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Table 1 Minimum inhibitory concentration of cefroxadine and reference compounds for
various standard test strains and laboratory strains (Gram-positive organisms) *

R (  MIC (ug/ml) R
Strain CXD CFT CEX
10* 10¢ 10* 10¢ 10* 10°
Staphylococcus aureus 209-PJC 3.12 1.56 1.56 0.39 3.12 1.56
Staphylococcus aureus Terajima 3.12 1.56 1.56 0.78 6.25 3.12
Staphylococcus aureus Smith 3.12 1.66 0.78 0.78 1.56 1.56
*Streptococcus pyogenes S-8 0.39 0.39 0.19 <0.10 0.78 0.78
*Streptococcus pyogenes Cook 0.39 0.39 0.19 <0.10 0.78 0.78
*Streptococcus pneumoniae MD 173 1.56 1.56 0.78 0.19 6.25 3.12
*Streptococcus pneumoniae MD 174 1.56 1.56 0.39 0.19 3.12 1.56
*Streptococcus pneumoniae MD 175 1.56 0.78 0.39 0.19 3.12 1.56
Gram- | *Streptococcus pneumoniae MD 176 1.56 1.56 0.39 0.19 3.12 1.56
positive| Streptococcus faecalis MD 139 50 50 25 25 >100 100
Streptococcus faecalis MD 146 100 50 50 25 >100 100
Bacillus subtilis ATCC-6633 0.39 0.19 0.39 0.10 0,78 0.78
Bacillus subtilis PCI-219 6.25 3.12 1.56 0.78 6.25 3.12
*Listeria monocytogenes MDM 45 50 50 12.5 12.5 50 50
*Listeria monocytogenes MD 169 50 50 12.5 12.5 50 50
*Cory"ﬁ:;;:;f(ﬁm diphtheriae 0.78 0.78 0.39 0.19 0.78| 0.39
*Corynebacteriun, diphtheriac 0.3 | 019 | o019 | 0.19 0.3 | 0.39

¢ Heart infusion agar and *horse blood (10%) heart infusion agar, 37°C, 18h.
Inoculum size : 10*/ml and 10%/ml (Tryptosoy broth and *brain heart infusion).
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Tabls 2 Minimum inhibitory concentration of cefroxadine and reference compounds for
various standard test strains and laboratory strains (Gram-negative organisms) *
MIC (ug/ml)
Strain CXD CFT CEX
108 108 10° 10¢ 10* 10¢
Escherichia coli NIH JC-2 6.25 6.25 12.5 6.25 100 12.5
Escherichia coli K-12 T-71 12.5 6.25 6.25 3.12 25 12.5
Shigella flexneri 2a CDC #4807-62 3.12 3.12 1.56 0.78 6.25 6.25
Shigella sonnei 4 6.25 6.25 3.12 3.12 12.5 6.25
Salmonella typhi Tanaka 6.25 3.12 0.78 0.78 6.25 6.25
Salmonella paratyphi A MD 170 12.5 12.5 3.12 1.56 12.5 6.25
Salmonella paratyphi B MD 171 12.5 6.25 3.12 1.56 6.25 6.25
Salmonella enteritidis M 11 6.25 3.12 0.78 0.78 6.25 3.12
Klebsiella pneumoniae 1-10 3.12 3.12 1.56 1.56 12.5 6.25
Klebsiella ozaenae MD 34 12.5 3.12 12.5 3.12 25 6.25
Klebsiella ozaenae MD 35 25 6.25 12.5 6.25 25 6.25
Enterobacter aerogenes MD 39 >100 >100 >100 >100 >100 >100
Serratia marcescens K 1 >100 >100 >100 50 >100 >100
Gram- Serratia marcescens Nsm-1 >100 >100 >100 >100 >100 >100
negative| Progeys vulgaris K-7 >100 >100 >100 >100 >100 >100
Proteus mirabilis 1287 12.5 6.25 1.56 1.56 12.5 12.5
Proteus morganii TMS 1510 >100 >100 >100 >100 >100 >100
Proteus rettreti TMS 624 >100 >100 >100 >100 >100 >100
Proteus inconstans MD 84 >100 >100 >100 =100 >100 >100
Proteus inconstans MD 86 >100 >100 <100 >100 >100 >100
Pseudomonas aeruginosa IFO-3445 | >100 >100 >100 >100 >100 >100
*Citrobacter freundii TMS 346 >100 >100 >100 >100 >100 >100
**Salmonella spp. B 613 Cerr 12.5 25 6.25 6.25 | >100 50
**Salmonella spp. 631 D Cerr 50 12.5 6.25 3.12 | >100 25
**Salmonella spp. 626 D 50 25 25 12.5 100 100
**Salmonella spp. 630 N 6.25 3.12 6.25 3.12 100 12.5
Proteus mirabilis Pm17(pNR 113v) 50 25 6.25 3.12 25 12.5

