VOL. 28 S-3

CHEMOTHERAPY B

HFLOBORAE7 ro2f) YRIVEVE
Cefroxadine (CGP-9000) iz B34 2 i ZEHI W2,

PR E - E A I U ORT M
HRRMAERED YR

HL{MRINBROA Cephalosporin Rt MK Cefroxadine (CGP 9000, CXD) LD T,
Cephalexin (CEX), Cephradine (CED) % HoBt3 & L THIBSMMEZ 1T o 720

CXD 375 ~BHE, 75 sRUMBICH LTRLLIEA RS 5 227 LTED, €D
i iz CEX, CED Li2iZR%ETh > o BN B XIZTHERAFOERERN LcL A, &
#h pH, BHER, MARNLLICLD CEX, CED LiZiZRMDMEM AR L7zo Escherichia coli,
Klebsiella pneumoniae % R\ T HMAMHMICE XIZTEBERM LIcEC A, CXD L HERICIE
FAX¥BC CEX, CED kb & FERICEN REFERAE R L. BHABRERO FMMESRE L
o, 3FMT ZRBBSHIIh oo =9 A EBRIIRPAEIC M9 218 BMERICELT CXD i3
Escherichia coli, Klebsiella pneumoniae T CEX, CED kb 1.5~5{£3 L Eh/-ERVELFH

LTz,

PIL in vivo {tH>T CXD 3 CEX, CED {CH L I BREHF TS LK Lo

FF X

Cefroxadine (CGP-9000, CXD) iz = 4 = CIBA-
GEIGY Hits WL THRIALFHLLEOR 7 o2
#Y) v ERREYHETH V. {LFSE R 78-(D-2-Amino-
2-(1,4-cyclohexadienyl) - acetamido] -3- methoxy-ceph

Fig. 1 Chemical structure of 3 oral cephalosporins
O—(‘:HCONH s

NH:
OI:N Z~0CH,

COOH
cefroxadine

@-‘clucom{ s

NH .
N~
O CHs4

. COOH
cephalexin

NH.
N
= C

(0] Ha

. COOH
cephradine

-3-em-4-carboxylic acid €, #F= #¢ CisHi1sN:OsS
< 2H,0, HF R 401.43 0 KEORBEUMKTHR
BRBLERES, KEhids s/ -2 KPPBEFICLL,
/- dleREMAFLIRIBLEAERT NV,
CXD o2 Fig. 1 €73 & 5ic Cephalexin,
Cephradine iZ ¥l L T % v, Cephradine @ 3 fii®
-CH; 2% -OCH, XicB# L2 b0 TH 5 (Fig. 1o

ARRfthoer ozt ) Y REEMREARICY 5
LM, BERCHULOHRE2 <2 b v 2FL, £
OERRBRENTH 5%, BREER, BHEERBIUR
BB 1 5 e %Rz Cephalexin, Cephradine &
DHENTHEDLYY, e EBOB/ELLB A, #Eed
CHOMPBENSSh, ANTIREALHEINGC
LR RBICH#EIN B, 4EF L b3 CXD oMl
SRR % Cepha]exin.'Cephrédine EHEBRELTR
NEFokOTHET 3,

1. EBMEGLORRGE

1. {ER¥

#HF| & LTiE, CXD, Cephalexin (CEX), Cephra-
dine (CED) oWL>Fhd NEDOHS b DEA L
1o

2. A ~R7 b5 4



52 ‘ ‘ CHEMOTHERAPY

AUG. 1880

Table 1 Antibacterial spectrum

Gram-positive bacteria (10* cells/ml)

Test strain

Staphylococcus aureus 209-P JC

” Smith

” Terajima

” Neumann

” E-46

” No. 80(PC-R)

Staphylococcus epidermidis
Streptococcus pyogenes S-23
” Cook
Streptococcus faecalis
Streptococcus viridans
Streptococcus pneumoniae type 1
” type I
” type I
Micrococcus luteus ATCC 9341
Corynebacterium diphtheriae
Bacillus subtilis ATCC 6633
Bacillus anthracis
Clostridium tetani
Clostridium perfringens

CXD CED CEX
6.25 6.25 3.13
3.13 3.13 3.13
12.5 12.5 12.5
6.25 8.25 6.25
3.13 6.25 3.13
12.5 12.5 6.25
3.13 3.13 3.13
0.39 0.39 0.78
0.39 0.78 1.56
>100 >100 >100
>100 >100 >100
1.56 3.13 3.13
1.56 3.13 3.13
1.56 3.13 6.25
0.025 0.025 0.05
0.78 0.78 0.78
0.39 0.39 0.78
1.56 1.56 1.56
1.56 | 3.13 1.56
3.13 12.5 12.5

MIC (pg/ml)

KBREDY 7 LBHER S LU 5 sREEEICH
42 RBEARESH (MIC, sg/ml) % BHER{LEREE
LSRN RERERENEEY KX bRDIo TbLH]
33 IC Tryptosoy broth (TSB; HiK) %, RIEMIEH
i3 Heart infusion agar (HIA ; HiK) 2>, 37°C,
20M5 RSB OB/ NREH L ILEE (MIC) %Ki, 12
¥ Streptococcus B, Corynebacterium diphtheriae (T
BLTIR10% Bifn wEsin HIA £V, Haemophilus
influenzae W B TIL 5 %IHLEMBIRMN Brain heart
infusion broth % FL>T 37°C, 208 3L ik MIC
%, TIEKMEB D Clostridium tetani, Clostridium
perfringens |Ti3 Thioglycollate medium (TGC ; Bik)
% Neisseria gonorrhoeae, Neisseria meningitidis T\
Gonococcus ¥4 (GC; W) 2HA VLo —v 7 ERE
7, LFHhH3ITC, BRHEREK DO MIC 2R
7o

3. EEKEEERIC N 2 BRSEEH O & RZUAR

R4y BED Staphylococcus aureus 638k, Escherichia
coli 58#%, Klebsiella pneumoniae 42k, Proteus mira-
bilis 32#k, Proteus vulgaris 38%k, Proteus morganii
27#k, Proteus rettgeri 178k, Haemophilus influenzae

228KIC DL T B AL BOEP L B/ 367 FLIE BB 3 5
HEC LAt > THE M (10°cells/ml) & ZD100fEHEREK
(108 cells/ml) 2L MIC %K.

