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Table 1 Antibacterial spectrum of gram-positive bacteria (10°cells/ml)

MIC (gg/ml)
Organism

CXM CEX CCL AMPC
Staphylococcus aureus 209-PJC 0.78 3.13 0.78 0.19
Staphylococcus aurens SMiTH 0.78 1.56 0.78 0.10
Staphylococcus aurens TERASHIMA 0.78 12.5 3.13 0.39
Staphylococcus aurcus E-46 0.78 3.13 1.56 0.19
Staphylococcus aureus No. 80(PC") 0.78 3.13 1.56 25
Staphylococcus epidermidis 6.25 6.25 1.56 1.56
Streptococcus pyogenes S-23 0.012 0.78 0.19 0.012
Streptococcus pyogenes Cook 0.012 0.78 0.19 0.012
Streptococcus pyogenes C-203 =0.006 0.39 0.10 0.012
Enterococcus faecalis >100 >100 25 0.39
Viridans group Streptococcus >100 >100 25 0.39
Streptococcus pneumoniae 1 0.025 3.13 0.39 0.012
Streptococcus pnewmoniae 11 0.025 1.56 0.39 0.012
Streptococcus pneumoniae 1l 0.025 3.13 0.78 0.012
Corynebacterium diphtheriae 0.78 0.78 0.39 0.19
Micrococcus luteus ATCC 9341 0.10 0.19 0.19 =0.006
Bacillus subtilis ATCC 6633 1.56 0.78 0.10 0.39
Bacillus anthracis 25 6.25 0.78 0.78
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Table 2 Antibacterial spectrum of gram-positive bacteria (10 cells/ml)

NOV. 1986

MIC (ug/ml)

Oreanism CXM CEX CCL AMPC
Staphylococcus aurens 209-PJC 0.78 3.13 0.78 0.10
Staphylococcus aurewns SMITH 0.78 1.56 0.78 0.10
Staphylococeus awrens TERASHIMA 0.78 12.5 3.13 0.19
Staphylococcrs anreus E-46 0.78 1.56 0.78 0.10
Staphylococcus anrers No. 80(PC”) 0.39 1.56 1.56 0.78
Staphylococcus cpidermidis 6.25 6.25 1.56 0.39
Streptococcus pyogencs S-23 0.012 0.78 0.19 0.012
Streptococcus pyogenes Cook 0.012 0.78 0.19 0.012
Streplococcies pyogenes C-203 0.012 0.19 0.10 =0.006
Enterococcus faecalis >100 >100 25 0.39
Viridans group Streptococcus >100 >100 25 0.39
Streptococcus pnewmoniae 1 0.025 3.13 0.39 0.012
Streptococcus pnewmoniae 11 0.025 1.56 0.3 0.025
Streptococcus pnewmoniae 1l 0.025 3.13 0.39 0.012
Corynebacterium diphtheriae 0.39 0.78 0.39 0.19
Micrococcus lutcus ATCC 9341 0.19 0.05 0.025 =0.006
Bacillus subtilis ATCC 6633 0.19 0.78 0.10 0.012
Bacillus anthracis 12.5 1.56 0.39 0.05

Table 3 Antibacterial spectrum of gram-negative bacteria (10°cells/ml)

MIC (zg/ml)