t Heart infusion agar, 37°C, 18h.

Inoculum size : 108/ml and 106/ml (Tryptosoy broth).

b Ampicillin resistant R plasmid.
* Cephalosporinase-producing strain.
**Cephaloridine resistant strain.
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EA LD CFT, CXD, LU CEX O JEIC Bl A &



14 ~ CHEMOTHERAPY AUG. 1980
Table 3 Distribution of minimum inhibitory concentrations of CXD and
reference compounds ageinst clinical isolates (1)
I 1 " MIC (pug/ml Total |Median *
Organism Drug no!ci:eum g/ ml) No. MIC
(cells/ml) 0.19[0.3§‘0.7s1.563.126.2512.5 25 | 50 |100|>100| strain | value
ey s R T ' 6124 4] 2 3] 1 740 8.3
o CXD 100 1017 |16] 4] 2 40 7.0
Escherichia CFT 10t 2! 5117110 1 5 40 6.0
coli 108 61611 2| 5 40 2.7
10° 6l27| 6] 1 40 13
CEX 100 2110]27] 1 40 10
10° 2 3| 22 | 27 | 163
. CXD 100 4 8| 4| 2| 9 27 57
E. coli b - 100 2| 95 | 27 | 195
(CET resistant) 108 4 1] 8] 14 27 105
10¢ 50 22| 27 | 180
CEX 108 al 31 5] 2/ 13| 27 79
10° B 13| 1] 1| 2| 2 | 54 10
CXD 10¢ 1]11]39 2 1| 54 6.1
Salmonella CFT 100 1328 21 4] 4 1| 2| 54 4.5
spp- 108 2l26(17] 6] 1| 1] 1 54 2.6
10° 1626 9] 1 2 | 54 13
CEX 10° 458 1| 54 7.6
10° 8 8 3.1
CXD 106 8 8 3.1
Salmonella CFT 10 71 1 8 0.87
typhi 10° 1 8 0.44
108 4| 4 8 4.5
CEX 108 71 1 8 3.5
108 1] 23511 2 51 6.2
CXD 108 1| 4]21 |22/ 3 51 4.3
. 10° 1 117]25] 2| 1| 1| 3 51 4.9
Shigella spp. | CFT 108 1 3)3 ]3| 1] 1] 2 51 4.2
10° 1 9|40 1 51 1
CEX 108 3] 11461 1 51 5.9
10° 1] 919 3 13| 4| 40 10
ebonl CXD 108 126 5| 3| 2 3 40 5.5
cosiecta CFT 10° 21313 1| 3| 2| 1| 1| 4| 40 5.3
pneumoniae 108 8/19| 2| 2| 2| 5|1 40 2.6
10° 1]24| 8 1] 6| 40 13
CEX 108 1] 8l23] 1 1131 3| 40 9.2
10° 1 2] 7 | 10 | 135
Evreros CXD 108 2| 1| 3] 2 2 | 10 32
nerovacter | pt 10° 2| 4/ 3] 1] 10 63
cloacae 108 11| 2] 1| 5 10 11
10° 1 1] 8| 10 | 145
CEX 108 1l alslal 21 10 59
CXD 108 1 1 200
10° 1 1 | 200
Enterobacter CFT 10° 1 1 200
aerogenes 108 1 1 2001/ .
1108 1 1 | 200
CEX 108 1 1 | 200
10% 32 | 32 | 200
- CXD 10 , 1 3| 28 | 32 | 176
erratia CFT 108 32 32 200
marcescens 108 2| 30 32 196
108 32 | 32 | 200
| CEX 108 1 31 | 3 | 192
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Table 3 Distribution of minimum inhibitory concentrations of CXD and
reference compounds against clinical isolates (2)