4. HEHCEIZTERFOLE

MEAICE XITT W pH, BMA M, EEERD
EE|IC DT, Staphylococcus aureus 209-PJC, Esche-
richia coli NIH JC-2. Klebsiella pneumoniae NCTC
9632 =B & L T, Heart infusion broth (HIB; B
K EROIEERRECI ORI L. T5bBER
pH O ®Ti3, pH %5.5, 6, 7, 8, 8.5 KWHELE
EfhTo MIC oE#E2ENARMOLETE, K
BE0%, 10%, 25%, 50%CatrithTcn MIC D
EBICLORI Lo T-BREROLECIRIEMPO
H&E% 103~107 cells/m & L 10 R RRFTo MIC
DEBIT K DBEF L1,

5. HMEHRICE XIZTEE

HEER IC B LIS Z B4, Staphylococcus aureus
209-PJC, Escherichia coli NIH JC-2, Klebsiella pne-
umoniae NCTC 9632 £ REHE & U CHEBEMREICXD
BRE AT 570 $7 B TSB ThikER L - HIB
THRL, STCTREERATONYMMEIHICT 5. C
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Table 2 Antibacterial spectrum

Gram-positive bacteria (10° cells/ml)

Test strain

Staphylococcus aureus 209-P JC

” Smith

” Terajima

” Neumann

” E-46

” No. 80(PC-R)

Staphylococcus epidermidis
Streptococcus pyogenes S-23
” Cook
Streptococcus faecalis
Streptococcus viridans
Streptococcus pneumoniae tppe 1
” type 1I
” type 1L
Micrococcus luteus ATCC 9341
Corynebacterium diphtheriae
Bacillus subtilis ATCC 6633
Bacillus anthracis
Clostridium tetani
Clostridium perfringens

CXD ‘ CED CEX
1.56 1.56 1.56
1.56 1.56 1.56
12.5 6.25 6.25
3.13 3.13 3.13
1.56 3.13 3.13
6.25 6.25 3.13
3.13 3.13 3.13
0.19 0.39 0.78
0.39 0.78 0.78
>100 >100 >100
>100 >100 >100
0.78 1.56 3.13
1.56 3.13 3.13
1.56 3.13 6.25
0.025 0.025 0.05
0.39 0.78 0.78
0.39 0.39 0.78
0.78 1.56 1.56

MIC (pg/ml)

OHEMICEERML, D% B MICEEBRIEE T
720

6. in vitro ZHF ZRHBREBROFHBEER

TSB CHiE® L-E¥% HIB THRL, 37°C TR
BIERATD WEHMEICT 5. COBKIC Staphylo-
coccus aureus 209-PJC i3 1, 4 MIC, Escherichia
coli KC-14 T3 1, 5 MIC, Klebsiella pneumoniae
KC-1 iz 1, 10 MIC 2753 X H5ICRAEA L. X
KL 2, 4 BERKCELTEEREL, BE2EF
ZEF UL HIB KBHERI &, BRMICEERENE
Lo

7. = v R EBREIRBHEICH T 2 RBHR

< v R KR BYUEICR 3 5 RN FE % Staphylococ-
cus aureus Smith, Escherichia coli KC-14, Klebsiella
pneumoniae KC-1 25/ LRI £To7. = v R
ddYRS, & 18~20g DbD%E 1 H10E & LTAHL
foo BOFEEIT HIA SHEEHIC— KRS, 10% Calf
serumifRfn HIA CHE L, —80°CIC B#ER#F LR
ZHEME I EH N, ¢ DE XK % Nutrient broth
(NB; H/K) CRREDOEKICHERL, €THIC 6% gastric

mucin (Orthana-Kemisk-Fabrik-A/S) #* S ®/EA X
¥, £00.5ml v v A PREAICER L7z, Ri0.5%
CMC ic % L, M2 g BOBRE £ To%0
EDs (27 HED 4 % LY LITCHFIELD-WILCOXON
B ICXOHEE LT

IL £ & & R

1. AER=7 F 5 A4

BBREDY 7 LBl JUBRKERICNT 3BT
WHENC DD TRE L7RER% Table 1, 2, 3, 4
R U7zo 108 cells/ml, 35X 75 108 cells/ml 0% 1 H
LEHERL MIC (sg/mD) 2RHdD T, CXDid
CEX, CED & [@#7 7 ~Bitk, RUEEEIC ML BLL
BAR7 b7 2B LT, £OHE % tho FH
LHBT B E, 75 LB BB D Staphylococcus aur-
eus, Staphylococcus epidermidis T3+ L TiL, CXD
CEX, CED & &iC 108 cells/ml 88T 3.13~12.5 ug/
ml, 106 cells/ml #5 C1.56~12.5 ug/ml I(CBIZMEH
LT 7zo Streptococcus pyogenes {C 3t L Tiz CXD
{20.19~0.39 #g/ml, CEX {3 0.78~1.56 #g/ml, CED



CHEMOTHERAPY AUG. 1880

Table 8§ Antibacterial spectrum
Gram-negative bacteria (10* cells/ml)

‘ Test strain ( CXD CED CEX
Neisseria gonorrhoeae 0.39 0.78 0.39
Neisseria meningitidis 1.56 1,56 1,56
Escherichia coli NIH JC-2 6.25 25 12.5

” NIH 6.25 25 12.5
Citrobacter freundii NIH 10018-68 >100 >100 >100
Salmonella typhi T-287 6.25 6.25 6.25

” 0-901 3.13 6.25 3.13
Salmonella paratyphi A 6.25 6.25 8.25

” B 6.25 6.25 6.25
Salmonella enteritidis 12.5 25 12.5
Shigella dysenteriae EW-7 6.25 12.5 12.5
Shigella ﬂzxneri 2a EW-10 6.25 12.5 6.25
Shigella boydii EW-28 12.5 12.5 25
Shigella sonnei EW-33 3.13 6.25 6.25
Haemophilus influenzae K-1 12.5 25 25

