.12 25 12.5
25th | 25 6.25 3.12 3.12 25 25
30th | 25 6.25 3.12 3.12 25 25
35th | 25 6.25 3.12 3.12 25 25
0 0.78 0.39 0.39 0.20 0.78 0.78
5 th 6.25 0.78 1.56 0.20 6.25 1.56
10th | 6.25 0.78 1.56 0.20 12.5 1.56
S. aureus 15 th 6.25 0.78 1.56 0.20 25 1.56
209P JC 20 th 6.25 1.56 1.56 0.39 25 6.25
25 th 6.25 1.56 1.56 0.39 25 6.25
30 th 6.25 1.56 1.56 0.39 25 6.25
35 th 12.5 3.12 1.56 0.39 25 6.25

& Inoculum size per ml

Kt L TIRIORUBRABICER Lo BlEDKDIC
CXD €& % E. coli TEE @ BN T3tk LA &
DOHTHT»HTH o 7edf, LR LIBAITIIMD 2 FA
COREMENBD S NIco —F, S. aureus Tit, 5
R L0 21%10%/ml E#/Rs D MIC Kzhzh
4{EB L UL6#EIC ERZER L7 (Table 1), Zho DB
Abto 2Ficxtd s MIC $iZIZFETLTER L

UL, 105/ml gRICLS MIC 543 &, Mtk &
LB THOTFPLERLIICTELD ST,

CFT %Z%ID E. coli Tz CXD & DOIREMMIT B
St o7eht, CEX EORITIR10%/ml ERKICDA
IREME N AD STz (Table 2), AFZF Bk S.
aureus Tt CXD B Lt¥ CEX LD 2 W25 5
Nice

CEX HZFIHkD E.coli 3L S. auresu T3 CXD
BLU CFT LO3EMMUMNED SN,

ULo#ERERA T2 L, FHMBECLIEAREN
HEHERR T, LITUORREXICH LT EEH
HEORERZEC VIS ERASHLT, BLLr~a
DT M RIR I Wi BA A & R EmE 4RI 8
AIASED 5170

HFH¥kDOBIR : P. mirabilis, K. pneumoniae, # XU

E. coli ® #h®h 5k, BLU S. aureus T %5%
LF VHRCEESE, BERICERL TEKD LD %
Kdtco ZDRE Table 4 L RTABMREEOED
TERLFHOHRVEKE LTBREN, ChdDOEKD
LDy, #5EM (Table 4) (2{b3REH-EMIC FEH (£ 7THE
KIETHZEBHSNIDT, DBOERCHRATEC
EE L7,

KRAERORFRIHM : LEREEBRITH 4
BORLEEICHT 3 CXD, CFT, 34U CEX o MIC
i3 Table 5 [TRTEEBOT, LIRS EIZHELE D
Shico

RYPIEHR: FRABOS LT BER W1
LDg/0.5ml) % MEARICEEIN~-Y 2T, &1
KR, CXD, CFT, 54k U CEX o#AREEThZh
FROMICHE 5 LT EDs (mg/kg) %3K¥7: (Table6)o
EDso i P. mirabilis {Txt LT3 CFT HtE\kb/hM& L,
DT CXD, CEX O JEICIEN A& 185720 K. pne-
umoniae T % L Tiz CFT<CEX<CXD, E. coli itxt
LTIz CXD<CFT<CEX. S. aureus {¢xt L Ciz CFT
<CXD<CEX DJECAKE 2> TW B L& B
EDsy & 20 (EHERAM (95%) ICESLTEEAWD
PR A RN BEACEICHBETEERDELDICE
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Table 4 Virulence of infecting organisms

31

Infecting organism LDgo = LDg ®
Proteus mirabilis 32 8.5x10¢ 1.3%x107
(2.2x10'<LDg=3.0x 10%)°
Klebsiella pneumoniae 28 7.3x10¢ 5.7X10"
(2.7X10'<LDg=2.0x10%)
Escherichia coli 32 1.6x10° 3.8x10°
(5.0 10'<LDg=5.0x% 10%)
Staphylococcus aureus 76 2.1x10° 2.2x107
(1.1x10°<LDs;<4.0% 10%)

‘& 509% Lethal dose (number of viable cells per mouse) calculated by
probit analysis from experimental data.

b Estimated by probit analysis.

¢ 959 Confidence limits of LDsg.

Table 5 Minimum inhibitory concentration of Cefroxadine, Cefatrizine and Cephalexin
against infecting organisms used for experimental infection of mice *

MIC (pg/ml)
Organism CXD CFT CEX
10* 10¢ 10° 10¢ 10® 10°
Proteus mirabilis 32 6.25 6.25 1.56 1.56 6.25 6.25
Klebsiella pneumoniae 28 6.25 3.12 3.12 1.56 | 12.5 6.25
Escherichia coli 32 6.25 6.25 3.12 3.12 | 12.5 12.5
Staphylococcus aureus 76 6.25 1.56 1.56 0.78 6.25 3.12

* Heart infusion Agar, 37°C 18h.

Inoculum size ; 10%/ml and 10¢/ml (Tryptosoy broth).