Organism

CXM CEX CCL AMPC
Escherichia coli NIHJJC-2 6.25 12.5 12.5 12.5
Escherichia coli NIH 1.56 25 6.25 6.25
Escherichia coli K-12 6.25 12.5 3.13 6.25
Citrobacter freundii NIH 10018-68 25 >100 >100 >100
Sulmonella tvphi T-287 0.78 3.13 0.39 0.19
Salmonella typhi O-901 0.78 3.13 0.78 0.39
Salmonella paratyphi A 0.78 6.25 0.78 0.39
Sabmonella paratyphi B 1.56 6.25 0.78 0.39
Salmonella entoritidis 3.13 6.25 0.78 0.78
Shigella Bscnteriee EW-7 3.13 6.25 1.56 3.13
Shigella f1.xneri EW-10 3.13 6.25 1.56 3.13
Shugella boydii EW-28 1.56 12.5 6.25 6.25
Shigella sonnei EW-33 1.56 6.25 3.13 3.13
Klebsiella pnewmoniae NTCC 9632 6.25 >100 50 >100
Enterobactor cloacae NCTC 9394 100 >100 >100 >100
Enterobacter aerogenes NCTC 10006 >100 >100 >100 >100
Hafnia alvei NCTC 9540 25 >100 >100 >100
Scrratia marcescens 1FO 3736 50 >100 >100 50
Proteus mirabilis 1287 0.19 25 6.25 1.56
Protews vilgaris OX-19 >100 100 >100 >100
Providencia rettgeri N111.96 0.78 >100 >100 >100
Iyotews inconstans NI 118 3.13 >100 >100 12.5
Morganclla morganii Koxo 50 >100 >100 >100
Iscudomonas acruginosa NCTC 10490 | >100 >100 >100 >100
Pudomeonas acvuginosa TAM 1095 >100 >100 >100 >100
Preudomonas cepacia ATCC 25416 >100 >100 >100 >100
Xanthomonas maltophilia ATCC 13637 | >100 >100 >100 >100
Acinctobactor calcoaceticus TFO 12552 >100 100 >100 >100
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Table 4 Antibacterial spectrum of gram-negative bacteria (10°cells,/ml)

MIC (pg/ml)

Organism

CXM CEX CCL AMPC
Escherichia coli NIHJ]JC-2 3.13 6.25 1.56 6.25
Escherichia coli NIH 0.39 6.25 1.56 3.13
Escherichia coli K-12 3.13 6.25 1.56 3.13
Citrobacter freundii NITH 10018-63 3.13 >100 25 > 100
Salmonella typhi T-287 0.19 1.56 0.19 0.19
Salmonella typhi O-901 0.39 3.13 0.78 0.29
Salmonella paratyphi A 0.39 6.25 0.78 0.39
Salmonella paratvphi B 0.39 3.13 0.3 0.39
Salmonella enteritidis 3.13 3.13 0.78 0.39
Shigella dysenteriac EW-7 3.13 6.25 1.56 3.13
Shigella fl.xnern EW-10 1.56 6.25 0.7 1.56
Shigella boydii EW-28 0.78 6.25 1.56 3.13
Shigella sonnei EW-33 1.56 3.13 1.56 3.13
Klebstella preumoniae NCTC 9632 1.56 25 0.7 50
Enterobacter cloacae NCTC 9394 6.25 >100 50 >100
Enterobacter acregenes NCTC 10006 6.25 >100 100 >100
Hafnia alvei NCTC 9540 3.13 >100 25 >100
Serratia marcescens 1FO 3736 100 >100 >100 50
Proteus mirabilis 1287 0.19 6.25 0.73 0.39
Proteus vulgaris 0X-19 3.13 12.5 12.5 6.25
Providencia rettgeri NIH 96 0.39 >100 >100 > 100
Proteus inconstans NIH 118 0.39 6.25 0.73 0.19
Morganella morganii Koxo 12.5 12.5 1.56 50
Pseudomonas aeruginosa NCTC 10490 6.25 >1J0 >100 >100
Pseudomonas aeruginosa 1AM 1095 >100 >100 >100 >100
Pscudomonas cepacia ATCC 25416 >100 >100 >100 >100
Xanthomonas maltophilia ATCC 13637 | >100 >100 >100 >100
Acinetobacter calcoaceticus 1FO 12552 >100 >100 >100 100
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Fig. 4 Sensitivity distribution of clinical isolates