” K-2 25 50 25
Klebsiella pneumoniae 6.25 12.5 6.25

” NCTC 9632 12.5 12.5 6.25
Enterobacter cloacae NCTC 9394 >100 >100 >100
Enterobacter aerogenes >>100 >100 >100

” NCTC 10006 >100 >100 >100
Hafnia alvei NCTC 9540 >>100 >100 >100
Serratia marcescens IFO 3736 >100 >100 >100
Proteus vulgaris OX-19 >100 100 100
Proteus mirabilis 1287 25 25 25
Proteus morganii Kono >100 =100 >100
Proteus rettgeri NIH 96 >100 >100 >100
Proteus inconstans NIH 118 >100 >100 >100
Pseudomonas aeruginosa No. 12 >100 | >100 >100

” Nc-5 >100 | >100 >100

MIC (pg/ml)

Test strain CXD CED CEX

Neisseria gonorrhoeae 0.39 0.78 0.39
Neisseria meningitidis 1.56 1.56 1.56
Escherichia coli NIH JC-2 3.13 12.5 6.25
” NIH 6.25 12.5 12.5
Citrobacter freundii NIH 10018-68 6.25 | 12.5 12.5
Salmonella typhi T-287 3.13 6.25 3.13
” 0-901 3.13 6.25 3.13
Salmonella paratyphi A 6.25 6.25 6.25
” B 3.13 6.25 3.13
Salmonella enteritidis i 3.13 6.25 3.13
Shigella dysenteriae EW-7 3.13 6.25 6.25
Shigella flexneri 2a EW-10 3.13 6.25 6.25
Shigella boydii EW-28 3.13 6.25 6.25
Shigella sonnei EW-33 1.56 3.13 3.13
Haemophilus influenzae K-1 12.5 12.5 25
” K-2 12.5 ! 50 25
Klebsiella pneumoniae 3.13 i 6.25 3.13
” NCTC 9632 3.13 6.25 6.25
Enterobacter cloacae NCTC 9394 25 50 50
Enterobacter aerogenes 12.5 25 25
"o NCTC 10006 >100 >100 >100

Hafnia alvei NCTC 9540 >100 >100 >100
Serratia marcescens IFO 3736 >100 >100 >100
Proteus vulgaris 0X-19 25 25 12.5
Proteus mirabilis 1287 12.5 12.5 12.5
Proteus morganii Kono >100 >100 >100
Proteus rettgeri NIH 96 6.25 12.5 6.25
Proteus inconstans NIH 118 12.5 12.5 12.5
Pseudomonas aeruginosa No. 12 >100 >100 >100
” Ne-5 >100 =100 =>100

MIC (pg/ml)
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{2 0.39~0.78 ug/ml © RZTH: %A L, Streptococcus
pnemoniae ICH LTtz CXD 120.78~1.56 #g/ml, CEX
12 3.13~6.25 ug/ml, CED (3 1.56~3.13 ug/ml 2%
L, CXD>CED=CEX o JHicEh T, fhiT,
Haemophilus influenaze, Micrococcus luteus, Coryne-
bacterium diphtheriae, Bacillus subtilis, Bacillus an-
thracis 1L XL TIRIRLE S IRIZFHO HWN %R
Lize —H, 75 2t B8 T2, Escherichia coli,
Shigella sp. T, CXD {210° cells/ml #H& T3.13~12.5
£g/ml, 106 cells/ml M T 1.56~6.25 #g/ml, CEX,
CED i3 & $iC 10° cells/ml M T 6.25~25 ug/ml, 10
cells/m] £ ¢ 3.13~12.5 #g/ml DHENEHL,
CXD>CEX=CED 0JEIZBh T\ 7. %7 Salmonella
sp. Klebsiella pneumoniae G CXD (3 10%cells/ml #
3.13~12.5ug/ml, 10 cells/m] #EH T 3.13~6.25
ug/ml OESHARL CXD & CEX RiZiZEBET
0, CED XHPPLENTI,

Citrobacter freundii, Enterobacter sp, Hafnia alvei,
Serratia marcescens, 4 ¥ ¥ —VRg#ED Proteus, Pseu-
domonas aeruginosa 15 &% L Ti2108 cells/ml T 3 %
#E $>100 #g/ml TH>7to

2. BRSERICHT 2 BEUNH

ERIK 2y 8 D Staphylococcus aureus 63%k, Escherichia

Fig. 2 Sensitivity distribution of clinical isolates
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coli 58%%, Klebsiella pneumoniae 42¥k, Proteus mira-
bilis 32#k, Proteus vulgaris 38#k, Proteus morganii 27
B, Proteus rettgeri 1THRICOT D SN HERM
L7 R% Fig. 2~1TICR L 7o

(a) Staphylococcus aureus DIBE

Fig. 2, 3 (2 10%cells/ml. 10®cells/ml O Wik % 11’
LEHML, MIC (ug/ml) 2KRH/1-bDT, Z2D5H
ERMITNRES I FICTRLTDA. 10%cells/ml ##
T 6.25 ug/ml, 10°cells/ml $£H(T 3.13 ug/ml (T ¥ -
7 %BTBNHERLI

(b) Escherichia coli D&

Escherichia coli DA 12 108 cells/ml T Fig. 4
WRTLOCIRYES 12.5 ug/ml Le—7%F L,
121ZE%STH o720 L L, 10%cells/ml gHTiz CXD
HRLENIEEYEE R L. T4bE Fig. 5 WURT
X 5ic CXD (3 3.13 ug/ml i€ 80%H%, CEX {2 6.25
ug/ml (€ 80% %, CED (26.25~12.5 ug/ml {C90% %S
AL THY, CXD ofifhid CEX Xb 2%, CED
L2~ 4 EBEEENTHLG