Inoculum ‘ MIC (pg/ml) Total |Meaian
Organism Drug size —————| No. MIC
(cells/ml) 0.190.3910.781.563.126.2512.5 25 | 50 {100 |>100| strain value
10° 1 25 | 26 | 104
CXD 108 1] 2] 4l 2| 17| 26 | 120
Proteus CFT 100 1| 2| 4] 19| 2 | 153
vulgaris 108 1] 70 3| 2! 1] 12| 2 59
10° 1] 70 18] 26 | 181
CEX 108 8| 5 13 | 26 83
10° 616 4 7 23 28
CXD 106 4| 8| 5 6 | 23 16
Proteus CFT 10 7] 8 1|1 6 | 23 8.9
mirabilis 106 2| 6| 9 6 | 23 7.0
106 5| 5 4| 2] 1| 6| 23 32
CEX 10 K 6 | 23 21
108 11 1] 2| 11 ] 16 | 127
CXD 10¢ 2 13| 3|3| 4| 16 47
Proteus
10t 1] 1 o| 5| 16 94
morganii CFT 108 1] 7| 2 2| 1 3| 16 11
106 1] 1 14 | 16 | 164
CEX 108 1] 1] 4l 3] 1] 6| 16 61
10° ) 13 [ 15 | 112
, CXD 10¢ 2 7] 6 | 15 85
1oteus
100 2 3| 10| 15 | 106
rettgeri CFT 108 2 2 2| 1] 8| 15 54
108 1] 1 13| 15 | 135
CEX 10¢ 2 13 | 15 | 128
10° 2 ) 4 72
. CXD 10¢ 2 1] 1 4 15
roteus
108 2 2 4 72
inconstans A CFT 108 2 2 4 13
100 2| 2 4 | 145
CEX 10¢ 2 2 4 26
10° i 5 9 | 151
, CXD 106 1] 1] 1] 2] 3|1 9 24
roteus
106 1 3 5 9 95
inconstans B CFT 108 21 1] 2 1| 21 9 11
100 1] 4| 4 9 | 129
CEX 108 1 1 al 2| 1 9 a4
108 20 | 40 | 200
. - CxD 108 40 | 40 | 200
Pseudomonas | = 100 40 | 40 | 200
aeruginosa 10¢ 40 40 200
100 0 | 40 | 200
CEX 10° 4 | 40 | 200
10° 171728 [ 13|10 69 7.4
Sl CXD 108 1] 5(30|28| 5 69 2.2
baphytococeus | rr 10° 22718 5| 9| 5| 3 69 3.9
aureus 108 1]29|38 1 69 1.2
108 193]15] 1] 1 69 6.5
CEX 108 225139 2 1 69 2.5

¢ Calculated by taking the MIC value of >100 pg/ml as 200 wg/ml.
b Cephalothin (CET) resistant E. coli : the MIC values of CET for these strains were
=100 pg/ml when tested with the inoculum size of 108 cells/ml.
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Fig. 2-2 Distribution of minimum inhibitory concentrations of CXD and
reference compounds against clinical isolates
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Fig. 2-3 Distribution of minimum inhibitory concentrations of CXD and

reference compounds against clinical isolates
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‘Fig. 2-4 Distribution of minimum inhibitory concentrations of CXD and

reference compounds.against clinical isolates
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Fig. 3-1 Susceptibility of cephalexin resistant strains to CXD and cefatrizine
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Fig. 4 Effects of agar media on minimum inhibitory concentration of CXD,