Fig. 2 Sensitivity distribution of clinical isolates
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Fig.6 Sensitivity distribution of clinical isolates
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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. 9 Sensitivity distribution of clinical isolates Fig. 11 Sensitivity distribution of clinical isolates
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Fig. 13 Sensitivity distribution of clinical isolates Fig. 15 Sensitivity distribution of clinical isolates
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Fig. 18 Effect of medium pH on the antibacterial activity of CXM, CEX and CCL
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Fig. 19 Effect of serum concentration on the antibacterial activity of CXM, CEX and CCL
S. aureus 10 strains (10° cells/ml)
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Fig. 21 Effect of inoculum size on the antibacterial activity of CXM, CEX and CCL
S. aureus 10 strains
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Fig. 22 Effect of inoculum size on the antibacterial activity of CXM, CEX and CCL
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Table 5 Protective effect of CXM-AX, CEX and CCL Table 6 Protective effect of CXM-AX, CEX and CCL
on experimental infection with S, awrcies on experimental infection with S. prermoniae
Saiti in mice Il in mice
Challenge MIC Challenge MIC
Drug ED. / /
(cells/mouse) (ug,’ml) 50 (mg/mouse) Drug (cells/mouse) | (ug/ml) EDso (mg/mouse)
CXM-AX 6.0%10° 0.78 0.0975 (0.0800 ~0.1190) * CXM-AX 6.5 % 10! 0.025 0.10 (0.064 ~0.155) *
CEX (éSLD» N 0.78 0.0050 (0.0037 ~0.0067) * CEX (iO LD..) 3.13 1.30 (0.998 ~ 1.694) *
CcL * 0.39 | 0.0025 (0.0019 ~ 0.0032) * ccL * 0.39 0.40 (0.255 ~0.627) *

* 95 % confidence limits * 95 % confidence limits
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Fig. 24 Effect of CXM,
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CEX and CCL on the viability of E.coli 444

Incubation time(hr.)

Table 7 Protective effect of CXM-AX, CEX and CCL
on experimental infection with S. pyogenes
C-203 in mice
Challenge MIC
Di 3 /
e (cells/mouse)| (ug/ml) EDsy (mg/mouse)
CXM-AX £.0X10° <0.006 0.024 (0.018 ~0.032) *
CEX (1.30LD ) 0.19 0.065 (0.054 ~0.078) *
ccL 01 0.018 (0.014 ~ 0.024) *

* 95 % confidence limits

Table 8 Protective effect of CXM-AX, CEX and CCL '

on experimental infection with E, coli 444

in mice
Chall MIC
Drug atienge o ED;, (mg/mouse)
(cells/mouse) | (ug/ml)
CXM-AX| _ X 16 0.39 0.185 (0.118 ~0.291) *
CEX (lvboow | s 0.550 (0.356 ~ 0.849) *
CCL I 1.56 0.175 (0.111 ~ 0.277) *

* 95 % confidence limits
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Table 9 Protective effect of CXM-AX, CEX and CCL
on experimental infection with E. coli 444

in mice
Drog Challenge \ MIC ED,, (mg/mouse)
(cells/mouse) | (#g/ml)
CXM-AX . f 0.39 0.035 (0.026 ~ 0.046) *
i 5.0x10 , .
CEX (10LD..) 3.13 0.120 (0.086 ~ 0.167)
CCL ) o 1.56 0.035 (0.026 ~0.046) *

* 95 7, confidence limits

Protective effect of CXM-AX, CEX and CCL
on experimental infection with K. preumoniae
KC-1 in mice

Table 10

Chall MIC ,
Drug enee . ED:, (mg/mouse)
(cells/mouse) | (ug/ml)
CXM-AX ~ ) 0.78 1.50 (1.119 ~2.010) *
e 35%10 . o
CEX (250 LDsy) 6.25 2.00 (1.660 ~2.400) *
50 LD.
ccL ® 0.39 0.21 (0.152~0.290) *

* 95 % confidence limits

Table 11 Protective effect of CXM-AX, CEX and CCL
on experimental infection with K. /);muno;ziaé'3
DT-S in mice

Chall MIC
Drug cnee PR ED;, (mg/mouse)
cells mouse | (pg/ml)
CXM-AX 6.0 % 10° 1.56 0.170 (0.110~0.264) *
CEX (40 1D.) 6.25 0.550 (0.346 ~ 0.874) *
ccL * 0.39 0.100 (0.055 ~ 0.182) *