(c) Klebsiella pneumoniae DIFL

Klebsiella pneumoniae Txt L Tid, 10°cells/ml K
Ti3 Fig. 6 ICRT L DIC3¥PE $6.25~25 #g/ml i
65~80% D5} FER LTco —77, 100 ug/ml 2 EOEE

Fig. 3 Sensitivity distribution of clinical isolates
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Fig. 4 Sensitivity distribution of clinical isolates
Escherichia coli (58 strains)
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Fig. 6 Sensitivity distribution of clinical isolates
Klebsiella pneumoniae (42 strains)
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Fig. 5 Sensitivity distribution of clinical isolates,
 Escherichia coli (58 strains)
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Fig. 7 Sensitivity distribution of clinical isolates
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Fig. 8 Sensitivity distribution of clinical isolates
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Fig. 10 Sensitivity distribution of clinical isolates
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Fig. 9 Sensitivity distribution of clinical isolates
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Fig. 11 Sensitivity distribution of clinical isolates
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Fig. 12 Sensitivity distribution of clinical isolates
Proteus morganii (27 strains)
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stk & DEAIHS FAE L fo 108 cells/ml #H T i
Fig. 7 IZ7R$ & Sic CXD, CEX (3 3.13~12.5 ug/ml
iT, CED 36.25~12.5 pg/ml [T 5% LU LML,
CXD otigifid CEX LHEEET CED Lo ofh
Thr7ze

(d) Proteus mirabilis DOBE

Proteus mirabilis {C %t LTI, 10%cells/ml #H T2
Fig. 8 IC;R9 & 5iC CXD, CEX {212.5~50 ug/ml iC,
CED {3 25~100 #g/ml iC 3% KL, CXD i3 CEX
LHEBETHD, CED XOBIEUMNRBIFTH 57, 10°
cells/ml #H b Fig. 9 {LRT & S5 AR MR
Hohts

(e) Proteus vulgaris DIEL

4 v F—nikdD Proteus vulgaris |C %t TiL, 10®
cells/ml 4 i3 Fig. 10 {CRT L ST 3 %M E $>100
ng/ml %£50% D HHSRL, BIL K 224 LT, 108
cells/ml ## ©i2 Fig. 11 WRT LI IHYE bR
40%1(2>100 pg/ml TH >7chs, CXD 3 CEX L[HE
BT CED X0 2 EEEEN T

(f) Proteus morganii DS

4 v ¥ —nBtD Proteus morganii [Cx¢ L Tl Fig.
12, 13IC/RT & 21T 108 cells/ml #FE T2 2 TH >100
ug/ml TdHb, Ffc 10°cells/ml BEFTid 85% LI LAs

Fig. 13 Sensitivity distribution of clinical isolates
- Proteus morganii (27 strains) ‘
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(8) Proteus rettgeri D4

4 v ¥ =B Proteus rettgeri € %t LTt Fig.
14, 15ICRT & S1IC 108 cells/ml R THI0% 4 >100
ug/ml THY, 108cells/ml FERMTHIT LA LESHS
RITED o1

(h) Haemophilus influenzae DA

Haemophilus influenzae T4 Tid Fig. 16, 17iC
R LS 10%cells/ml EFE iz CXD, CEX i 12.5
ng/ml £>100 pg/ml i€ — 2 %% L, CED (125pg/
ml &>100 ug/ml i€~ 7 2 H L 120 108 cells/ml 5
Ti3>100 pg/ml DEkHs$T~XT CXD, CEX T3 12.5
ng/ml, CED T3 25 pg/ml FHEABITL 120

3. BN XIZTERFOELE i

Staphylococcus aureus 209-PJC, Escherichia coli NIH
JC-2, Klebsiella pneumoniae NCTC 9632 AF > THE
AT Xi2T M pH, BMFRN S LUBBEEOY
BICOLTRHLAKER%E Table 5, 6, TICRL
7o ¥itth pH DO WTi3, Staphylococcus aureus DI
£ CXD, CEX, CED & iz BB CHEH MR
o7 UL, Klebsiella pneumoniae MigAicEett
T IRY L SICHRENRIRIZI Ntz Escherichia coli
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Fig. 14 Sensitivity distribution of clinical isolates
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Table 5 Effect of medium pH on the antibacterial

MIC (ug/ml)

0.781.563.136.2512.5 25 50 100 >100

activity of CXD, CED and CEX

Fig. 15 Sensitivity distribution of clinical isolates
Proteus rettgeri (17 strains)
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Table 6 Effect of horse serum on the antibacterial
activity of CXD, CED and CEX

. MIC (pg/ml) Horse MIC (pg/ml)
Organisms Medium Organisms serum |
pH | CXD | CED | CEX (%) | CXD | CED | CEX
5.5 | 0.19 | 0.19 | 0.09 o | 156 | 1.56 | 1.56
S. aureus 6 0.78 | 0.78 | 0.39 S. aureus 10 | 1.56 | 1.56 | 1.56
209-P IC 7 1.56 | 1.56 | 1.56 209-P JC 25 | 1.56 | 1.56 | 3.13
8 1.56 3.13 1.56 50 3.13 3.13 ] 3.13
8.5 1.56 3.13 3.13 0 12.5 12.5 12.5
5.5 25 50 50 E. coli 10 6.25 12.5 6.25
E. coli 6 12.56 | 50 25 NIH JC-2 25 | 6.25 | 12.5 | 6.25
NIH JC-2 7 12.5 25 25 50 6.25 \ EZSMA ﬁAﬁ_
z 5 1;5, ?g Z: 0 6.25 | 12.5 | 6.25
’ £ - K. pneumoniae| 10 6.25 12.5 6.25
5.5/ |."25 200 100 NCTC 9632 25 6.25 12.5 6.25
K. prewmoniae| 6 25 100 | 50 B | 50 | 625 | 125 | 6.25
NCTC 9632 7 12.5 | 12.5 | 12.5 - T
8 6.25 12.5 6.25 Heart infusion broth
8.5 6.25 12.5 6.25

Heart infusion broth
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Fig. 16 Sensitivity distribution of clinical isolates
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Fig. 18 Effect of CXD on viability of

Staphylococcus aureus 209-PJC
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61'

o

Log of Viable Cells/ml

'S

Time (hr.)