cefatrizine, and cephalexin
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@ MIC %2~/ (Table 3, Fig. 3), CEX MttoKk
22 CXD tu CFT K XEMBEL RLI, %
2E0D MIC MELRSLES SRt
BHEBOKE : Table'l, 2, BXUSIKRLAELS
IC4998KIC DT, EMER% 10%/ml XU 10%/ml %
RAOTHEE L. 109/ml 043108/ ml (T~ T MIC
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Q 1.56 B S, flexneri
s X-X
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HIA TSA S DST
PAB BHI MH NA
Media
HIA : Heart infusion agar (Eiken)
PAB : Penassay broth+agar (Difco)
TSA : Trypto-soy agar (Eiken)
BHI : Brain heart infusion agar (Difco)
SA : Sensitivity test agar (Eiken)
MH : Mueller hinton agar (Eiken)
DST : Diagnostic sensitivity test agar (Oxoid)

NA : Nutrient agar (Eiken)

DRI2IEEMEERT A DA S s, S typhi D
Shigella spp. Ti3iZ & A EELMIEL, FICH 4 EDE
WA SN - D2 E. cloacae, P. morganii, P. incon-
stans, B LU S. aureus TH 5710

b pH % : TSB L37°C, —KAiti® L E.
coli NIH JC-2 3 kU Bacillus subtilis ATCC 6633 %
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Table 4 Effect of pH of culture medium on
minimum inhibitory concentration of
Cefroxadine, Cephalexin, and Cefa-
tr izine for E. coli and B. subtilis *

MIC (ug/ml)
Organism pH |— .
CXD CFT | CEX
6.0 25 6.25 | 25
6.5 12.5 6.25 | 12.5
E. coli NIH 7.0 12.5 6.25 | 25
JC-2 7.5 6.25 6.25 | 12.5

8.0 6.25 12.5 25
8.5 6.25 12.5 25

6.0 | <0.19 | <0.19 | <0.19
6.5 | <0.19 | <0.19-| 0.39
B. subtilis 7.0 | <0.19 | <0.19| 0.78

ATCC-6633 | 7.5 | 0.39 0.39 | 1.56
8.0 0.39 0.78 | 1.56
8.5 0.78 1.56 | 3.12

¢ Heart infusion broth (Eiken).
Inoculum size : 105/ml.
Incubation : 24h at 37°C.

Table 5 Effect of horse serum in culture medium
on minimum inhibitory concentration of
Cefroxadine, Cefatrizine, and Cephalexin
for E. coli and B. subtitis »

Concentra-
Organism ;i;r:“gfb MIC (ng/mD)

o 1 (% CXD CFT CEX
0 6.25 6.25 12.5

E. coli NIH 5 6.25 3.12 12.5
JC-2 10 6.25 1.56 12.5
20 6.25 1.56 12.5

0.39 0.19 0.78

B. subtilis 5 0.39 0.39 1.56
ATCC-6633 10 0.78 0.78 1.56
15 0.39 0.78 1.56

& Heart infusion broth (Eiken).
Inoculum size : 108/ml.
Incubation : 24h at 37°C.

b Horse serum (Biologicals Inc.).

>, NaOH %713 HCl 2f>T pH 6.0~8.5 iC&
1E L7 HIB i B¥EH% 2 {SBEBR AR T 100~0.19 xg/
ml ZZ 2= FRFRINC, BEBREL0%/ml ([CHERE LT,

Fig. 6 Bactericidal effects of CXD, cephalexin
on Escherichia coli NIH JC-2 as ob-
served by counting of viable cells
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ChoE3TC, —RERE, HORTFLHWIECHEL
MIC %5 L7zo Table 4 {TRT L 51T, E. coli icxt
T AHEE, CXD Tl IR THOORIE T 2 HrH
BvohoitstL, CFT @icTah VR TCET
FTEHEMICH 7o CEX DHREH 2T —FELTL
720 —75, B. subtilis {3t U Ti2, ks ihH¢ 8 ¥ 1C 1L
& BFHOEHD MIC $ EHIC/NE LD, ToH
UM TILRIC & 1L AR A S s,
ROEFRMOLE : &% 5, 10, 5 XU0%ICHE
L7 HIB 2T, #ih pH OX B4R LIE
BRLERRISAETERERD MIC £H|% L7z, Table 5
{CRT &£ 51T, CXD & CEX o MIC i3 1fy @& 3 tn @
FESIURMBCESEZ it oe —F, CFT
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Fig. 6 Bacteriolytic effects of CXD, cefatrizine, and cephalexin added to cultures
of Escherichia coli K-12 T-71 in various exponential phases of growth
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Arrow indicates the time of addition of the drugs
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ERUTze SEHOREMTD MIC 2HBT 5L, &
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CEX DJHICEWENE SN,