* 95 % confidence limits

NOV. 1986

Protective effect of CXM-AX, CEX and CCL
on experimental infection with E. cloacae

Table 12

113 in mice

MI L
Drug Chal’lenge o, AI/C ED,, 'mg mouse
(cells/mouse) | (ug/ml) |
cng 26 % 10° 6.25 | 1.95 (1.5?9*24325‘:
(EX (0LD.) 50 1.00 (0.679 ~ 1.473)
- CCL R 12.5 0.93 (0.657 ~ 1.316) *
* 95 % confidence limits
Table 13 Protective effect of CXM-AX, CEX and CCL
i on experimental infection with P. mirabilis
434 in mice
1 MIC
Drug Cha]‘enge ED., ‘mg/mouse)
(cells/mouse} | (ug/ml)
XM-A) 0.78 0.130 (0.107 ~0.157) *
CXM-AX 5.0 % 10° 57)
CEX (101D.,) 12.5 >1
cCcL * 1.56 0.090 (0.069 ~0.117)*

* 95 9% confidence limits

T4 - Tutopy, CEX I h N DTHH1o, E
cloacae 113 T CXM-AX o83 CEX, CCL X b
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Fig. 25 Effect of CXM-AX, CEX and CCL on number of bacteria in the lung
of mice infected with K. pneumoniae DT-S by the aerosol method
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Fig. 26 Therapeutic eficacy of CXM-AX, CCL
and CEX against experimental urinary
tract infection with E.coli 444 in mice
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Fig. 27 Therapeutic efficacy of CXM-AX, CCL
and CEX against experimental urinary
tract infection with K. pneumoniae KC-

1 in mice
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IN VITRO AND IN VIVO ANTIBACTERIAL ACTIVITIES
OF CEFUROXIME AXETIL (CXM-AX), A NEW
ORAL CEPHEM ANTIBIOTIC

Taxkesut Nisuino, Yosuiki Osana, Tosuimi Goton and Teruo Tanino

Department of Microbiology, Kyoto Pharmaceutical University

The in vitro and in vivo antibacterial activities of cefuroxime axetil (CXM-AX ; SN 407), a prodrug
of cefuroxime, were compared with those of cephalexin (CEX), cefaclor (CCL), and amoxicillin
(AMPC). The following results were obtained.

CXM (the active form of CXM-AX) had broad antibacterial spectrum against gram-positive and
gram-negative organisms, but showed low antibacterial activity against Serratia and glucose non-fer-
mentative organisms. The antibacterial activities of CXM against clinically isolated gram-positive
organisms were either similar or inferior to those of AMPC, but were superior to those of CEX and
CCL. The antibacterial activities of CXM against gram-negative organisms, such as Escherichia coli,
Klebsiella pneumoniae, P.mirabilis, Haemophilus influenzae, and Acinetobacter calcoaceticus, were in-
ferior to those of AMPC or CCL, but were superior to those of CEX. Moreover, CXM was more
active than these comparators against other gram-negative organisms.

The antibacterial activity of CXM was only slightly affected by the pH of the medium, the addi-
tion of horse serum, and the inoculum size.

The therapeutic efficacy of CXM-AX against experimental intraperitoneal infections caused by Strep-
tococcus pneumoniae, S. pyogenes and E.coli in mice was either comparable or superior to that of
CCL and superior to that of CEX. Against the infections with Staphylococcus aureus, K. pneumoniae,
Enterobacter cloacae and Proteus mirabilis in mice, the therapeutic efficacy of CXM-AX was either
comparable or superior to that of CEX but inferior to that of CCL.

In experimental respiratory tract infections with Klebsiella pneumoniae in mice, CXM-AX demonstra-
ted efficacy comparable to CCL and superior to CEX. Therapeutic efficacy of CXM-AX against experi-
mental urinary tract infections in mice was superior to that of CEX and CCL against the infections
with E.coli, slightly inferior to that of CCL and superior to that of CEX against the infections with
K. pneumoniae.