F.g. 17 Sensitivity distribution of clinical isolates
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Fig. 19 Effect of CEX on viability of

Staphylococcus aureus 209-P JC
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Table 7 Effect of inoculum size on the antibacterial

activity of CXD, CED and CEX

Inoculum

Organisms size
(cells/ml)

MIC (ug/ml)

CXD j CED VIM‘(EF?(

1.4x107
1.4x10°
1.4x10°
1.4x10¢
1.4x10¢

S. aureus

209-PJC

3.13 3.13 | 3.13
3.13 3.13 | 3.13
1.56 3.13 | 3.13
1.56 1.56 1.56

0.78 1.56 | 1.56

9.0x 108
9.0%x108
9.0x10¢
9.0%x10%
9.0x10%

E. coli
NIH JC-2

200 800 400
12.5 25 12.5
6.25 12.5 12.5
6.25 12.5 12.5
3.13 12.5 12.5

8.0%x10¢
8.0x10°
8.0x 104
8.0x10%
8.0%x10%

K. pneumoniae
NCTC 9632

100 800 400
12.5 25 12.5
6.25 12.5 6.25
3.13 12.5 6.25
3.13 12.5 6.25

Heart infusion broth

DORAIIE pH O EBIH I BHo5h ot B
MFEOCEETIZ, MBERMBEHIEI TS 3EHE bHE
NCRBBRLAEEHRASNLD o Ee, HHE

Log of Viable Cells/ml

Fig. 20 Effect of CED on viability of
Staphylococcus aureus 209-P JC

control

~
M 1.56ug/ml
ARG -
~ \‘ X—-;—
N L]
N \12'5‘-1\
R

o

Log of Viable Cells/ml
(=2}

faDE ML, Escherichia coli, Klebsiella pneumoniae
DA, 100£107 cells/ml DI TERBOEZEM L DITH
S1/8 CXD 78 ~16f%, CEX T324%, CED T 32ft&
AR EBEHMAS DI

4. WTHERRIC B K2 T RCE

Staphylococcus aureus 209-PJC, Escherichia coli KC~
14, Klebsiella pneumoniae KC-1 DXHIETEMTIC IR 4T
IUAERBOBEIIC DD TRN ZFT > 720 Staphylococ-
cus aureus 209-PJC D4, Fig. 18, 19, 20 LRT &

Fig. 21 Effect of CXD on viability of E. coli KC-14
(a)

2
Time (hr.)

(b)

control

6.25.g/ml

Xemmme 2 e e s =

Log of Viable Cells/ml
(o2}

200 "~~~ _
“~~a
3
2
1
0 1 2 4
Time (hr.)

The initial viable cell count were X106 cells/ml (a) and 9X107 cells/ml (b).
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5 1T R A1108~107 cells/ml o> chilif) o) 3% T W& N4
3 & CXD, CEX, CED (3x3*h & I12IZRM 1B 11:7)
IR UIOER 1 G o> #7712 CXD, CEX o J5

A CED X0 b@mN T/,
Escherichia coli KC-14 MiB4,

Log of Viable Cells/ml

Log of Viable Cells/ ml

CHEMOTHERAPY

Fig. 21(a), 22(a),

23(a) ICRT & 5iC, MMkHe 100~10" cells/ml {0
IHC M F M L 7= & CXD i3 6.25 4g/ml (2 MIC)
PIETRMIER %R L, 3.13 ug/ml (% MIC) TR
2 IINH IS M PR DS S s s, DI BMAs
5720 CEX 2 6.25 ug/ml (Y2 MIC) El L, CED 3

Fig. 22 Effect of CED on viability of E. coli KC-14
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0 1 2
Time (hr.)

Log of Viable Cells ml

o
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(3,
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w

o8

(b)

control

.
ed
e

\ 1 2
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e

The initial cell count were 6x10¢ cells/ml (a) and 9x107 cells/ml (b).

Fig. 23 Effect of CEX on viability of E. coli KC-14

(a)

0 1 2
Time (hr.)

Log of Viable Cells/ml

(b)
control
94
X
8 T
...... s _ .
5
N ONEE= u-....--:...._‘_‘.J; 100
6
s.
44
3
2
1
0 1 2 3

Time (hr.)

The initial cell count are 6x10¢ cells/ml (a) and 9% 107 cells/ml (b).

AUG, 1880
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‘Fig. 24 Effect of CXD, CEX and CED on viability of E. coli KC-14
—6.0%10° cells/ml —

Log of Viable Cells/ml

0 1.563.136.2512.5 25 S50 0 1.563.136.2512.5 25 50 0 3.136.2512.5 25 50 100
CXD (ug/ml) CEX (ug/ml) CED (ug/ml)

The viable cell counts were plotted after incubation with cephalosporin for 4 hrs.

The dotted line showed the initial viable cell counts.

Fig. 25 Effect of CXD, CEX and CED on viability of E. coli KC-14
—9.0%107 cells/ml—

Log of Viable Cells/ml

1

w

0 6.25125 25 50 100200 0 6.2512.5 25 50 100 200 0 6.2512.5 25 50 100 200
CXD (ug/ml) CEX (ug/ml) CED (ug/ml)

The viable cell counts were plotted after incubation with cephalosporin for 4 hrs.
The dotted line showed the initial viable cell counts.

Fig. 26 Effect of CXD, CEX and CED on viability of K. pneumoniae

—3.0X10° cells/ml —

Log of Viable Cells/ml

0 1.563.136.2512.5 25 0 1.563.136.2512.5 25 0 6.25 12.5 25 50 100
CXD (ug/ml)- CEX (ug/ml) CED (ug/ml)

The viable cell counts were plotted after incubation with cephalosporin for 4 hrs.
The dotted line showed the initia] viable cell counts.
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Fig. 27 Effect of CXD, CEX and CED on viability of K.' pneumoniae
—B.0X107 cells/ml—

Log of Viable Cells/ml

0 6.2512.5 25 50 100
CXD (ug/ml)

6.2512.5 25 50 100
CEX (ug/ml)

6.2512.5 25 50 100
CED (ug/ml)

The viable cell counts were plotted after 4 hours from the addition of the cephalosporin.
The dotted line shows the initial viable cell count.