Table 6 Chemotherapeutic activity of Cefroxadine, Cefatrizine and Cephalexin against
infections of Gram-negative and Gram-positive bacteria in female ICR mice *

Challenge dose

EDso (mg/kg)®

Infecting organism
(cells/mouse) CXD CFT CEX
Proteus mirabilis 32 1.0x107 8.8 0.69 62
(4.9~16) ° | (0.51~0.96) | (34~110)
Klebsiella jmeumoniﬁe 28 4.7x107 510 38 230
(83~3,100) (16~91) (110~470)
. Escherichia coli 32 7.0x107 91 130 400
(34~180) (63~250) | (190~-870)
Staphylococcus aureus 76 3.3x107 1.2 0.70 4.1
(0.72~2.1) | (0.39~1.3) (2.6~6.4)

* Infection : i.p.' challenge with 5% mucin suspen

Administration of the drugs : p.o.
b Calculated by probit analysis.
¢ 95% Confidence limits of EDso.

sion of the organisms.
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P. mirabilis 32 : CFT>CXD>CEX ; 2 ¥ M ICH
BEMBH S N/o EDy OERHMEE, CXD % 1.0& L
TLEDIFICIEEXB ERATFTSEM), 0.78:1.0: 71,

K pneumoniae 28 : CFT >CEX, CFT=CXD, CEX
=CXD ; ERFIMCH EBIWH SN o720 EDg
DAERE=0.075: 1.0 : 0.45,

E. coli 32 : CXD=CFT, CFT=CEX, CXD>CEX;
CXD 3 CEX kb bR MKTH o7, CFT Ly
I EREMNBH SN otce CFT & CEX WiCh
FRZEIRDSNIEM57ce EDy OESHE=1.4:1.0:
4.4,

S. aureus 76 : CFT =CXD 0>CEX ; CFT & CXD
LOMICRBERENBDONLEh o720, Cho 2HKid
CEX X% RMNKTH>7z0 EDsp D #3xHE=0.58 :
1.0:3.4,

ULORREENT 5L, K pneumoniae & 4y %53
T, CXD opimshsiz CEX kv i3@h, CFT & i
NXUEPPTFOPRIXEEHLALBTEMNTE S,

x 2

REEEIC LD E. coli BLUY S. aureus ©» CXD
BIUBEEA CFT & CEX T x93 R EH W
HERABRE KA CXD NS4 3 »thT E. coli %35
BIRR L7, Mt ERIZIZEAEBS NI ST, S.
aureus TRIFHEDIGIERED CXD EET CHLRE L,
— RN ER LiehilH L o0, ERET MIC %
HE L& C ATt LREE R 2 510 X750 & At¥IER
Lfco fl1D 2 FHICODTHIZIZART, LT hOEHF
CH L THMUERREDOHTECDICL L, ==Y
YR ERERT CEMBDHO N 78, CXD i
st 20w ERIZ, CFT 3&U CEX T4
AREMBELL > T IZIZFHE S FE R A CFT
CEX ZRBIREHICHOBAIS AL,

BOREICLS CXD Ot EREDRE~v A% H
WlORO+7 7 o 2 £ ) v H & HBRE Uize 20k
#, CXD o@gpi®shgid CEX ko &h, CFT &
EAXMEPPHEOLIRAS AR INIRENESH
7o ZDT LT ZAK SV DMBARBR LD D &L
X %o HIERY O RBEANEERICHET 2 ER BT
i3, CXD o1 CEX & CFT odificird 3
EARE NI, WEIER X0 BB ER 2 CEX
KOASHICRNTH B LRI NI =9 DKL
T3 % B $hR & R3H D 8 Bikk I 3143 MIC

(Table 4) & HIZFHT T 3 HEANS 5 NI, T
i3 MIC 188 L THHMHRICHEEDH 5 BabS
Shice T1bB, P mirabilis BgDOBAD CXD &
CEX, K. pneumoniae Bz 7 % 3AIDBATEH 3,
Pkoc &iz CXD o4k To il iz, MIC kb
b UAEMERPHMEMIERICL > TLSRRLH
THBELBIBELENTELS. £DEBKT CXD Dl
REIRIIAETH B0

PIEMBB LXUABTHXINRMERET S L, BE
HATHAINTHAEOL7 rox Y vF CEX {C
H~x2&, CXD 35z =7 rADETIRELULTL
A, LN, BICESATORROMNENRTIS L&
MTEES.

] *

RABLUB  O@ETLREC KL E>1cBERF 04
¥ - ot, RALRUCL LI RERIIE, 5
AR, BIULF 55L& >t BUTFHNER
RAMLETESTICHLENLET.
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BACTERIOLOGICAL EVALUATION OF CEFROXADINE
(CGP-9000), A NEW ORAL CEPHALOSPORIN : IN VITRO
DEVELOPMENT OF RESISTANCE AND IN VIVO
ANTIBACTERIAL ACTIVITIES

RiNTARO NakAYA, NoBuicHI GoTo, SANKICHI HORIUCHI
NoBoru OkAMURA, TosHIO CHIDA and HARUMI SHIBAOKA
Department of Microbiology, Tokyo Medical and Dental University School of Medicine

SapavosHl UEeDA, Iwao IsHIzuKA, YosHIKO Sasaki and MASANARI IKEDO
Institute of Environmental Sciences, Eiken Chemical, Ltd.

Cefroxadine (CGP-9000, CXD), a new orally active, broad-spectrum cephalosporin, was compared with
cephalexin (CEX) and cefatrizine (CFT) in the capacity to develop resistant organisms in vitro. Aseries of
transfers of E. coli and S. aureus strains through medium containing cefroxadine did not lead to develop-
ment of significant level of resistance. Similar effects were observed with other drugs. The oral protective

effects of cefroxadine in miceinfected with S. aureus, P. mirabilis and E. coli were far more potent than
those of CEX, but approximately equivalent to those of CFT. It was concluded that cefroxadine is con-
sistently more active than CEX, but is slightly less potent than CFT. ‘