BEfER ¢ Fig. 5 ICRT LI, LIFHLOHKFIDH 1x
MIC Pl FOiR/IN&T E. coli NIH JC-2 T %t L THE
e &R U7o CFT 314 x MIC RN < MEER%
L7 CXD & CEX DRFERIZIZIZFEEETH -
po a
BHVER ¢ E. coli K-12, T-71' & PAB CiRk ¥ 1% 3%
L, 603#% (f¥cCume) i CXD 2mx 5L, €20
2 Fe MR OB BEER s b, RIsk2s kil L /-

(Fig. 6)o 1205} 8% (FEEUMAEDMD ICMA 1B A,
BEDETIRPPIF 57, 100 g/ml DFINTIEK
SRIBBIVERL 0 Th o700 180 38k (H5EUwAtER L)
WML 7 B4, 50 #g/ml Tl LA KIEHEERRRE
»ohd, 100 ug/ml TOAMEMNL SNz, CEX
BHEERG, CoRHICENLTS HEFTLRL, CXD
KO IEENGEA ST CICXH L, CFT oEdfEH i
BbM{, ¢ &IC1804#iC50 #g/ml k)L T H Ml 24
BERAR Lo L L, 26ISMIEREORE L HIRT
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<, 5.0 zg/ml DIRMTHERBFR LK DOTHEBEL D
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EBHIED o0
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Fig. 7 Bacteriolytic effects of CXD, cefatrizine, and cephalexin added to cultures
of Klebsiella pneumoniae 1-10 in various exponential phases of growth
Klebaiella pneumoniae 1-10 Klebalella pneumontae 1-10 Klebsiella pnewmoniae 1-10
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Fig. 8 Effects of CXD, cefatrizine, and cephalexin added
to cultures of Escherichia coli K-12 T-71 in the
lag phase of growth
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BACTERIOLOGICAL EVALUATION OF CEFROXADINE (CGP-9000),
A NEW ORAL CEPHALOSPORIN: /N VITRO
ANTIBACTERIAL ACTIVITIES

l

RiNTARO Nakayva, NosuicH! GoTo, SANKICHI HoriucHIi, NOBORU
OKAMURA, TosHio CHIpA and HARUMI SHIBAKA

Department of Microbiology, Tokyo Medical and Dental
University School of Medicine

SapayosH! UEDA, Iwao IsHIZUKA, YOSHIKO SASAKI
and MAsaNAR!I IKEDO

Institute of Environmental Sciences, Eiken Chemical, Ltd.

Cefroxadine (CGP-9000, CXD), a semisynthetic, orally administered cephalosporin, was found to have an
in vitro spectrum of activity comparable to cephalexin (CEX) and cefatrizine (CFT). It showed excellent
antibacterial activity against gram-positive and gram-negative bacteria, including K. pneumonige and P,
mirabilis, less activity against E. cloacae and other Proteus species. E. aerogenes, S. marcescens, and P.
aeruginosa were found to be resistant to the drug. The antibacterial activities of cefroxadine were almost
equal to or twice more potent than those of CEX, but less potent than those of CFT. The type of media,
pH and additionof horse serum had no significant effects on the activity. Bactericidal and bacteriolytic
effects of cefroxadine on E. coli and K. pneumoniae were more pronounced than those of CEX. These
distinct properties of cefroxadine indicated that its in vitro antibacterial activities were similar to those of
CFT.