Fig. 28 Behavior in vitro of Staphylococcus aureus
209-P’ JC previously exposed to CXD

control

O,

CXD “opgm
free sl

°

3.13ug/ ml (MIC)

Log of Viable Cells/ ml

n

01 2 3 4 5 6
Time (hr.)

Log of Viable Cells/ml

o
—

control

CXD
18

N
A Y

——

CXD °

f; ~~
- 3 =

12.5ug/ m] (4MIC)

- W e " D N

wn

01 2 3 4 5 6
Time (hr.)

CXD was removed after 1, 2 or 4 hours. The dotted lines showed the
viable cell counts in the case of incubation with cephalosporin, for 6 hrs.

12.5 zg/ml (MIC) DI LR EEEA %L, CXD it
CEX LEBEEC CED XD PP REERANMNEN»-
720 F7-Fig. 21(b), 22(b), 23(b) IKRTLHICHR
#8108 cells/ml IGEVBICE A FML 24, CXD i3
100 #g/ml (8 MIC) DI L THROKEER L0, &
12200 ug/ml 1 KeRYER T99.9% KL L DRRBRICH L TH
HispEERRED 51, CEX, CED i€ kX #hi- B
B{EFABETAC &M o720 k12, THhENOD 4 KR
BEOXEM%E 7oy + LT Fig. 24, 251CRL-. BE
24 106 cells/m] #EDBAICIZ 4 BIIE O £ EHIE 3%
W SIZIZE LT o 7edd, B A 107 cells/ml %%
EA1Ci2 CXD iz CEX, CED k¥l h /-
2B LT

K. pneumoniae KC-1 T& E. coli KC-14 & k%13

HEMESH, ABHARKOEERE 7oy FLbDE
Fig. 26, 2TIC/RL7ce Thb S bBS 1L 5iC CXD
(B ER A 5X%107 cells/ml @ Kz CEX, CED (T~
RICENIREBEERERT L0 5,

5. in vitroilC 31} 3 BRI EHR O FIHMEER

in vitro {CE % BHMEER % Staphylococcus aur-
eus 209-PJC, Escherichia coli KC-14, Klebsiella pne-
umoniae KC-1 £ LB L 1=o

Staphylococcus aureus 209-PJC o i & Fig. 28~30
WCRF & SiC, CXD, CEX, CED 3.13 #g/ml (MIC)
BLU 12.5 sg/ml (4 MIC) % Fmik1, 2, 4B
CEERELLBE, LThLERSHENHZDREER
L7z %/ Fig. 31, 32 CR7 &LSHic CXD, CEX @
3.13 ug/ml (MIC) %L 304 (Fig. 31), 1, 2, 4
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CEX was removed after 1, 2 or 4 hours.

Fig. 29 Behavior in vitro of Staphylococcus aureus
209-P JC previously exposed to CEX

cortrol

3.1348/ ml (MIC)
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—_ N W & i O ~3 ® W
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.8 ° -

free g “~<
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Time (hr.)

The dotted lines showed the

viable cell counts in the case of incubation with cephalosporin, for 6 hrs.

Log of Viable Cells/ ml

A

CED was removed after 1, 2 or 4 hours.

Fig. 30 Behavior in vitro of Staphylococcus aureus
209-P JC previously exposed to CED

3.13ug/ ml (MIC)

—_ N W & v on = o
[ _Te}
-0 ]
Trao N
"Ul
.
4
‘,'K
’
’
o

0 1 3 5

2 4
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E 8]cep
§ 7{¢
]
O ¢ s
o Y
£ 5{ cep \\—-0/.
; 4 free N D\
S 3 ‘g-.-r_":
3 2 12.5ug/ml 4MIC)
6 Sl + —
0 1 2 3 4 5 6

Time (hr.)

The dotted lines showed the

viable cell counts in the case of incubation with cephalosporin, for 6 hrs.

Table 8 Protecting effect of ‘CXD, CEX and CED against experimental
Staphylococcus aureus Smith infection in mice

MIC (pg/ml) Challenge dose EDso*
10° 10° | cells/mouse | LDso mg/mouse
CXD 3.13 1.56 0.0026(0.0012~0.0057)
CEX 3.13 1.56 1.45%x 107 100 0.0034(0.001~0.012)
CED 3.13 1.56 0.0034(0.001~0.010)

* Litchfield-Wilcoxon method
( ) :95% confidence limits
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Fig. 31 Behavior in vitro of Staphylococcus aureus 209-P
JC previously exposed to CXD and CEX

cXD CEX
9 9]
'E control 1 ‘ . eontrol
5 0 O.fﬂul/ml 5 Yossuwm
3 ! CXD free 3 7 CEi
6{ % 6
-_: g . % ; 0.313u8/ ml
- 1cxp® 0.313ug/ ml 8 CEX
> ¢ clrn \Q\ > 44 free ‘\
s . s :
L . [N o
2 RRCEY 2J o
4 3.13ug/ml (MIC) 3.13ug/ ml (MIC)
sl s1
0051 2 3 4 5 6 0051 2 3 4 5 6
Time (hr.) Time (br.)

x —x : The cephalosporin was removed 30 minutes after adding CXD
or CEX in the concentration of 3.13 pg/ml

A—aA : The concentration of cephalosporin was changed from 3.13 ug/
ml to 0.313 pg/ml after 30 minutes.

O—0 : In the case of incubation with CXD or CEX for 6 hours.

Fig. 32 Behavior in vitro of Staphylococcus aureus 209-P
JC previously exposed to CXD and CEX

AUG. 1980

CXD
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E 81CXD
2 r ,
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21 31308/ m MIC)
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B 4
2
A 0.313ug/ =l
S ot
o6 }‘\_.,__/
< 5] CEX ? 0.313
; free
- 4 Ny 0313
5 34 -
2 3.13ug/ ml (MIC)
s1

01 2 3 4 5 6
Time (hr.)

The concentration of cephalosporin was changed from
3.13 pg/ml to 0.313 pg/ml after 1, 2 or 4 hours.

BERE (Fig. 32) HICHEEREL, 7/ HIC 0.313 #g/ml
(1710 MIC) %= mX THHEMNFHBRERM LIt A
CXD & CEX izt A YRR Em%E RLT Esch-
erichia coli KC-14 D14, Fig. 33~35 WRTLSIC
12.5 #g/ml (MIC) X 1562.5 sg/ml (5 MIC) iR
%1, 2, ARRIBICREREL, TOMBIFIZHRICD
DTRHE L& CALTROKIC BT S RABRIZER
W & 1 7z. Klebsiella pneumoniae KC-1 DA D
Escherichia coli KC-14 *RBRDOMEMERL 720
6. v v 2R ERIIRRIUEICKT T 210802

Staphylococcus aureus Smith, Escherichia coli KC-

14, Klebsiella pneumoniae KC-1 2R\ >T= v 2 EBMN
EUEIC T2 MR &R L, Table 8, 9, 10
iR L7,

Staphylococcus aureus Smith J& % ¢ v LT CXD
{2 0.0026 mg/mouse, CEX, CED {3 & %12 0.0034 mg/
mouse @ ED;, {455, CXD #t CEX, CED &b
PPEN T

Escherichia coli KC-14 B ¥efE it LT, CXD &
0.076 mg/mouse, CEX {30.22 mg/mouse, CED {30.23
mg/mouse ® EDs, fi % 7x L CXD ¢ CEX, CED &
DEIBETSCNRBUMEEE LT/,
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Fig. 33 Behavior in vitro of E. coli KC-14 previously exposed to CXD
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, 1 2 3 ¢ 5 6 7
1790 1 2 3 4 5 6 7 8 Time (hr.)
Time (hr.) ’
CXD was removed after 1, 2 or 4 hours.
Fig. 34. Behavior in vitro of E. coli KC-14 previously exposed to CEX
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1=—"1 2z 3 4 5 6 7 8 ' "72 3 4 5 6 738
Time (hr.) Time (hr.)

CEX was removed after 1, 2 or 4 hours.
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Fig. 35 Behavior in vitro of E. coli KC-14 previously exposed to CED
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CED was removed after 1, 2 or 4 hours.

Table 9 Protecting effect of CXD, CEX and CED against
experimental E. coli KC-14 infection in mice

MIC (pg/ml) Challenge dose EDso*
Dru
g 10° 10 |cells/mouse | LDso mg/mouse
CXD 6.25 3.13 0.076(0.043~0.13)
CEX 6.25 | 3.13 23000 200 0.22(0.15~0.33)
CED 12.5 6.25 0.23(0.14~0.38)

* Litchfield-Wilcoxon method
( ) :95% confidence limits

Table 10 Protecting effect of CXD, CEX and CED against ex-
perimental Klebsiella pneumoniae infection in mice

b MIC (pg/ml) Challenge dose EDso*
rug

10® 105 | cells/mouse | LDsy mg/mouse
CXD 6.25 3.13 0.82(0.55~1.23)
CEX 6.25 3.13 5000 10000 1.20(0.89~1.62)
CED 12.5 6.25 2.80(1.93~4.06)

* Litchfield-Wilcoxon method
( ) :95% confidence limits

Klebsiella pneumoniae KC-1 BZEICKt LT, CXD
12 0.82 mg/mouse, CEX {3 1.20 mg/mouse, CED {3
2.80 mg/mouse @ EDy, {tiZ R L, CXD i3 CEX X b
#1.5¢%, CED Xh#3fE9 ShrchBpREFTLTL

7o

%7c, HMEE & EDy - DBYFR %, Escherichia
coli KC-14, Klebsiella pneumoniae KC-1 % FL>THR
& UTable 11, 12IC/R U7z Escherichia coli KC-14 #
DBE, ERH104, 105, 107 cells/mouse & N4 3IC
EoTIRMEL L, BRHRIEL Lo, LTHO
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Table 11 Influence of challenge dose on EDg of CXD, CEX and CED
.in experimental E. coli KC-14 infection in mice

Challenge dose EDso (mg/mouse)* Ratio
cells/mouse | LDs CXD» . CEX® CED¢ b/a c/a
- 0.064 0.30 0.36
(B5X100 4 2x10° | (9, 034~0.12) | (0.28~0.39) | (0.26~0.50) | 47 | 5:6
‘ 0.35 0.82 12 i
2.5%10° | 2x10%1 (9 25:0.49) | (0.57~1.20) | (0.80~1.8 ) | 23 | 34
; ‘ 10.3 .
L 25X10T | 2X10° | (g anie o >30 >30 >3 | >3

* Litchfield-Wilcoxon method, ( ) : 95% confidence limits

MIC (10* cells/ml) : CXD  6.25 pg/ml
- CEX 6.25
CED MW 12.5

Table 12 Influence of challenge dose on EDso of CGP-9000, CEX and CED
in experimental K. pneumoniae KC-1 infection in mice

‘Challenge dose EDsy (mg/mouse)* Ratio
cells/mouse | LDs, CXD» CEXW CED® b/a c/a
. 1.2 2.5 4
5.5%10° | 1x10'| (4 83°01 74) | (1.85~3.38) | (2.76~5.80) | 21 | 3.3
" 2.7 5.5 5.5
5.5%10° | 1x10°| (1 g6" .3 99) | (3.93~7.70) | (3.93~7.70) | 2:0 | 2.0
12 15 14
5-5%10° | 1X10° | (5 g721.6) | (7.5 ~30 ) | ( 7~28 )| L3 | 1.2

* Litchfield-Wilcoxon method, ( ) : 95% confidence limits

MIC (10® cells/ml) : CXD  6.25 pg/ml
CEX 6.25
CED 12.5

HERICHHLTS CXD ¢t CEX, CED it kX EEh-i5
RREAETR U E 72 Klebsiella pneumoniae KC-1 #k
DEA, 3EMESBIARLTEROLELZO 1N,
Escherichia coli KC-14 # 0 1£4 & F# CXD 2 &h
T,

III. * £

B-lactam RZIAEHRK D FFRMRO #5i2, LEKIC
BXE LS, BLOBALGEHMBERINODH 5. L
BLENOBOA 7>z 2) vREEFICELT
2, EHACHAXELEEDEHENEE TS L 200E
o ESROTEREET 5 AXREH ORI
TREEICEDLNE, COHEILENT, HLLIBERR
hWicBOBF 7 rox ) Y REHE CXD 0 il
fERICBkM b 2cniz, CXD i3 7 7 2Bl B LU BRY

B LTRILS A7 5 22K L, 20HE
7113 CEX, CED XiZiZEMTH o7ce LU Escheri-
chia coli, Klebsiella pneumoniae T %t 3 2 VL EAR
HiCHWLT CXD & CEX, CED fiC K& 70 EHED
Sivlco TROLREIER I+ 2K OERH10° cells/ml
DA, CXD, CEX, CED o LFhD b RO BFEE
LUBEERE R LU0, B 107cells/ml g4,
CXD RO BREBIUBEEREZRLADICHL,
CEX, CED Ti2100 #g/ml {Efl THROBEER IS
>hd, BENSERERL..

CXD {2 CED @ 361 -CH; %% -OCH; £ ic B
EDITAERMEEETEH, Chilk>TLIGRR
BRORBEIEREBETAC L LD, CXD @ HidiEmR %
fE2BRT 5 LCRES IMBLEDN S,

— RIS B-lactam REVEMR OLBEIER 2% % 7218
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A, zORD(1) B-lactamase [Tt 5 LEH:, (2) KNS
BE S\ % ®1:, (3) Penicillin binding proteins (PBPS)
Cxtd B3 M, (4) lytic enzyme DM 5, Chi 4D
ORFHHAELICH ML THHEAERMT LoD EHL
DY (-1 ‘ ,

CXD & CEX, CED Micashi- il o #id, &
DESBNEICLZ SDh, HEZIS IR/ EIMLTL
28, PBPs it T, CXD iyt CEX, CED iclt
~ IBs {Cxtd 3 At <, SO MMM IDR
KRUDDLTVLE—-DOFETHS L BLONE. CTh
SDEHIL DO TIRKBICB LT R S TSR EINZ
720

BBIC 7 v 2 RBRIBREIEIC S 5 B RICONT
BR¥ L&A, CXD {3 CEX &AL MIC TH3IC
b 53 Escherichia coli, Klebsiella pneumoniae
T CEX, CED X0 #l.5~5 {5 B i5mMBREEL
TWfzo CXD D in vivo ICHIFTBLDLD5ENR
Rid in vitro (LT 2 FEN/- REEFORMTHS &
EZoh5,

X [

1) ZAK, O. ; W. ToscH, W. A. VISCHER & F.

2

3

4

5

6

)

)

~

~

~

KRADOLFER : Comparative experimentsl studies
on 3-methoxy and 3+methylcephems. Drugs Ex-
ptl. Clin. Res. 3 : 11~20, 1977
RAEAKLEMEL QR FR v 4T v .
Vo CGP-9000, 1979

ZAK, O. ; W. A. VISCHER, C. SCHENK, W,
ToscH, W. ZIMMERMANN, J. REGOs, E. R
SUTER, F. KRADOLFER & J. GELZER : CGP-
9000 : A new orally active, broad-spectrum ce-
phalosporin. J. Antibiotics 29 : 653~655, 1976
VISCHER, W.A.: O. ZAK, E. A. KONOPKA, H.
FEHLMANN, J. REGOS & W. TOSCH : Experi-
mental evaluation of CGP-9000, a new orally
active cephalosporin. Current chemotherapy.
Proc. of the 10th Internat. Congr. of Chemo-
ther, Zurich/Switzerland, 18~23 Sept. 1977.
Ed. W. Siegenthaler, R. Luethy, Vol. . Wa-
shington, D.C, Amer. Soc. f. Microbiol. 825~
827, 1978

BRAERMEZS: REHIERE (MIC) X
Ei#o Chemotherapy 23 : 1~2, 1975
LITCHFIELD, J. T. & F. WILCOXON : A simpli-
fied method of evaluating dose-effect experime-
nts. J. Pharmacol. Exp. Ther. 96 : 99~113, 1949



VOL. 28 S-3 CHEMOTHERAPY N 71

BACTERIOLOGICAL STUDIES ON CEFROXADINE (CGP-9000),
A NEW ORALLY ACTIVE CEPHALOSPORIN

TaxkesHr NisHINO, TapasH! YosuiMmoro and TErRuo TANINO
Department of Microbiology, Kyoto College of Pharmacy

Cefroxadine (CGP-9000, CXD), a new orally active cephalosporin antibiotic, was bacteriologically evaluated
in comparison with Cephalexin (CEX) and Cephradine (CED).

CXD showed a broad antibacterial spectrum against gram-positive and gram-negative microorganisms. Its
activity was comparable to that of CEX or CED.

The effects of various factors such as medium pH, inoculum size and the addition of horse serum to the
medium on the antibacterial activity of CXD were studied and found to be nearly the same as those observed
with CEX and CED. Effect on growth curve was examined by use of Escherichia coli and Klebsiella pne
umoniae. The bactericidal activity of CXD was much stronger in when the initial viable cell count was
high than that of CEX or CED.

Re-growth of organisms was also observed after the removal of the antibiotics. There was noticed no
difference among the three antibiotics.  The therapeutic effect of CXD against infection experimentally
caused with Escherichia coli or Klebsiella pneumoniae in mice was by 1.5~5 times superior to that of CEX
or CED.

The obtained results demonstrated that CXD shows stronger antibacterial in vivo. activity than CEX and
CED, probably because of its higher bactericidal activity.



